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SUPPLEMENT TO DESCRIPTION AND OPERATINGMANUAL
5FM-19, BN B29

Error indication 1-201 or 1-202 after preceding self-test (for Series A ... D}

A subassembly self-test is described in Section 3.5. When a test is acceptable the identifica-
tion lewn-w- is shown in the frequency display. In order that an exit from the test program might
be executed, the key "MEM® ought be to depressed and the LED is extinguished. However, after
that, the above menticned error indication might appear after the succeeding calibration cycle.
But that would be of no significance and could be removed by a press on any key {e.g. frequency
f). An additional calibration (depress "CAL® key twice) is recommended.

Short-Form Operating Manual {Series £ ...}

The SPM-19 has a Short-Form Operating Manual contained in a drawer at the bottom of the instru-
ment. After the drawer has been puiled out, the single pages of the Operating Manual are ac-
cessible. Then the pages way be pushed back into the open drawer, so that a page title can be
read while the page is stiil in the drawer. Then, after the drawer has been closed and again
sulled cut the single pages are again in the front. Index tabs simplify the manipuiation of the
pages.

The Short-Form Operating Manual is printed in German (top sides of the pages} and English (bot-~
tom sides of the pages). The complete set of cards can be turned-over, whereby a cut-out in the
bottom of the drawer eases this operation.

The Shert-Form Operating Manua) contains, besides the freguency and level settings, specifica-
tions about memory functions and error numbers as well as information for the instrument self-
test. '

When the ipstrument is used for the first time and with any compiicated measuring procedure,
the detailed “Description-and Operating Manual" ought to be used, so that errors cam be avoided
during measuremenis. '

LED displays {(Series F..)

The digital displays {Identification letters "A" and *B" in Table 4-1) are realized with
LED's. A1l places in the text that give information about "LCD displays” are to be considered as
andlogous to "LED displays®.

Dperation of the PSS-18/SPM-19 with 48-kHz-bandwidth

Because of the method used to obtain the 48 kHz bandwidth in the SPM-19 (Sweep Mode and reading
summation) the Digitel Level Meter reads a value that is always too high by approx. 12 dB.

Level measurements at this bandwidth using the PSS-19/SPM-19 combination are therefore imper-

missibie and have no value.

power supply from finverters or emergency generator sets

The Level Meter is equipped with a switched mode power supply containing a rectifier circuit
which presents a non-linear load to the a.c. Tine.

Power sources other than the a.c. line {50/60 Hz) can be used if their impedance is low enough
and current pulses with an R.M.S, value of 1.5 A and a peak current of 5 A can be delivered.

Setting of automatic measuring range

The setting of the automatit measuring range by means of the "AUTQ SET" key as described in
para. 4.6.2.1 facilitates the fast setting of the reference level for analog level measurements



at discrete test frequencies. If the SG-4 Display Unit is connected, then manual switching of
the measuring range is preferable.

But an SPM-19 of Series K and after has autoranging also.

White noise program (Series K ...)

The "White Noise Program™ expliained in para. 1.11.Z2 is already incorporated in all SPM-19 Lev-
el Meters except for the Version BN 829/03 commencing with Series XK.

Owing to the Option BN 829/00.02 being omitted, the Option “Fixed value memory® BN 829/00.03
for fixed frequencies and permanent setups may be ordered and then retrofitted at the appro-
priate W&G Service Facility that is responsible for the maistenance.

Automatic frequency stepping {Series K ...)

The "AUTO STEP" function {see para. 4.4,3.2) can be set up to run through any number of se-
quences when the key sequence MEM 5000 RCL is entered before the "AUTO STEP" key is vressed. An
interruption is initiated as follows:

H
sTaRT OF
"fsTﬂP": stop at the start or stop frequency. Also whem the "f" key is pressed the measuring

sequence is stopped, however, the function is cancelled.

Press the "MAN" key: stop at the last displayed frequency, press the keys "f

A handwritten table can be prepared when STow stepping intervals (> 3 seconds) are selected be-
cause related values of frequency and level are easily read if, after the frequency change, the
weasured value is displayed during a dweiltime (level display blanked}. This mode may be better
used when automatic registration of the result is implemented [printer, x-y recorder, $6-4 Bis-
play Unit).

Selective end-to-end measurements with low signal-to-noise ratio (Series ¥ ...}

In Section 4.11 a possibility for selective end-to-end measurements is described. But this meth-
od {tracking receiver) functions perfectly only when the received wanted signal-to-noise ratio
is sufficiently high. This is usually the case. When measurements are made on very noisy commy-
nication paths {e.g. in the high voltage carrier frequency technology) a selective end-to-end
measurement in the AUTO STEP mode is possible as follows:

- Set up the same start and stop freguency and also the same siep width fSTEP and stepping
time (1 or 3 s) on both the P5-19 Generator {or PS-16) and the SPM-10 Level Meter. A frequency
should be chosen as the start freguency at which a sufficiestly high noise ratio is present at
the receive side. Can be checked by generator blocking and extinguishing the LED of the signal
detector at the $PM-19 = start criterion.

- Set up Generator and Recefver gt start frequency

- Switeh to the 20 dB scale of the Level Meter and select a measuring range that provides ap-
proximately full scale deflection an the analog meter,

- Key in sequence MEM 4000 RCL on the $PM-19 and press the "MEM" key so as to switch out
MEMORY again, when fixed frequencies {Memory Auto Step! are not to be operated with.

- Switch in "AUTO STEP" mode on the SPM-19. The fiashing LED now shows that the SPM-19 is ready
for starting the measuring sequence.

- Release the measuring process by depression of the "AUTO STEP” key at the Level Generator.

Note: A cyclical repetition of the measuring process is possible by additional entry of MEM 6000
RCL {before or after MEM 4000 RCL). The complete measurement including repetition cught
not to last longer than about 10 minutes in order that the frequency drift between send
and receive side remains the same.
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INTRODUCTION

While digital transmission systems are being used more
and more at the local and regional levels, FDM systems
are still the main systems for long distance traffic.
Level measurements play an important part in the measure-
ment and checking of the analcg parameters of these
systems and the various modules. However, modern test
equipment must be available for additional measuring
tasks. The selective level meter SPM-19, in which the
application of modern circuit technologies and of a
microcomputer provide a high degree of accuracy and ease
of use, is suitable for these measuring tasks.

The frequency range of the meter extends from 50 Hz to
25 MHz if the coaxial input is used, and the freguency
ranges of the balanced inputs extend up to 620 kHz and
14 MHz. The characteristics of the level meter make it
equally suitable for development, production, instatla-
tion, and maintenance of transmission systems with a
maximum of 3,600 speech channels, for measurements in
the lower multipliex range of single sideband radio link
systems, and of single telephone channels. Its remote
control facilities also make it suitable for use in
automatic measuf%ng systems.

As required by its intended application, the frequency
of the SPM-19 can be tuned, over the whole range, either
digitally with a keyboard or continuously, and with a
resolution of 1 Hz. The frequency can be stepped either
manually or automatically in preset steps, for example
to step from channel to channel. Up to 100 fixed fre-
quencies can be stored and recalled either sequentially
or in any required sequence for frequent measurements



at fixed frequencies., If required, further fixed fre-
quencies can be stored in a customer-specific PROM.
Regardiess of the type of frequency tuning, the built-
in'synthesizer provides high stability and accuracy of
the selected freguency.

The signal to be measured is either connected tg the co-
axial input (input impedance 75 0hm) or to one of the
two balanced inputs with frequency ranges of 50 Hz to
620 kHz (160 Ohm, 600 Ohm) and 10 kHz to 14 MHz (124 Ohm,
150 Ohm}; each of these inputs can also be switched to
high impedance. ‘

For high impedance, Jow capacitance measurements, the

test probe TK-11 or any other suitable test probe can

. be connected as required. In selective mode, levels
between -140 and +22 dB (-130 and +32 dBm) can be measured;
in wide-band mode, the limits are -60 and +22 dB {(-50 and
+32 dBm}. The measured level is displayed eitner digitally
withlgutomat1c range selection, with a maximum resolution
0.01 dB, or on an anatdg meter. In the éase of analog
display, the most suitable scale range of 1 dB, 20 dB or
80 dB can be selected with three pushbuttons for the
current measuring task. Range switching is carried out
“either manually in steps of | or 5 dB or automaticaliy
after depression of & pushbutton.

In order to obtain the maximum possible measuring accuracy,
the mitracomputer measures the total input level and ad-
Justs the input attenua{or and IF attenuator such that
measurements are always carried out with the most favor-
able settings. It is thus no longer neceséary toe fit the
_changedver switch “low noise/low distortion™, which has

previousiy caused some confusion.



In addition to measurement of absolute levels, the SPM-
19 permits simple measurement of relative levels. For
this purpose, a level which was previously measured
digitally is transferred to a memory as the reference
value and the difference between the measured value

and this reference value is displayed digitally or on

the analog meter for all subseguent measurements. In the
case of measurements in transmission systems, levels are
often not specified directly, but with reference to the
relative level (dBr) of a test point. In order to simpli-
fy evaluation of test results in such cases, the relative
level of the test point can be preset in 0.1 dB steps
‘and the result can then be displayed as a reduced level
in dBO (d8m0).

The pushbutton for the relative level is also useable
for setting any reguired reference value (e.g. for fre-

quency response measurements).

Various bandwidths are available for the various measuring
tasks. The pilot Ievel,Aresidual carrier signals or fre-
quency spectra are measured with the narrow 25 Hz filter.
Sensitive level measurements can be carried out with the

400 Hz bandwidth. A filter with a noise bandwidth of 1.74 kHz
can be cannected for weighted noise measurements in unused

or cleared speech channels at the CF level. A further posi-
tion of the bandwidth switch permits ievel measurements

with a channel bandwidth of 3.1 kHz. Finally, the noise

power of a 48 kHz primary group can be measured.

The built-in demodulator permits demodulation of single

sideband signals in the normal or inverted position. The
converted signal can either be assessed with the built-in
loudspeaker or extracted from the demodultator cutput for



further external processing. The demodulator is character-
ized primarily by a very wide dynamic range, which is
necessary, for example, for precise measurement of noises
or puise noise in converted speech channels. For assess-
ment of the transmission quality of telephone lines for
data transmission, phase jitter measurements can be
carried out. The weighting filter and the rectifier char-
acteristic for measurement of the peak to peak value
comply with CCITT recommendation 0.91. The phase jitter

is displayed either digitally or on a logarithmic scale

of the analog meter in the range 0.3 to 30 degrees. An
automatic level control, which makes manual calibration
superfluous, guarantees high measuring accuracy over the
wnole frequency range, a considerable reduction in the
measuring time, and a high Tong-term stability. The

level meter is thus also suitable for continuous monitoring
applications.

In addition to the above mentioned freguency settings,

the microcomputer control of the SPM-19 permits various

- other automatic frequency seguences. The automatic search
function, together with the rapid signal detector, is

a major aid in searching for interference or excessive
levels. The tuning oscillator is tuned until a signal
which exceeds a preset lTevel threshold falls within the
display range of the analog meter and stops the search,

At the same time, an automatic freguency control {AFC)
circuit is activated and tunes the oscillator precisely

to the fregquency of the input signal. The search can be
restarted again either manually by depressing a pushbutton
or automatically after the level and frequency have been
printed out. The search speed is matched to the selected
bandwidth. The AFC circuit can also be switched on for
normal level measurements with all bandwidths. This circuit



ensures that the oscillator remains correctly tuned over the whole

frequency range.

For selective level measurements over a line, for example in channel
gaps of the system during normal operation, an electronic circuit
which is activated in the mode "track" permits automatic tuning of the
level meter to the frequency of a sender with the same frequency
steps. '

The SPM-19 (BN 829/02) can be extended to form a panoramic receiver

by adding a display unit SG-2 or SG-3. Because of the phase continuity
‘during use of the sweep mode, the frequency range can be searched com-
oletely in all chosen operating modes, which means that all frequen-
cies present in the band can be clearly identified. The sweep facility
fitted in version BN 829/02 is characterised particularly by the fact
that the frequency sweep is carried out without phase discontinuities,
which means that precise measurements are possible even of objects
with extremely steep attenuation edges. The two limit freguencies can
be entered via the keyboard to match the application. The signal
generators PS-19 and P5S-19 are suitable as signal sources for the

sweep measurements.

The combination of PS$S-19/$PM-19 permits measurements with offset fre-
quencies, e.g. the testing of channei translators. Both types of meas-
urements are possible, either point-by-point or sweep measurements.

Many measuring tasks are particularly simple to solve if the user can
store complete equipment settings and recall them when required. De-
pression of a pushbutton (address selection) causes the unit to set up
all previously selected measuring conditions for & specific measuring
task. The supply voltage of the memory is buffered by a small battery
to maintain the stored data if the main supply fails or is switched
off.

A1l functions of the SPM-19 can be controlled by an external computer
which is compatible with the IEC bus via the optionally available in-
terface bus board. The unit can also be connected to an IEEE
bus (IEEE Standard 488) with an Adaptor IEC 625/IEEE 488, S 834. With
the aid further externally controllable peripheral units such as sig-
nal generator, measuring point changeover switch, or external memory
systems, powerfull automatic level measuring set ups can be construc-
ted for use in test departments or FDM monitoring systems;



The measuring point changeover switch MU-3 with a switching unit
MUE-31 and the IEC interface board can be used for automatic testing
of FDM modules with 12 channels {(channel converters). For measurements
at higher frequencies, the measuring point changeover switches MU-4
and MU-7 with interface boards are available. Instead of the interface
bus {(I£C 625) board, a printer interface for V.24/V.28 interface can

be fitted for recording the measured results in various print for-
mats.

Due to its excellent NPR value, the SPM-19 is suitable as a selective
receiver for measurement of intermodulation and basic noise on FDM
cable and radio link systems using the white noise measuring method.
An optional white noise program is available to permit measurement of
all noise parameters such as reduced noise power {(in piOp}, the
reduced noise level {in dBmlp), or the noise power ratio NPR {dB).

‘The test frequencies, in accordance with the recommendations of
CCITT/CCIR and INTELSAT, can either be entered via the keyboard or
stored in the 100 available fixed frequency positions of the RAM; they
can also be stored to customer's specifications in a EPROM. The test
modes and test frequencies are recalled from the mewmories by suitable
address selection. The measured values and the corresponding units are
shown on the digital result display. The measuring adapters RFI-5,
RFZ-14 {coaxial, above 10 kHz and 100 kHz, respectively) and RFZ-12
(coaxial and balanced up to 4.5 MHz) and SDZ-12 are available as meas-
uring accessories for return loss or unbalance loss measurements. For
apparent resistance and return loss matching loss measurements, the
Impedance Measuring Attachment SFZ-1 {300 Hz to 612 kHz) is

available.

The Relay change-over Switch RU-3 permits digital level difference

measyrements of higher relative accuracy.

The level meter can be switched from power level calibration (dBm) to
voltage level calibration (dB).

Inspite of the large number of functions, the SPM-19 is instalied in
a relatively flat case. The conneciions, controls, and displays are
arranged clearly on an easy to use front panel. LED's above or along-
side the pushbuttons signal the selected functions to the user. The
unit is available in versions for table-top use or 19" rack mounting.



Front and rear covers are available to protect the SPM-19 against dust
and splash water during transport and storage.

The selective level meter SPM-18, which is more simple and has no re-
mote control facilities, operates in the same frequency range as the
level meter SPM-19. The following summary shows the test set up struc-
tures of the series 18 and 19 and the characteristics of the two Tevel
meters.

Signel generator Level meter hAdditional unifs Characteristics

selective level meter with manual tuning

and frequency search facility.

. Mains connectivn; version for additional
PS-18 SPM-18 pattery connection through A.C. Iaverter
WR-450.

Option for SPM-18:

{P5-19, PS5-19)
Phase jitter measuring adapter,

Selective and wide-pand level measuremenis
Manual or automatic frequency tuning,
SG-2 irgquency search and tractking modes.

f\ 5G-3 Microprocessor control unit.

Display unit for sweep Anzlog and digita) level disolay

{
L
f
|
l
|
I
i
i
|
|
I
ii freguency measuremenis futomatic level caiibration;
i
l
|
|
|
i
I
|
|
|

For same transwmit and

PS5-18

phase jitter aeasurements

receive freguencies - . R
4 ; Memory for 100 fixed freguencies and 13

{5end section)

or SPM-18

complete set ups {freely programmabie}.
Computer Version with sweep section {BR 825%/02).
Remote contrel of all functions.

femote coniro? of the
test set up via [EC Gptions:

(IEEE} interface Interface buy {10 625 board for

rezote coniral

For same or different

P5-19

transmit and receive frequencies

Printer interface tor V.24/V.28 interface
Printer e X
Khite npise program.

Mdditiona) memary for fixed freguencies

frintout of freguency and 80 set ups in accordance with
and level via

Y. FAIV.PE interface cusiomer specifications.

Test set up structures of series 18 and 19
Frequency range (50) &80 Hz to 25 MHz







TECHANICAL DATA

FREQUENCY

FREQUENCY RANGE FOR SELECTIVE AND WIDE-BAND MEASUREMENTS

Coaxial input, 75 Ohm 50 Hz') to 25 MHz
Balanced input, 1247150 Ohm 10 kHz to 14 MHz
Balanced input, 150/600 Ohm 50 Hz'/ to 620 kHz
+)

For selective measurements below 2 kHz, the 25 Hz
bandwidth must be selected. The iower Timit frequency
for wide-band measurements is 2060 Hz.

FREQUENLZY DISPLAY. ... ... .. digital, B-decade,
with LCD
Reso Ut o, ot i e e e e 1 Hz

FREQUENCY TUNING

Digital with keyboard,

in frequency steps with direction keys, input of the
step increment with keyboard,

continuously with handwheel over the complete frequency
range,

switchable between coarse and fine tuning
Smallest freguency step, digital..l Hz

continuous, fine......... 1 Hz
coarse..... 100 Hz
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1.1.4

1.1.4.1

1.1.4.2

1.1.4.3

1.1.4.4

1-2

AUTOMATIC FREQUENY SEQUENCES

Frequency Search

Over the whole frequency range with stop by signal detector and auto-
matic fine tuning to the detected signal with AFC, search speed
matched to the bandwidth:

Bandwidth 3.1 kHz 1.74 kHz 400 Hz 25 Hz

Search speed 1 MHz/s 250 kHz/s 20 kHz/s 200 Hz/s

Auto Step

Automatic stepping of the tuned frequency in increments between
preset frequency 1imits.

Increments and frequency 1imits entered with keyboard,

Stepping speed adjustable BN 826/01 ........ 0.03; 0.1 ..oven. 3 300 s
BN 829/02 sevevnaae 0.1; 0.35 vinuns ; 300 s
Tracking

Automatic switching of the tuned frequency between preset frequency
limits by a frequency instrument as soon as the level indication dis-
appears, input of the increment and frequency limits with the key-
board.

Sweep Frequency Operation (version BN 829/02 only)

Sweep limits are set with the keyboard by entering either the start

and stop freguency of the center frequency and the deviation,

sweep sequence: periodic (triangular) or single sweep

Sweep duration adjuétab]e cererannresssneass Quly 0033 1 ooo.. 5 300 s

Additional facility ........ ssses.. Manual sweep and continuous search
with optimum search speed as
specified in section 1.1.4.1




L.

AUTOMATIC FREQUENCY CONTROL (AFC)

The capture range corresponds to the nominal bandwidth
of the selected bandwidth fiite% as specified in sec-
tion 1.4.1 (switched off in the case of 48 kHz).

The hold range corresponds to the frequency range
specified in section 1.7.1.

7
7

3 x 107
1 %x 107

ERROR LIMITS OF THE TUNED FREQUENCY...+
with optional accessory BN 865/00.03..+
The above error limits are valid for the rated operating
ranges of ambient parameters listed 1in section 1.9,
including aging in the first year.
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LEVEL

MEASURED PARAMETERS

Absolute level ) .

as power level (dBm), refer to 1 mW, or

as voltage level (dB), refer to 0.7746 V.
Differential level (dB) between an absolute level and
a stored reference level, Any\abso?ate level can be
stored as a reference level by depressing a pushbutfton.
Reduced level (dBmO or dBO)

Additional features with optional accessory
BN 828/00.02 or BN B29/00.03

- reduced noise level (dBmOp)

- reduced noise power {pW0lp}

- noise power ratio NPR (dB).

RESULT INDICATION, RESOLUTION, RANGE SELECTION

Result Indicat€0n+), switchable....... digital or analog
Digital display....... ... ...... LCD with 5 digits and sign
Analog display....Meter with switchable ranges and digital

indicaticon of the level value for 0 dB
meter indication.

Ranges of the meter: 1 dB scale...... -1.5 to +0.3 dB
' 20 dB scale...... -20  to +2 dB
80 dB scale...... -30 to +0 dB

+) Noise signals such as the sum level of active CF
systems, thermal noise, or intermodulation noise
result, due to the rectifier characteristic, to
practically the same indication as & sinuscidal
signal with the same RMS value. Crest factor: 12 dB.



1.2.2.2

1.2.2.3

Resolution of the Digital Display

Selective mode, indication averaging On ...ecsesnsvsssnnssenes 0,01 dB
indication averaging off icieiiiirionncanssnras 0.1 dB
Wide-band mode +..... CisssermessssssaneasensratenarEraraaatran 0.1 dB

Levels which cause wide variations of the indication, for example due
to overlaid interference signals or to insufficient ¢ffset from the
intrinsic noise, are displayed with a resolution of 0.1 dB, even if
indication averaging is switched on.

Range Selection

For digital display: Automatic with overdrive monitoring of the
wide-band section during selective measure-
ments.

For analog display: Single automatic cycle on depression of & push-
button with overdrive monitoring of the wide-
hband section for selective measurement of manu-
ally with the range switch in 1 dB or 5 d8B
steps, depending on ithe selected range of the
meter.

In addition to remote control:
Adjustment of the measurement range in 1 dB steps, with the choice of
the wide-band drive signal from 3 modes:

low noise, normal, low distortion

Dynamic range in the selected range ..vcivversranvennsaaasenas + 10 dB
(over- and under loading are indicated)

For very fast measurements, the short averaging feature permits a
measurement to be made even when the receive section has not fully
settled.
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1.2.3.2

1.2.3.3

i-6

MEASURING RANGES

Absolute Level

Input Selective mode Wide-band mode

dBm dB dBm dB
Coax. 75 ¢ -130 to +32 ] -140 to +22| -50 to +32 | -60 to +27
Bal. 124/1500]-120 to +22 | =130 to +22| -40 to +22 | -50 to +22
Bal. 600 0 -130 to +22 -50 to +22

Reduced Levél: According to the range of the absolute

level specified in 1.2.3.1 for relative
clevel (resolution 0.1 dB): -120.0 to +30.0 dBr

Reduced Noise Level (dBmOp) and Reduced Noise Power (pWOp)ﬁ

According to the range of the absclute

level
lTevel

AUTOMATIC LEVEL CALIBRATION

Automatic Tevel calibration is carried out every twn

specified in 1.2.3.]

{resolution 0.1 dB):

for relative
-50.0 to +10.0 dBr

minutes and whenever a parameter is changed such that

an error in the

level

indication could occur.

In selective mode, the frequency of the calibration

signal follows the tuning of the receivers; in wide-

band mode, the calibration frequency is fixed at 10 kHz.

¥} 1 pWop = -

90 dBmOp



1.2.5.1

For measurements in which the measuring sequence could
be disturbed by insertion of a calibration cyctle, such
as sweep frequency measurements, the automatic level
caiibration can be switched off,

BASIC INTERFERENCE

Intrinsic Noise Level when the measuring input is termi-

nated with Z, with a bandwidth of 25 Hz, for total sig-
nal level < -50 dBm (-60 dB):

Input Intrinsic noise level in dBm (dB)

Coaxial, 75 Ohm =-10% =-125 -130
E(-115) E(-135] (-140)

Balanced 124/150 Ohm - -125 -
(-130)
Balanced 150/600 Ohmi -100 -120 -
(-105) {(-12%)
200 Hz 3 kHz 10 kHz 620 kHz 14 MHz 25 MHz
Increase for ofher bandwidths:
Bandwidth 400 Hz 1.74 kHzi 3.1 kHz | 48 kHz
Increase with respect
to B = 25 Hz & dB | 12 dB 15 dB 27 dB

For a total signal level > -50 dBm (> -60 dB), the

intrinsic noise level rises, corresponding to a signal-

to-noise ratioc of approximately 80 dB for all bandwidths
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1.2.5.2 Interference Level of Discrete, Non-harmonic Signails

Synchronous {varying as receiver is tuned)..... <=-150 dBm
{-160 dB)
Tunable {not varying as receiver is tuned)..... <-120 dBm
(=130 dB)

1.2.6 HIGH-SPEED SIGNAL DETECTOR FOR RAPID SIGNAL DETECTION,
ACTIVE CONLY WITH ANALOG DISPLAY

The threshold referred to 0-dB meter indication

on the 1 dB scale................ approximately -1.2 dB

on the 20 dB scale............... approximately -15 dB

on the 80 dB scale (for search only)...approximately -40 dB

1.2.7 ERRORS OF THE LEVEL INDICATION

Unless otherwise stated, the specified error Timits are
valid for the nominal cperating conditions shown in
section 1.9, with automatic level calibration on, with
the input supplied from a source with an internal imped-
ance Z, and with the test input terminated with Z. Level
errors caused by the reflection factor of the input im-
pedance are thus included in the error Timits,

1.2.7.7 Error Limits in Selective Mode (included in the tctal error)

Error limits for 0-dB (0dBm) input level

with digital display and indication averaging or with
analog display (1 dB scale), for bandwidths 25 Hz to
3.1 kHz at (23 + 3) “C:
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1.2.7.2

inpu@ Evror 1imits/d8

Coaxial 75 Ohms £ 0,503 0.12 £ 0.0
Balanced 124/150 Ohms - £ 1.0 +0.20 -
Bajlanced 15G/600 Ohms| + 1.0+ 0.20 + d.15 + 0.20 —

i ¥
50 Hz 200 Hz 2 kHz 10 kHz 60 kHz 100 kHz 620 kHz 14 MHz 25 MHz

Extension of the error Timits 1.2.7.1 for any input level with
> 35 dB above the basic interference
specified in 1.2, 5. . i e e + 0.08 dB

Average temperature coefficient in the

nominal operating range of the ambient
temperature, referred tao 23 R VP + 0.006 dB/K

Variation of the supply voltage within the nominal cperating
range causes no noticeable indication change.

Total Errors ¥ (Combining of the partial errors according to 1.2.7.1)

in the nomwinal operating range of the ambient temperature
for input levels > 35 dB above the basic interference
specified in 1.2.5, with digital display and indication
averaging or with analog display (1 dB scale), bandwidth
25 Hz to 3.1 kHz.

(For digital display with indication averaging off, the
values in the table below are increased by the rounding
error corresponding to the reduced resolution, as speci-
fied in 1.2.2.2).

* see also page 1-¢28
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1.2.7.3

Input Error Yimits/dB

Coaxial 75 Ohms +0.5% . 0.2

Balanced 124/150 Ohms — +] 0.3 —

Balanced 150/600 Chms|+ 1%%)

+ £.25 + 0.3 —

T T

I
50 Hz 200 Hz 10 kHz 60 kHz 100 kHz 620 kHz 14 MHz 25 MHz

x) For input levels -65 dB (-55 dBm) to +22 d8 {+32 dBm)
xx) For input levels -55 dB (-45 dBm) to +10 dB {+10 dBm)

Additional error added to the table values above

For 48 kHz bandwidth veveneenervniernennnnaenanes R cevens + 0.5 dB
For analog display, 20-dB-scale (-5 to +2 dB) vuvvevenenncnen + 0.2 dB
80—dB-S{:a1e LR N L A O L T I IO I ) i 2 dB

Additional error added to the table values above if the reduced noise
Tevel or reduced noise power is displayed cvvnierennernanuaas + 0.7 dB

For digital display with switched off indication averaging,
the tabulated values raise by the rounding-off error of the
decreased resolution, according to para. 1.2.2.2.

"Additicnal error for shortened indication averaging

{only with Auxiliary Device BN 853/02) ...... Ceteteieaeneeas + 0.4 dB

Frequency Response of the Level Indication

referred to f = 10 kHz (100 kHz for 124/150 @ input}, for input levels
= 35 dB above the basic interference specified in 1.2.5, for ambient
temperature of (23 + 3)°C, with digital display and indication
averaging or for analog display, bandwidth 25 Hrz to 3.1 kHz.

(For digital display with indication averaging off, the table values
are increased by the rounding error correspending to the reduced
resolution as specified in 1.2.2.2).



Automatic level calibration on

Input Error 1imits/dB
Coaxial 75 Chms + 0.081 + 0.06
Gatanced 1247150 Ohms|  — AL + 0.20
Balanced 150/600 Ohms + 0.15 + 0.20. —

Automatic level calibration off (version BN 829/02 only)

B T ! T T
200 Hz 2 kHz 60 kHz 100 kiz 520 kHz 5 MHz 14 MHz 25 MHz

Finput Error Yimits/dB

Coaxial 75 Ohms +0.12 +£0.08 =0.15
Balanced 124/150 Ohms e x0.15 +0,25
Balanced 150/600 Ohms +0.15 +0.20 —

T T 1 T
200 Hz 10 kHz 60 kHz 100 kHz 620 kHz 5 MHz 14 MHz 25 MHz
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1.2.7.4

1.3

1.3.1

1.3.2

1.3.3

1-12

Total Error in Wide-band Mode

within the nominal operating range of the ambient temperature, with
digital display

input . l Error limits/dB

CeaxéaT 75 Ghms | - +0.5

Baltanced 1247150 COhms, — +0.6 £0.,7 e
Balanced 150/600 Ohms +0.5 ‘ _ "“"“

T : 1 1 '
200 Mz 60 kMz 620 kHz 5 MMz 14 MHz 25 MHz

PHASE JITTER

The weighting filter and the rectifier characteristic for measurement
of phase jitter (peak-to-peak value) comply with CCITT recommendation
0.91. ' '

For measurements with the test tone zozojxﬂzo Hz in the speech channel

gr in a CF channel, the receiver must be tuned to the center of the
channel; otherwise, it is tuned to the test signal frequency.

MEASURING RANGE

Phase jitter is indicated digitally or on the analog meter
Indicalion range .eeeeuioreesransssssnnsessan tesesssearssess U3 to 30°
Resolution of the digital display ...... Crrersee e veees Max. 0.1°

ERROR LIMITS OF THE INDICATION

at 150 Hz jitter frequency and signal level

2 -60 dB (=50 dBM) seiiiiiiiiiannnanes beessesasasesnraanans +10% +0.3°
{The most favorable level range is automatically selected and an error
indication is provided if the signal level is too low).

QUTPUT FOR DEMODULATED PHASE-JITTER SIGNAL (WITH SERIES D)

During the jétter measurement, the demodulator output has the
demodulated phase-jitter signal applied to it.

Output signal proportional to meter reading Level

for 30° reading with 600 Q 10ad tivereinnrainnennenasns approx. -14 dB



1

1

1

1.

LA

L4

4.2

4.3

CA4L3.

SELECTIVITY AND HARMONIC RATIO

SELECTIVITY, SWITCHABLE:

Nominal value (3 dB bandwidth)| 25Hz | 400 Hz |1.74 kHz| 3.1 kHz 48 kHz *)

Equivalent noise bandwidth - 400 Hz |1.74 kHzi 3.1 kHz | 48 kHz

Offset from filter > 50 d8 | £B0 Hz — + 35 kbz

center for attenuatio
MATION . 60 dB [+ 250 Mz | £ 2kHz | £2kHz | +2kHz | —

+) The specified filter characteristics are achieved by
sweeping the tuned frequency over a 48 kHz band and
integration of the input signal spectrum which falls
within this band.

IMAGE FREQUENCY AND IF SUPPRESSION.............. > 70 dB
DISTORTION PRODUCTS

for basic frequency level < 0 dB (+10 dBm) with automatic
range selection or with manual range selection and 50 dB

sensitivity above the measuring range of the basic fre-
quency level.

Harmonic Distortion Products aKZ and aK3 for

Lecad in the frequency range > 3 kHz....... e > 80 dB
> 300 Hz, bandwidth 25 Hz
............. > 70 dB



1.4.3.2  Non-harmonic Distortion Products ..eee... A, = 80 4R

1.4.4 NOISE POWER RATIO (NPR)

when loaded with a noise band signal 0.3 to 12 MHz.

Wide-band level -25 to +10 dBm, noise gap with B s = 20 kHz
anywhere in the band, measuring bandwidth 1.74 kHz and automatic
measuring range selection or manual range selection and 70 dB
increase of sensitivity with respect to the range of the wide-band

sum Jevel veiirniiiirrnnenann. cerrrvaaa teeesans ... approximately 60 dB

1.5 MEASUREMENT PERIODS

The following specifications are guide line values, with which the

measurement periods are sufficiently described for practical

measurements.
1.5.1 Level measurements with autoranging, automatic calibrator switched off
Bandwi dth 25 w2t | 00 w2 v izt | 31 ket | Widebane
normal {OFF} { 0.6 s 0.4 s 0.4 s 0.4 s 0.4 %
Averaging:
long (ON) 1.8 s 1.5 5 1.5 s 1.5 5 0.4 s
1.5.2 Level measurement with adjustment of the measuring range and the wide-
band drive signal via an IEC/IEEE~Bus. Automatic calibration switched
OFF:

(with version BN 853/02)

Bandwidth 25 Hz 400 Hz 1.74 kHz 3.1 kHz a8 kHz
short ©) 100 ms | 20ms | 20 ms 20 ms -
Averaging:
normal {(OFF } 500 ms 150 ms 150 ms 150 ms 350 ms
Tong {On) 1.5 s 1.5 s 1.5 s 1.5 s 350 ms

1) The specified measurement periods are valid for levels with

HA

50 dB separation from the signal loading level. With separations
> 50 dB, the values are Tengthened through the linearity check by
1 s + 300 ms/5 dB.

2) measured with not completely settled receive section
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1.5.3

1.5.4

1.5.5

i.6

1.6.1

1.6.2

Lengthening of the measurement periods when automatic calibrator
switched ON: '
(the bracketed values are for input level £ -10 dBm/dB)

Bandwidth 25 Hz | 400 Hz/1.78 kHz/3.1 kHz | 48 xHz [WIDEBAND
normal (OFF)} &g o) {égg g:} {ggg 22) 600 ms
Averaging:
long (ON) {% H 0 ??Us?s . 600 ms

Phase jitter measurement: .coveessesssesssnsscassranss Seressasenns v 38
Data transfer, transfer time per character ...eeveseaass PN B 13
INPUTS
COAXIAL INPUT
can be converted to all common sockets civvevacans System Versacon(:>9
Frequency range ceescvececesecersassss Crsresrssriensana 50 Hz to 25 MHz
Input impedance, switchable £0 7 cciirennssnvninseccasonnsnssssnas 75 Q

or high impedance ...eveeeen.. Ceretrereaseaaanens veeesZ 10 kQ 160 pF
Connection attenuation with high input impedance

f =200 HZ to 1 MHZ vvvnnvnnnnnn Cerereaaeaes cerees Ceeans . 0.05 dB
BALANCED INPUT 124/150 Q veevnnorovssanssnesosnsnncss 3-pole CF socket
FreGuency range .uveeeseassesecsssssassvsnsnsnsacsanas 10 kHz to 14 MHz
Input impedance, switchable to 7 .......... fesrasteiirines 124 Q, 150 @

or high impedance weeevesevavsoroscesssssosaas 210 k@ Hl1o mHil 20 oF
Connection attenuation with high input impedance

f = 60 kHz t0 620 KHZ wusveerosersnnnnescensassassnncnsnan = 0.05 dB
Stgnal balance ratio, in accordance with CCITT recommendation
0.121 f = 60 kHHz 0 5 (14) MHZ covvruvnonnnnsssasasnnes £ 40 (2 30) dB



1.o.&

1-16

BALANCED INPUT 150/600 OHMS.............
FreqUency range . . . ... i cenanssn
Input impedance, switchable to Z........

or high impedance.................

Connection attenuation with high input i
f = 500 Hz to 300 kHz.............

Signal balance ratio, in accordance
with CCITT recommendation 0.1271...

MAXIMUM PERMISSIBLE INPUT VOLTAGE FGR AL
Overioad limit when terminated with Z...

DC input voltage with high impedance

= a1 N - e I T ¢ O

3-poie CF socket

50 Hz teo 620 kHz

158 Ohms, 60C Ohms

> 10 kGhms || 2.5 H || 80

mpedance
< 0.05 dB

= 40 dB

L INPUTS

Ve <100V

V < 60V
< 60 V

With the unit switched off, the #nputs have high imped-

ance, |

ADDITEONAL INPUTS AND OUTPUTS

INPUT FOR EXTERNAL STANDARD FREQUENCY

Connection socket........... ... ...,
FregUeNn CT S st i i it e et e s bt ns e ey
Necessary Tevel .. ..ot i i i i i eennns
Input impedance. .. ... ... .. ...

DQUTPUT FOR STANDARD FREQUENCY
Connectioﬁ socket.. ... i io o

FregUEN CY . o e e e e e e e et e e e
Qutput tevel into 75 Ohm load..........,

System VersacenCD 9
1,2,5 or 10 MHz

-20 to +0 dB

75 Ohms
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QUTPUT FOR TUNED FREQUENCY

Connection socket. ... ... ... System Versacon<:)9
floating

For control of ... .. . e PS-18.P5-19,P55-18

Freguency range. ... ..u v nnennennn. 40 to 65 MHz

JQutput tevel dnto 75 Ohm Jeoad........... -15 dB + 4 dB

IE QUTPUT

Connection socket.. ... .. oo Systen Versacon£:>9

Cutput frequency when tuned to

center of band........ ... ... ..., 10 kHz
Output level proportional to meter indication,
Level for 0-dB indication into 606G Ohm

oA, i e e e e e -10 dB
Y-OUTPUT VOLTAGE (DC) ..o 3-pole CF socket
BC output voltage proporticnal to meter indication,
Open ¢ircuit voltage for full scale deflection...... +5 V
Internal impedance. ... . ... 5 kOhms
A-QUTPUT VOLTAGE (DC) ... v 3-pole CF socket

DC output voltage proportional to freguency
within the start and stop frequency limits,

Open circuit voltage at start frequency............. -2.5 ¥
at stop frequency ............. +2.5 V

Internal impedance. . ..... ..., 5 kOhms

DEMODULATOR QUTPUT . ... i 3-pole CF socket

Single sideband demodulation, switchable to normal or inverted

position, frequency position of converted channetl
when tuned to center of channel......... 0 to 4 kHz



Frequency response in the range 0.6 to

3.4 kHz, referred to 2 kHz........ + 1 dB
Adjacent channe]
attenuation . . ... ... . L., > 60 dB

Gutput level proportional to meter indication
Ltevel for 0-dB indication into 600 Ohm
Toad. e approx. 0 dB

Psophometrically weighted intrinsic noise at the demodu-
Jator output when the relative level is adjusted
in the range -50 to +10 dBr, at f > 100 kHz,

L = 75 0hms. .o, ~70 dBm

Intrinsic phase jitter (in accordance with CCITT
recommendation 0.91).............. < 0.3 ©

Built-in loudspeaker with adjustable volume.

1.7.8 DISPLAY UNIT CONNECTION SOCKET
for X,Y, and compariscn line voltages. Control input
for switching the meter for display of the comparison
Tine voltage of the display unit. A TTL signal for
control of the pin 1ift of an X-Y plotter is also avail-
able,

1.7.9 (IEC 625) INTERFACE (WITH OPTIONAL ACCESSORY BN 853/02)
for remote control of all unit functions.

L7010 DIGITAL INTERFACE

for control of two additional units such as PSS-19, P5-19 or RU-3



1.7.11

1.7.12

1.8

1.8.1

1.8.2

1.9

1.9.1

POWER SUPPLY CONNECTION FOR TEST PROBE TK-11
PR A N N R NN NN RN BN L I NN ShO!"t*C'iY‘CUlt pTOOf
with automatic basic attenuation compensation of .....va.an eesss 10 dB

TRACKING GENERATOR OUTPUT (SERIES D ...)

Connector coveevescnnsanens L A R <11 Versacon(:)B
FreqUency Tange «seeeeseessscsssssesssseassnssesnsess 200 Hz to 25 MHZ
Output impedance ..oeeevesas teteasien Cisesesamearreras veerssenenes 150

Output level into 75 Q load, fixed .vvveues (=19 + 1) d8/{-10 + 1} dBm

MEMORIES FOR FIXED FREQUENCIES AND UNIT SETTINGS

NUMBER OF FIXED FREQUENCIES

freely programmable *) ....eevieanss teresearsessrrens Cerseaaens .o 100
preprogrammed (optional accessory BN 829/00.03) .....cvvvvuenenn v 100
The fixed frequencies can be set automatically by one address step as

described in sections 1.1.4.2 and 1.1.4.3.

NUMBER OF EQUIPMENT SETTINGS

freely programmable *) ...eveeverecsnnnerasanscnnonns tiaesearasane . 11
oreprogranmed (optional accessory BN 829/00.03) ........ Creeeiainas 40

*} Maintenance of stored data in the case
of mains failure ..vveeieanns veseasnua crearann esvees approx. 30 days

POWER SUPPLIES AND AMBIENT CONDITIONS

A1 error limits specified in the preceding specifications are
applicable for the following nominal eperating ranges of the
parameters, unless otherwise specified.

POWER SUPPLIES

Mains voltage range without switching,
nominal operating range «...e.. rranes ceasan Cereassisrreans 9 to 261 V
Mains frequency, nominal operating range ....... ceeeeras 47.5 to 63 Hz

1-19
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Current consumption Ir ............... approx. 1 A

ms
Power censumption. . . approx. 50 W
Protection class in accordance with
TEC 348 and VDE 04171............ .. i
Warming up time............ . ... ... .. ... > 15 min

OPERATING CLIMATE

Permissible ambient temperature

Nominal operating range................. +5 to +40 °¢
Storage and transport range.. ..., -40 to +70 ¢
Radio frequency interference

suppression..... in accordance with Vfg 526/1979 of

the Federal German Post Office

DIMENSIONS, WEIGHT

Welght. oo approx. 21 kg

Overall dimensions without cover (W x H x D in mm) :

Table-top unit... ... ... ... . . ... 477 x 199 x 437

19% chassis (DIN 471 494)................ 443 x 175 x 377
_ (4 units)

19" conversion kit.... ..., BN 700/00.,04

OPTIONAL ACCESSORIES

STANDARD FREQUENCY OSCILLATOR, BN 865/00.03
with increased accuracy................. + 1 x 107



1.11.2

1.11.2.1

1.11.3

1.11.4

1.12

1.12.1

WHITE NOISE PROGRAM AND FIXED VALUE MEMORY BN 829/00.03

for measuring the idle channel noise of all common systems up to

3600 channels with indicaticn of the noise as

- noise power ratio NPR in dB,

- reduced noise level in dBmOp, or

- reduced noise power in pWOp.

In addition, 100 fixed fregquencies and 40 equipment settings can be
programmed in accordance with customer's specifications {ask for order
form number 5/784 a, b).

White Noise Program without fixed value memory BN 829/00.02

IEC 625) INTERFACE BUS BOARD BN 853/02

for control of all unit functions.

PRINTER INTERFACE BN 905/01

can be fitted instead interface board BN 853/02 in SPM-19. Printers
with V.24/V.28 interfaces.
Printout of mode, instrument parameters and measured results.

MEASURING ACCESSORIES

TEST PROBE TK-11, ACTIVE TEST PROBL (SERIES D...)
Frequency range caveeicessesnsossassens rrensanaes veess 2 kHz to 160 MHz

Input ltevel
Maximum permissibie AC voltage ......... everees 1V oor +20 d8m (+2 dB)
Maximum superimposed DC voltage ........ Cesprssaasasresstones eees B0V

Attenuation when terminated with Ri Ra = 75 @ at 100 kHz
and 2070 vevecineriianiennns seaseas Wt resasrssasavan ee.s 10 dB j_O.l dB
{with automatic gain correction in SP¥-19).
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Affects of ambient temperature on attenuation
within the nominal operating range...... ~ 0.05 dB

Frequency response, referred to

100 kHz, up to 100 MHz............ < 0.2 dB
up to. 160 MHz............ approx. 0.2 dB
Input impedance up to f = 25 MHz........ approx. 50 kOhms | 3.5 pF*
' up to f = 100 MHz....... approx. 5 kOhms || 3.5 pE*
up to ¥ = 160 MHz....... approx. 2 kQOhms H 3.5 pF*

Intrinsic harmonit ratio for input Wéveis'é 0 dB....... SR

a, 2 40 dB, a4 2 5 dB
for input Tevels < -20 dB......... Ao 2 60 dB,
a3 2 70 dB
Power supplies. ... iii i e from SPM-T19
Permissfble ambient temperature
Neminal operating range................. +5 to +4OIGC
Storage and transport range............. -40 to +70 °c
Standard accessories:
Connection to unit being tested......... Test prod and ground
clamp with prod
Receiver connection........ .o, Element of the Versacon(®
system [pin contact)
Optienral accessories:
Versacon 9 adapter: S 222
Elements of the VYersacon 9 system
Welght. .. e e e 150 g

* The capacity is valid for the TK-11 without adapter to Versacon(:)9



1.12.2

1.12.2.1

Dimensions, in mm, with test prod....... @ 11 x 105
TEST PROBE TK-12 WITH POWER SUPPLY UNIT TKN-12

The power supply unit TKN-T2 is necessary to supply power
to the test probe. The level meter is operated in the high
impedance position.

Test Probe TK~12

Frequency range, unbalanced............. 200 Hz to 18.6 MHz
balanced (with CF plug S 804)..... 200 Hz to 2 MHz

Input Tevel

Maximum measurable Tevel................ 0 dB
Maximum permissible AL voltage Vrms ..... 10V
Maximum permissible DC voltage..........42 YV
Gain, adjustable. ... .o $ dB
Temperature coefficient of gain......... approx. 0.02 dB/10 °c

Intrinsic frequency response of the probe, referred to 1 MHz

Unbalanced 300 Hz to 2 MHz....... ... ..... < + 0.05 dB
200 Hz to 2 MHz..............< + 0.1 dB
200 Hz to 4.5 MHz............ < + 0.2 dB
200 Hz to 18.6 MHz........... < + 0.45 dB

Balanced 200 Hz to 2 MHz....... ... ..., < + 0.1 dB
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Input impedance

Unbalanced, real component in 10 kHz.
Input capacitance..............
Balance, real component at 10 kHz....

Input capacitance..............

Harmonic ratio for %2 and k3

Input level 0 dB and f = 20 kHz......
Input lTevel 0 dB and f = 6 MHz-......
Symmetry

Rejection factor in the range 200 Hz

to 2 MHz .. L e

Measured in accordance witﬁ CCITT
recommendation 0.12]
Common mode rejection in the range

200 Hz to 2 MHz. ... .. . ... ...,

Standard accessories:

Connection to unit being tested......

ground clamp or element of the

Receiver connection ... ...

or TKN-12

Uptional accessories:......v.euveunnnn

Dimensions with test prod in mm......
Weight of the test probe TK-12.......
Cable Tength. ... .. . . ..

so.approx. 1 MOhm
...approx. 15 pf
...approx. 1 MOhm
...approx. 25 pfF

...lest prod and
Versacon 9 system
...T0 match SPM-19

...approx. 1.2 m



Power supply for TK-12............ PP Probe power supply

unit TKN-12
P.12.2.2 Power Supply Unit TKN-12

Mains voltage...... oo innnennn. Y16/117/7127/220/227/235
+10 %, -15 %

Mains frequency... ..o i s 45 to 65 Hz

 Power consumption...... .o i i, approx. 7 VA

DC'output voitage, short-circuit proof. .24 V/80 mA

Dimensions, w x h x d in mm............. 110 x 506 x 150

MEei gt «ove e, e 850 g

Receiver connection for TK-12........... Element of the VersaconCDQ

system (pin contact)

General Data

Permissible ambient temperature

Nominal cperating range............. ...+ 10 to +35 ¢
Maximum operating range................. 0 to +45 °C
Storage and temperature range........... -25 to +60 °¢

1.12.3 REFLECTION FACTOR MEASURING BRIDGE RFZ-14

Frequency range.. ..o .. eeenenenennnnn. 100 kHz to 100 MHz
Rated impedance........ ..., 75 Ohms

Insertion loss with Zx connection open..approx, 8 dB
Frequency response in the range 300 kHz

to 60 MHz. .. .. . i approx.+ 0.5 dB
Reference impedance...........ovvun... Built-in
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Error limits after calibration, with plug connector BNC,

TNC, or 1, 6/10

300 KHZ £0 60 MHZ..... . oeeovrrerernnnon. 0.007 + 0.10 r°
100 kHz €0 100 MHZ. .. .vvrerrine e, 0.015 + 0.13 ¢°
Permissible input ﬁewer ................. 0.5 ¥

Connections for transmitter and
ol T e Universal socket
| Versacon R 9
fonnections to unit being . tested........ Universal _socket
Versacon 9

Optional connections...... . oo, BNC; TNC; 1, 6/5,

2, 5/65 1, 6/10
Dimensions, w x h x d in mm,
without connections.... v ven.. 54 x 33 x 27
ADAPTER FEDA-1 (75 Ohm/50 Ohm)

The data are valid for the adapter without connecting
elements at an ambient temperature of 23 °¢ + 5 °c.

Impedances. .. it e e 75 CGhm/50 Ohm
FrEQUENCY TaANUE. 4t v ittt oo e 0 to 160 MHz
Attenualion ... ... i it & dB

Error Timits of atienuation............. + 0.1 dB
Reflection factor.... ... . ... < 0.01
Maximum Toad. .. ...t < 1 W

Maximum permissible ambient temperature
at rated Toad.. .. ... . 0 to +45 °¢

6,
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Storage temperature .coeecessonss Preeesss tesaenrenaanea -55°C to +60°C

Socket adapters

75 Q 57de viierisnnnns sees 2, 5/6 (F) or 1, 6/10 (M/F) or BNC (M/F) or

N-connector (M/F)
50 0 side vvvnrrnianins ereerrerreenas BNC (M/F) or N-connector {(M/F)
Weight ..... et et e 50 g
Dimensions without adapters, 1 x d in mm ...... e ideaeeeaen 47 x 16

Abbreviations: (M) = male connector; (F} = female connector

RELAY CHANGEOVER SWITCH RU-3, BN 323/02 {Series Nooo)

Frequency range ceoeisesseessscineessenonss freseevaraae d.c. to 100 MHz
Connectors, coaxial ...eevns heeens weses. Connector system Versacon 9
[mpedance ....ovvuusnn Y eesesasrecanaraaas 75 Q

Return Toss of inputs and outputs
Wwith the connectors {as chosen) 1.6/10; BNC, TNC; 2.5/6; 1.6/5.6

in frequency range d.c. to 15 MHz ....covianinn N 2 (.015
in-frequency range d.c. to 36 MHZ «oiiievviiinnnniiniaiinnny £ 0.03
Difference of insertion loss of the two channels covevsnnss . F0.02 dB
Insertion Toss f = 0 1o 36 MHZ. .. i i e = 0.05 dB
Difference between insertion loss
of the two channe}s,“ ................................. T, = (.02 dB
Teglation between both channels £ = 80 to 60 Mz ... ... o i aty > 95 dBi
Digital Interface, for controlling
through SPM=10. . . 24 pol. Ampheno]

female contact
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NOTE

1)

The above-mentioned error limits take into account the affects of

the basic receiver noise up to a signal-to-noise ratio with respect

to the measured signal of = 35 dB. If the signal-to-noise ratio is

less than this, the same error iimits can be used if the following

correction value is taken into account. Te do this, the difference

AL between the signal to be measured L

S

cr the measured value in-

dicated by the receiver LS+N and the receiver indication 1_N of

the intrinsic noise level must be determined. The curve ec on the

graph below shows the indication error, which is always positive.

If the ocutput level of the genefator PSS5-19 or PS-1% is indicated
with remote control by the receiver, the specified error limits are

increased by the value a for signal-to-noise ratios =35 dB, as

shown by curve B.
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1.13

ORDERING INFORMATION

Level meter SPMuXQ*

Level meter SPM~19*

with sweep frequency section
Accessories (at extra cost)

Higher frequency accuracy + 1 x }0—7
White Noise Program

White noise program and fixed value memoryz)
Interface Bus Board

with Adapter plug IEC 625/IEL 488 (S 834)
Alternatively:

Printer Interface V.24/Y.28

Measuring accessories (at extra cost)
Test Probe TK-11 (with test prod)
Versacon — 9 adapter
Probe TK-12
Power supply unit TKN-12
8alanced plug for TK-12
Refiection factor measuring adapter RFZ-53)
Reflection factor measuring adapter RFZu123)
Reflection factor measuring bridge RFZ-14
Signal balance ratio measurimg adapter 5027123)
Impedance Measuring Attachment SFZ-1
Adapter FEDA-1 (75 Q/50 Q)
Display unit SG-2 {screen size 85 mm x 120 mm)
Display unit SG-3 (screen size 150 mm x 210 mm)
Display unit inserts see
Relay Changeover Switch RU-3
Printer TREND 800 RO &
Connection cable for (JEC 625) interface bus
120 cm long
200 cm tong

BN

BN

BN
BN
BN

BN

BN

BN

829/01

825/02

865/00C.
829/00.
829/00.

853/02

905/01

573/00

S 222

BN
BN

574/00
623/C0

S 804

BN
BN
BN
BN
BN
BN
BN
BN

SG-

BN

++

394 /00
81G/01
830/00
811/01
385/04
319/00
429700
593/00
2/5G-3
323702

K 343
K 344

03
02
03

01
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19" conversion kit for SPM-19 8N 700/00.04

Front and rear covers for SPM-19 {1 set) sD-4
Equipment case TPK-4 BN 626/10
Transport case TPG-4 BN 621/04

+) Equipped with the basic 75 Q socket Versacon(gjg and with BNC
element. Other elements must be specified when ordering the
equipment - see data sheet for Versacon R 9,

2) The required fixed frequencies (e.g. for the white noise program)
and equipment settings must be specified with ordering form No.
5/784 a, b. The white noise program for the SPM-19 requires no
specification.

3) See the data sheet for measuring adapters for further
specifications. .

++) See data sheet TREND 800 RO for ordering details and data.

INFORMATION SUBJECT TO CHANGE WITHOUT PRIOR NOTICE
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REMARKS TU

THE ERRORS SPECIFLED [N THIS OPERATING MANUAL

feturn LoOoss

The effect introduced by the return loss of the re-
ceiver input or the generator output is included in
the error specified for the level reading of a re-
ceiver or the output level of a generator.

Maregver, the specified error takes into account
that 2 level meter is operated as "terminated" (in-
put impedance = source impedance = 7_}, This is

also valid for a level generator (ougput impedance =

Yoad impedance = ZO).

Bridging Loss

A receiver operated in the "high impedance”
{bridgirg) mode introduces a level error due to the
finite input impedance. Tne error's maximum value
when measured at a testpoint of source impedance 7/2
is expressed as g, the bridging loss.

Lo
SRE A

Voi(%) Zol| (;)ih1

The oridging loss is defined as follows:

Bridging loss g * LZ - Ll

a = 20 g

1 +,é? 7+ ‘

is the level difference
level meter input
With Ze.

Therefore, the bridging loss
caused by the high impedance
hridging a system terminated

In every case, Zin B ZQ, which results in:

2 4.3 EEL

L.
i

ag [dr]

n
For that reason, the specified value of a, , rela-
ted to the value Z, {e.q. 600 Ohms) can bg‘éas€1y
recalcuiated to yiéid the value of az o for the

value ZE {e.g. 900 Ohms): ’

Iimpedance halance ratic
The specifications given for the input or ocutput nal-
ance are provided by the methods defined in {CITT

Recommendation 0. 121.

This same Recommendation states thatl:

"The signal balance ratio is an overall measurement
of the symmetry of & device and ingludes the influ-
ence of the impedance balance ratic as well as the
influence of unwanted Yongitudinal voltages produced
by a generator or the influence of the common-mode
rejection ratio of a receiver.”

1. describe the degree of balance of a device {gene-
rator or receiver) under operationsl conditions in
mast cases it is sufficient to measure and specify
the s ignal balance ratio only.
Thys, the specifications in this Operating hannual
are provided by measurement of s i gna 1
balance ratio. This is done through
emploment of an accurately center-tapped inductor
with toth of the tightly-coupled half windings being
completely symmetrical. fach half represents /2.

Measurement of Generator
Signal Balance Ratie
{enerator | g
C] . WE—'T—
i H 1
i Center-tapped 1ﬁduct0r~——i ) ﬁ
@ [ FATIR']
a I
| b i L,L
oy

-

Generator signal balance ratio i1s defined as:

| 5
= 20 Jog | —| [dB]

4
8
Yy
Measurement ¢cf Recetltver
Signal Balance Ratieo
!
c Zik
i r Z
| |
V1
H i
Generator lyoltage
| | reading between
-+ a and b

Receiver signal balance ratio is defined as:

}
Y
|V2

ag = 20 log [ap]

The dotted impedance, I, is the input impedance of
the device under test. If the input impedance is a
high value, then this impedance must be externally
connected in the parailel.






TECHNICAL DETAILS

The selective level meter SPM-19 with the wide-band
cection consists mainly of the modules receiver section,

synthesizer,

and control section;

the latter section

includes the microcomputer and the control and displiay
panel. The signal processing and the various modules
are described in detail below. (See Figure 2-1}.
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Figure 2-1

Simplified block diagram of the level meter SPM-19

o guiernat compider
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2.
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1.

i

RECEIVER SECTION

INPUT CIRCUIT AND FREQUENCY CONVERSION

The level meter operates on the double superhet principal.
In order to achieve geod decoupling between the measuring
circuit and the chassis ground for measurement of high
josses on 4-pole networks {see section 5.2), the input
circuit and the following converter stages are floating,
for high frequency purposes, with respect to all other
modules (synthesizer, control section, and power supply).
The input signal passes from the coaxialinput or balanced
transformer input, which has an attenuation of 10 dB due
to its wide bandwidth and in order to achieve a good fre-
gquency response, to the wide-band attenuator and pre-
amplifier. For wide-band Tevel measurements, the measured
signal is connected to a pseudo-rms rectifier, converted
to 10 kHz, and injected into the IF signal path. Here, it
is rectified and displayed. For selective level measurements,
the wide-band detector acts as a level monitor for optimum
matching of the sum signal at the level meter input to the
input circuit and the first mixer. The input attenuator
and the IF attenuator are adiusted by the microcomputer
such that the best possible measuring accuracy is always
achieved. This makes manual "low noise/low distortion”
switching superfiuous.

The preamplifier is followed by a further attenuator which
permits optimum matching of the mixer to the wide-band Tload
and switching of the measuring range 1in 5 dB steps.

The low-pass input filter suppresses all interference and
image frequencies which Tie above the reception band. The
reception freguencies are converted to the first inter-
mediate frequency of 40 MHz in the first mixer, using the
40 to 65 MHz conversion signal from the synthesizer. The



first intermediate freguency passes through a quartiz
band-pass filter whicnh suppresses thelimage frequency

of the second conversion and the higher mixer products.
From this quartz band~ﬁass filter, the signal passes

to the second mixer and is converted to the second
intermediate frequency of 10 kHz. The necessary carrier
signal for this is generated in a 40.01 MHz quartz oscil-
tator which is synchronized tc the reference freguency

in the synthesizer. The selectivity of the level meter

is determined by the flat, 3.1 kHz wide 10 kHz band-pass
filter. Various filters with differing noise bandwidths
can be connected after this point according to the
application.

The high Tinearity and the low intrinsic noise of the pre-
amplifier and of the two mixers makes it possible to
achieve a high intrinsic harmonic ratio and a high intrin-

sic NPR value of approximatety 60 dB.
IF AMPLIFIER, RECTIFIER, AND QuUTPUT CIRCUIT

The converted received signal passes through a stage for
power level matching, according to the selected measuring
conditions, either to a logarithmizing civcuit with a

level range of 80 dB or to the switchable IF ampiifier,
whose gain can be switched in 1 dB steps with extremely
precise transformer-type attenuators. The maximum overal]
gain is 89.9 dB. This module also contains the calibration
attenuator for level calibration {see section 2.1.3). Signal
rectification is carried out in a genuine rms rectifier.

The crest factor of the rectifier circuit is 12 dB. The
rectified measured voltage is either amplified and connected
to the meter for analog display or passes through an analog-
digital converter for digital level display.
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AUTOMATIC LEVEL CALIBRATION

In order to achieve the high measuring accuracy, the
SPM-19 s equipped with an automatic level calibration
circuit which is automatically switched on at preset
intervals or if the equipment settings (e.g. bandwidth,
frequency, input attenuator) are changed. The calibration
fregquency is tuned along with the measured frequency in
order to achieve a very low intrinsic fregquency response.
Only the precise IF attenuators are switcned for calibra-
tion, the setting of the input attenuator remaining un-
changed when the unit automatically switches from measure-
ment to calibration. The extremely precise and temperature
constant calibration level of -40 dB is generated in the
calibration osciilator. The calibration frequency is obtained
by conversion of the modified control frequency and the
fixed, multiplied standard frequency from the synthesizer
(see section 2.2}.

RAPID SIGNAL DETECTOR

A signal voltage at the input to the unit which lies within
the indication range of the analog meter is indicated, with
the aid of a rapid signal detector, by illumination of an

LED. For this purpose, the 10 kHz IF voltage is compared

with a reference voltage which corresponds to a level
threshold of approximately -15 dB or approximately -1.2 dbB

on the meter scale. [f this threshold is exceeded by the

IF voltage, 10 kHz pulses trigger a moncflop which illuminates
the LED during its active time of approximately 1 s. During
frequency search operations, the signal detector is used to
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stop the search. When operating in logarithmic mode, the
LED is continuously illuminated; however, search operation
is possible at a level threshold of -40 dB reading on the meter.

PHASE JITTER MEASURING ADAPTER

For measurement of the phase jitter, the IF signal is
connected to a phase comparator, where it is compared

with the average phase of a low jitter reference oscillator
with a slow regulation characteristic.

The measured voltage, which is proportional to the phase,
is connected via a weighting filter which includes all
jitter components in the frequency range + (20 to 300 Hz)
to the peak-to-peak rectifier, and 1is then logarithmized
ampiified, and dis@1ayed. The weighting filter and the
rectifier characteristic comply with CCITT recommendation
0.91.

TEST PRGBE CONNECTIGN

For high impedance, unbalanced measurements, the active
test probe TK-11 is provided. This has the function of

an impedance transformer with an input capacitance of

only 3.5 pF when a test prod is used. It receives its
power supplies from the level meter. The basic attenuation
of 10 dB is automatically compensated in the SPM-19 when
the TK-11 is connected.

GUTPUTS AND INPUTS

Several outputs are available for further processing of

the converted received signal.

2-5
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In analog mode, a single sideband demodulator permits the reconver-
sion of any voice channel from the CF band to the AF band.

Conversion is carried out with the aid of a swétchéble carrier signal
of 8 or 12 kHz for the normal or inverted position, this carrier being
derived from the standard frequency. For reproduction true to the
original, therefore, the middie of the channel must be tuned to. The
demodulated received signal can either be connected to the built-in
Toudspeaker for qualitativé assessment or extracted at the demodulator
output for further external processing (e.g. connection of interrup-
tion or pulse noise counters}. The demodulator is characterised by low
intrinsic noise of 70 dB below the meter display of 0 dB, thus permit-

~ ting correct conversion of a CF channel.

The last intermediate frequency of 10 kHz can be extracted at a de-
coupled output which follows the IF amplifier.

The Level Meter (Series D...} has a fixed level output that can be
used as a generator sourced signal (tracking generator) for frequency

response measurements.

For connection of a plotter or similar device, the level meter has a
Y-output at which a DC voltage proportiona1rto the meter indication is
available. .

An X-output supplies a DC voltage which is proportional to the fre-

quency within the adjustable limits § and T

START STOP®

At two cther outputs, the variable carrier frequency and the standard
frequency can be extracted for the external tuning of a level genera-
tor. An dinput for application of an external standard frequency of 1,
2, 5 or 10 MHz permits substitution for the internal standard fre-
quency.

POWER SUPPLY UNIT

The Tevel meter is equipped with & switching power supply unit which
permits connection to mains supplies in the range 96 to 261 V without
further switching. It is characterized by a high efficiency, which

results in Tow internal heating inspite of the compact construction.
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This provides higher reliability of the level meter.

A built-in rechargeable battery buffers the complete
data memory system if the mains supply faiis or if
the unit is switched off, thus maintaining all stored

data and settings.
FREQUENCY TUNING

Frequency tuning is carried out digitally, in BCD code,
in ail operating modes. For pseudo-continuous freguency
tuning in a continuous range, a small DC generator
(tacho-generator) is driven by the handwheel and a sub-
sequent voltage-fregquency converter generates setting
pulses for the internal counters. The frequency infor-
mation is transmitted to the frequency display and the
synthesizer via display buffers.

SYNTHESIZER

The control frequency of 40 to 65 MHz necessary for tuning

of the level meter and the fixed frequencies necessary for

synchronization are generated in a synthesizer (BN 865)
with the following characteristics:

- High frequency accuracy and stability

- High spectral purity {very low spurious signal and
noise levels)

- Phase continuity when the frequency 1is changed

- High settiing rate

- Compact construction.

2-7



The construction and the most important modules are shown
in the extremely simplified block diagram of the synthesizer
in Figure 2-2,

The control frequency fT (40 to 65 MHz) is generated in

a voltage control oscilliator which is adjusted such that
the control frequency is precisely the sum of the frequency
fR of the locked oscillator and the frequency fz of the
interpolation oscillator,

The locked osciilator operates in the frequency range
39.8 to 64.7 MHz, and can be tuned in 100 kHz steps by a
further control loop. For this purpose, the oscilliator
frequency is divided down to 100 kHz in a programmable
Tocked divider and compared with the standard frequency
in a O-phase controller.

Interpolation within the 100 kHz steps is carried out in
a single interpolation loop. This operates with non-integral
division ratios, thus permitting freqhency settings with

values after the decimal point [1].

This arrangement permits high settling rates even with
small step increments.

The interpolation oscillator runs at a relatively high
frequency between 40 and 60 MHz in order to permit, 1in
the following 200 : 1 divider, reduction of the phase

errors resulting from the control Toop.

[11 P. Harzer: Frequency Synthesis 1in Modern Level
Measuring Setups. NTZ, Volume 33 (1880),
I[ssue 2, pp 90-94



As the interpolation freguency should be adjustable in
steps of 1 Hz, the 200 : 1 divider means that the inter-
pelation divider must be adjustable in 200 Hz steps. In
order to permit rapid reporgramming, the output frequency
of the interpolation divider 1is 100 kHz. This is compared
with the divided standard frequency in the phase meter.
Frequency settings in 1 Hz to 1 kHz pcsitéoné would
result in non-integral division and phase errors. For
this reason, a compensation voltage with the same shape
as the interference voltage, but with opposite polarity,
is overlaid on the output signal from the phase meter.

Further measures, such as synchronous transfer of fre-
guency setting information into the locking and inter-
polation dividers or the biocking of the carrier Igop
(carrier phase meter) in the case of a so-called inter-
polation exchange, permit maximum suppression of the
spurious freguencies in the control signal.

The 100 kHz reference freguency and further synchronization
frequencies are generated in the time base. This consists
mainly of the standard frequency oscillator and the 10 MHz
quartz oscillator, with a low proportion of spurious fre-
quencies, whiéh is locked with a rigid phase to the
reference freguency via the standard freguency synchro-
nization. The standard frequency osciliator, which can also
be replaced by an external frequency standard of 1, 2, 5,
of 10 MHz, is thermostat controlled to achieve the high

accuracy of 3 x 1077 or 1 x 1077,

™o
]
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Figure 2-2 Simplified block déagram of the synthesizer BN 865

CONTROL SECTION WITH MICROCOMPUTER

The microcomputer coﬁsists of the central processing unit
(CPU) - a type 8085 microprocessor - the program memory
(ROM), the working memory (RAM), and the.input and output
gates. The displays and controls on the front panel are

.connected to the microcomputer via data and control lines.

The keyboard of the control panel is used, amongst other
things, for input of fixed freguencies and complete equip-
ment settings into the working memory. Battery buffering
0f the RAM power supplies is provided to maintain the
stored data in the case of a mains failure.
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If reguired, an additional customer-specific EPROM can be fitted for
fixed frequencies, equipment settings, and white noise programs. A re-
sult log can be produced on an external printer connected via a prin-
ter interface for V.24/V.28 interfaces. Instead of the printer inter-
face, an IEC interface can be fitted for connection of an external
computer, Remote control facilities exist for all functions of the
SPM-19,

After power is switched on an automatic RAM/ROM test is executed.
Functional testing of the most important modules can also be initiated
by the operator. In the case of an error, the test sequence is stopped
and the error pumber is displayed.

PRINTER INTERFACE

The printer interface has its own microprocessor with program memory
and RAM (Fig. 2-3).

Birectly after theKSWitchmon, the initialization takes place, i.e.
the individual modules like e.g. V.24 interface, programmable freq.
divider, RAM are set to a definite worthwhile starting status.

In a first step all of the measuring set's data intended for the
printout like measured results and instrument settings are transferred

to the printer interface (data transfer) and are stored in the RAM,

In a second step, the data are branched exclusively according to the
formatting program stored in the program memory and therédfter With
additiognal fext are transferred via the V.24 interface to the printer
which prints out in the desired form of results.

If a printer with keyboard is to be used for transferring data to the
interface, this, Tikewise, is stored in the RAM according to the in-
structions, and accordingly further processed. A transfer of this data
inte the basic unit, however, is not possible.



EPROM
2 to 8k

Address 1
latch

? | Address/Data Bus
—4 _

LP 8035

64 byte RAM

O-©

o

Decoder | .9

logic

Control § and Address Bus

Y

@

256 byte RAM

Programmable
frequency
divider

v

Input gate

Encoder switch
51 to 53
51 to 53

Fig. 2-3

©)

V.24 interface

A

Bu 1
Printer
with
keyboard

Interface
for
Basic Unit

~

Basic Unit

829 %



3.

3.

]

1.

COMMISSIONING

UNPACKING THE UNIY

The SPM-19 is shipped in a specia? packing case which was
subjected to comprehensive stress testing at Wandel &
Goltermann before it was certified for general use,

This case guarantees that the test equipment will arrive
without damage, even under rough transport conditions.
The unit should be removed carefully from the appropriate
sides of the packing case. It is recommended that the
orginal packing materials be retained for possible future
shipment. If this is not done, please read the‘fo1iow1ng
notes.

NOTES FOR SHIPPING

Safe transportation of the SPM-19 is guaranteed only by
correctly designed packing materials. If the original
packing case has been lost, we recommend that the unit
be packed as shown in Figure 3-1.

% % Wooden board
146 mm thick

- Hord padding fixed
to the unit by meons
of adhesive tape

540 mm Folding carton

- e e GO0 My e

b = height

Figure 3~1 Packing notes
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J1.2 TRANSPORT IN THE EQUIPMENT CASE TPK-4 OR TRANSPORT CASE
TPG-4

The equipment case TPK-4 protects the SPM-19 against

dust and mechanical damage for light transport operations
(e.9. in a motor vehicle). It also provides suitable
protection against splash water. Further protecticn of the
inclined front panel is provided by placing the rear

cover SD-4 on the front of the SPM-18 before putting the
unit into the case. For increased ciimatic and mechanical
stresses (e.g. rai] or air transport), the transport case
TPG-4 is recommended, as this protects the equipment against
extreme ambient effects.

1.3 USE IN 18" RACKS

The case dimensions of the SPM-19 are matched to DIN
Standard 41 494 or American Standard ASA C 83.9 “Racks

and front. panels". The unit is thus suitable for dinstalla~-
tion in 18" racks; it is only necessary to modify the
front panel dimensions by fitting two mounting brackets

as shown in Figure 3-2. The complete 19" conversion kit
including moeunting screws, is available under order No.

BN 700/00.04. The feet on the bottom of the unit and the
guide pins on the top of the unit must be removed before
installation (see also Figure 3-2).

3-2 Figure 3-2 Converting the table-top unit for rack installation
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Caution: When installing the unit in equipment cabinets,

care must be taken that the upper limit of the nominal
operating range for the ambient temperature is not ex-
ceeded (see section 3.2). Generally, the following measures
are necessary.

A space of one height unit (44.4 mm) must remain free
between the units.

If necessary, fans must be fitted to extract the heat
generated in the cabinet. Syitable filters should be
provided to prevent accumulation of dust on the units.

INSTALLING THE UNIT

The level meter SPM-19 can be used at ambient temperatures
between +5 and +40 9C. If used within larger systems or

if installed in racks, care must be taken that this temper-
ature range is not exceeded. (e.g. by spacing the various
units as mentioned in section 3.1.3).

Temperatures between -40 and +70 °C are permissible for
storage or transport. In such cases, it is recommended

that the displays and controls are protected by the
transport protection cover 5D-4 (see section 1.13, prdering
information) on the front and back of the unit; these
prevent mechanical damage and protect against dust and
splash water.

3-3
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3.3.1

3-4

The angied front panel makes the unit easy and comfortable
to use. In addition, the level meter can be instailed at
an angle by swinging down the supports attached to the
front feet. The SPM-19 will also operate reliably in

this position. '

The liquid crystal displays used for display of frequencies
and levels reduce the current consumption and the internal
heating of the unit, which means that no fan is necessary
and 3 higher reliability is achieved. When installing the
unit, remember that the displays are particularly easy to
read if the ambient light levels are high.

CONNECTION AND SWITCHING ON

Before switching on, connect the control output EE of the
oscillator section to the control input EE of the receive
section using the enclosed short BNC cable (K 336) as shown
in Figure 3-3. (Longer connection cables should not be

used).
LY A | I Qm
R W ———
K 336
ONRONNC 7
5 L)t 45
%
ONNOINC
= ®
PQ N5 2

Figure 3-3 Rear connections on the SPM-1§

MECHANICAL ZERO SETTING

Before the Level Meter is switched ON, the mechanical zero setting of
the analog meter {scale mark oo ) ought to be checked, and if neces-
sary, corrected.
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3.4.1

3.5

POWER SUPPLY UNIT

The Tevel meter is supplied with power by a switching power supply
unit which is installed on the right side wall of the meter. The
$PM-19 can be operated from AC voltages between 96 and 261 V without
additional switching, the mains frequency lying between 47.5 and

63 Hz.

The enclosed mains cable should be used for connection to the mains
supply. The level meter complies with protection ¢lass 1 of VDE 0411,
i.e. the case and the ground socket are connected to the protective
conductor. 1f a different mains cable is used, ensure that a protec-
tive conductor is included and connected.

After inserting the mains cable in the mains socket 0 {see Figure
4-2) on the rear of the unit, insert the plug into the mains outlet
cocket and switch on the level meter with the mains switch H on the
front {by depressing the pushbutton). The specified error limits are

valid only after a warming up period of 15 minutes.

REPLACING THE FUSE

[f, when the meter is switched on, there is neither a level nor a
frequency display and none of the indicator tamps are 1it, first un-
ccrew the fuse holder P on the rear of the unit and check the fuse.

The replacement fuse should be type T 3, 15 A (3.15 A, slow-blow);

two spare fuses are enclosed with the unit.

INTERNAL TEST

when the level meter is switched on, an automatic RAM/ROM test is
executed to check the functicns of the RAM and the system software
(ROMY. If the test is executed successfully, the symbols Oe---- appear
momentarily on the freguency display, fo{fawed by the last parameters
for frequency and level values stored in the unit. In the case of an
error in the control section, an error number 1S displayed in the fre-
quency display. The digits in the level display [(address in hexadeci-

mal code) contain further information for localization of the fault.
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Example:

11711 1
11 1

Level display Frequency display
The meanings of the symbols and digits are explained in Table 6-2.

A functional test of the most important modules (internaﬁ hardware
test) can be initiated by entering the address No. 9003. No external
connections are necessary for this purpose as the internal calibration
signal is used as a signal source. The self-test ought to be executed
after a waiting time of a few minutes.

Sequence:

Depress the following pushbuttons:

MEM 9003 RCL

[f the test is successful, the symbols 1----- appear
in the frequency display. The unit can be switched
back from the test program to the measuring program by
depressing the blue pushbutton until the LED is
extinguished. In the case of a fault, an error number
{e.g. 1--003) appears in the freguency display; the
meanings of these numbers are explained in Table 6-2.

STANDARD SET-UP

A1l equipment set-ups are stored in a semiconductor
memory which is supplied with voltage from a rechareable
accumulator when the mains supply is switched off. For
this reason, the last equipment set-up which was stored
always appears when the unit is switched on again. Stored
fixed frequencies are also retained when the power is
switched off.



If the unit is switched off for a longer period, however,
it is possible that the buffer battery is exhausted and
that the stored information is lost. In this case, the
following standard set-up is automatically selected when
the power is switched on again:

f = 100.000 kHz

fSTEP = 1.000 kHz

Bandwidth 3.1 kHz

Input Z = 75 Ohms

Mode: ABS, ANLG, 20 dB scale
Measuring range: 0 dB

“SWEEP OR STEP TIME" : 1 s

It may be necessary to disconnect the buffer battery
during repair work, which also results in loss of the
stored data. In order to obtain the defined initial
state, the pushbuttoﬁ:iiksee Figure 6-2) should be de-
pressed after the unit has been switched on again; this
pushbutton is accessible on the controi board after re-
moving the upper case cover. Depression of the pushbutton
again Joads the standard set-up in the memory. {See also
the note in section 4.22.1).

If an error occurs during operation, switch the unit off

and on again to start the RAM/ROM test. The test is executed
automatically as described above. After this, the hardware
test can be initiated as described previously.

If neither of the tests results in an error indication,
although there is an error in the unit, it is recommended
to carry out a reset by calling program number G400 before
resuming measurements. The program is started by depressing

the following pushbuttons:

MEM 5000
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Note: This reset clears all stored fixed frequencies (address
range O to 99); the stored front panel settings {address
range 100 to 110) are replaced by a standard set-up as
described in section 3.6 (see also the note in section
4.22.1).



Important Safety Instructions

A.C. power line voltage

The cperating voitage of the instrument should be the same as
the a.c. line voltage, so check whether or not the two voltages
are equal.

Safety Class

This instrument is categorized as Safety Class | according to
VDE 0411 o7 IEC Publ, 348. The power cord delivered with the
equipment has a protective ground conductor. The a.c. power
plug must be plugged into an a.c. power receptacle that has a
third wirg 1o ground, except in rooms that are particularly
certified otherwise. Any disconnection of the protective ground
conductor either inside or outside of the instrument is not per-
mitted.

Connection to measuring circuits presenting
hazards to perscnnel

Before the connection is made to a hazardous circuit, a
pratective ground connection, for protection against the meas-
urement circuit, ought to be connected to the enclosure. In
case the protective ground conductor of the a.c. power ling
can also assume this protective function, the a.c. power con-
nection should be established first of ali. If the measuring
circuit has an inherent protective ground conducior, then this
conductor must be connected to the enclosure before a con-
nection is made to the measuring circult,

Defects and Exceptional Conditions

When it can be assumed that safe operation is no longer pos-

sibie, the equipment shoutld be taken out of service and

inadvertent operation should be prevented.

This occurs when

- the equipment shows external signs of damage

- the equipment nc longer cperates

- aftar being overstressed in any way {e.g. storage, transport)
so that the tolerabie limits are exceeded.

Fuses
Only specified fuses are permitted for use,

Opening the Instrument

After the covers have been removed or when components are
removed with tools, certain componentisthat operate with
applied voitage could be exposed. And also connection points
might be carrying a voltage.

Therefore, before the instrument is opened for inspection, all
voltage sources should be disconnected.

But sometimes calibration, maintenance or repairs require that
the instriment be open and operating with agplied voltage. So
only experienced craftspersons whe understand the dangers
associated with working on instruments that have exposed
voltage points should undenake the job.

Capacitors can retain a voitage charge even after the instru-
ment has been disconnected from voltage sources. Thus, the
circuit diagrarns should be observed.

Repairs, Replacement of Components

Repairs must be done according to correct technical practice.
With that, particular attention must be paid {o the character-
istics of construction. None of the safety precautions should

be changed, especially for leakage paths and air gaps, and
separation by insulation must not be reduced,

Only originalreplacement parts oughtto be used. Other
replacement parts are only permitted if the safety and protection
against human injury are not degraded through the use of non-
original components.

Safety Testing after Repair and Maintenance

Testing of the protective ground conductorinthe
powercordforthe instrument:

The resistance of the protective ground conductor shall be
measured. li should be /0.5 2. The power cord should be
bent and kinked during the measurement so as to revealany
intermittent connection. This gives evidence of a delactive
powercorg.

Testingtheinsulationofthe a.c. power circuit
The insulation resistance is measured ai 500 V between the
a.c, power connection and the protective ground conductor
connection. For this measurement, the instrument's power
switch shouid be ON.

The insulation resistance ought io be =2 MQ,

5.81
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Controls and Sockets on the Front Panel

(see Figure 4-1)

Control
number

Qesignation
in the cir-

‘cuit diagram

Function

20

20

20

20

20

20
20

V2 Vs ]

[V

20 S 10

42

s

ute
CAL

LOCAL

Z0f
fan! il

Calibration push-
button autematic
Tevel calibration
can be switched off.

Pushbutton for
switching to manual
mode during remote
control or for manual
initiation of printer
operation

Pushbuttons for dis-
play of:

Absolute Tevel in

dB or dBm.

Stored reference
tevel in dB or dBm,
level input by sim-
ultaneous depression

of _the pushb ans
and [REF .
Level difference

between absolute
level and reference
Tevel in dB.

Reduced level in dBO
or dBmG.

Reiative level in
dBr, level input by
depressing pushbutton
twice.

Selecticn of opera-
ting modes analog
or digital
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Controi
number

Designation
in the cir-

cuit diagram

function

a8
€]

20 S 18

20 § 12

205 19...24

22,5 1

20 S 14...76

20 5 6

AFC

MEM

AUTO
b

or i feEnT

Automatic frequency
control

Memory pushbutton;
used together wit

the pushbuttons |STO
and for storage
and recall of fixed
frequencies or equip-
ment settings.

Control panel for
input and display
of single frequency

£ £
Pﬁmgﬁ?qﬁigcﬁwieﬁp
[ <§?iirTFIfSTopi
,Taf).

Pushbutton for auto-
matic setting of the
measuring range in
analiog mode with

input signal connected

Measuring range switch
in analog mode, switch
ing in | or 5 dB steps,
depending on setting
of E@

Selection of the
required scale range
in analog mode.,

Changeover switch for
rapid or slow display.



Control
number

Designation
in the c¢ir-
cuit diagram

Function

i
L

&)

20 S 31...41
20 S 43...47

18 Mo 1

205 13

26 S 11

20 S V7

14 Bu 1
2 Bu 1

2 Bu 4

Decimal keyboard

for measuring para-
meter input:
Multi-function keys
for frequency, rela-
tive level (brown)
and memory function

{b , clear key
CLRJ .

Handwheel for contin-

‘uous freguency tuning

together_with the push-
button | MAN; .

Impedance selection
switch.

Selection of bandwidth,
demoduylator, or phase
Jitter measurement.

Selection ¢f the de-
flection time for sweep
frequency cperation or
the dwell time in AUTOD
STEP mede, of manual
sweep, or periodic
search (O0PT).

Power supply for TK-11
orobe

Coaxial input, 50 Hz
to 25 MHz.

Balanced input, 10 kHz
to 14 MHz
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Controi

Designation

Function

Balanced input,

_5@ Hz to 620 kHz.

Volume control for
built-in Toudspeaker.

Demodulator output.

Y-output voltage

X-gutput voltage
(DCY, voltage pro-
porticenal to fre-
quency within Af.

Digital display of
level, noise, or
phase jitter in

Meter for level and
phase jitter display
in analog mode, with
mechanical zero cor-

Signal detector

Digital display of

Address, test and
error numbers are
displayed here for
internal test or
memory operation,

numbers in the cir-
cuit diagram
21 2 Bu 3
17 P 1
23 17 Bu |
24 16 Bu 2
(DC)
18 Bu 1
A 22 4C 1
digital mode.
B 16 J 1
rection.
C 19 6L 2
b 19 JC 2
freguency.
3 20 S 30

Pushbutton for fre-
quency resojution
120 Hz {coarse) or
1 Hz (fine) during
continuous tuning.



Cantrol Designation Function
numbers in the cir-
cuit diagram

F 20 S 25/S 27 [41[] ] Dpirection push-
buttons for fre-
quency search oper-

ation
G 20 S 26/S5 28 SWEEP "Pushhutton for
pericdic or singtle
sweep
H 1 S 1 Mains switch
I 1 Bu 2 ’ Ground socket
K 20 § 28 STEFP Pushbutton for all

automatic freguency
stepping with step
increment fSTE? or

for TRACKING

L 20 S 44, Direction push-

S &7 buttons for manual

3 frequency stepping
with step increment

forep

Note: The pushbuttons fCENT’ Af ] on control field R
the controls G (SWEEP) and the settings MAN and
0PT in the display field at [17] are not fitted in

version BN 82G/07.




Table 4-72
Controls and Scockets on the Rear

(see Figure 4-2)

Control Designation Function
numbers in the ¢ir-
cuit diagram

lag, [a1] 21 Bu 1, .2 Digital interface for control
of external devices such as
PSS-19

42 16 Bu 1 Connection socket for dis-

play unit SG-2 or S$G-3

S
Lo

15 Bu 3 Intermediate frequency {IF)
output, 10 kHz.

L
£

11 Bu 2 Control frequency output,
40 to 65 MHz, for remote
tuning of the generator,

EE 11 Bu 1 Control frequency input,
40 to 65 MHz, to be connected
to [l

146 21 8 ¢ : ‘éB/dBm changeocver switch,

[gﬂ 26 Bu 1 Tracking generator cutput 200 Hz

to 25 MHz (Series D...)

E@ 63 Bu 1 Standard frequency cutput,
10 MHz.
151 65 Bu 1 Input for external standard

frequencies 1, 2, 5 or 10 MHz.

E@ 58 Bu 1 Control frequency output,
40 to 65 MHz, to be connected
to (Y




Control

Designation

Function

numbers in the cir-
cuit diagram
M 21 (91 Installation position for
IEC 625) interface bus

board or printer interface

N Battery compartment for Ni-
Cd cells for data retention

o Accessory case for spare fuses,
mounting wrench and hexagonal key,
and p.c.b. card puller.

p 1 Si 1 Mains fuse

Q 1 st ] Mains connector

R Rating plate
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OPERATION

CONTROLS ON THE FRONT AND REAR SIDES

The front panel of the level meter SPM=19 is divided into
the three functional panels: connection panel, control
panel, and display panel. Most of the parameters necessary
for measurement are selected with pushbuttons on the
inclined part of the front panel, which simplifies opera-
tion and provides the unit with a modern design. The Jeft
half of the control panel contains the pushbuttons for
selecting the required measuring mode, level display, and
scale, while the right half of the front panel contains
the pushbuttons for frequency tuning. '

Fach pushbutton has an LED which lights when the function
is active. Some of the pushbuttons have double or triple
functions (MHz, kHz pushbuttons), which are clearly identi-
fied by different colored markings or by a second LED.

The rear side of the unit, on which the division of the
level meter into control sections, Tevel measuring sections,
and synthesizer is visible, contains the connection sockets
for analog and digital control signals, the instaliation

position for the IEC 625) interface bus beard, and power

supply elements.

The abbreviations used in the operating instructions for
controls and sockets are shown in Figures 4-1 and 4-2, which
are on fold out pages for ease of use.



4.2

The relationships between the abbreviations {normally numbers within
square brackets} and the circuit diagrams in the appendix are shown in
Tables 4-1 and 4-2.

The abbreviations used in the circuit diagrams have the following
meaning for example, 20 S 10 : the switch (calibration pushbutton)
can be found in circuit diagram 20 and is marked there with the
designation S 10.

The numbers withing square brackets in the tables and text are the
same as the numbers printed on the front and rear sides of the level
meter. Push buttons are lettered according to function and are refer-
red to by mnomicx.

Examples:

MAN  corresponds with push button

20 dB corresponds with push button |20 dB

The table alsc provides a short summary of the functions of the

various compenents and sockets. A1l coaxial connection sockets are
universal sockets which can easily be converted to the most common
socket types used in comnunicatieons technology {see section 6.3.4}.

EQUIPMENT SETTING AFTER SWITCHING ON

After commissioning and switching on as described in chapter 3, the
level meter SPM-19 automatically sets itself to the parameters and
cperating modes used for the Tast measurement before it was switched
off. If the built-in buffer battery for retention of data in the CMOS-
RAM 1is exhausted or if it was disconnected from the memories during
repair work, a different setting appears. The capacity of the fully
charged battery is sufficient to retain the memary data for approxi-
mately 30 days with the power switched off.

The voltage to be measured is connected to one of the three inputs of
the level meter with suitable cable. A1l inputs are automatically
switched to high impedance when the level meter power is switched off;
this avoids ony possible effects on the circuits being measured.
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Caution:
Only one input may be used at any time for measurement.

INPUTS, INPUT IMPEDANCES, AND FREQUENCY RANGES

The level meter is equipped with a coaxial input for the
complete frequency range from 50 Hz to 25 MHz. The input im-
pedance can be switched between 75 Ohm and high impedance
with the impedance selection switch

The two input sockets [20] and are provided for balanced
measurements, :

The freguency ranges and impedances of the twe inputs are:

BAL I [20] : 10 kHz to 14 MHz, impedances 124 Ohms and

150 Ohms :
BAL I1 [21]° : 50 Hz to 620 kHz, impedances 150 Ohms and
| 660 Ohms. - e -

The required input and the input impedance Z or high imped-
ance are selected with the impedance selection switch (15

The setting steps automatically as jong as the switch is
depressed. The active input and impedance value are indicated
in the illuminated section of the window.

Caution: When terminated with Z, the measuring inputs should
be protected against input voltages vrms > 14 V.
The permissible DC input voltage must not exceed

60 V when & high impedance input is selected.
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4

4.

1

TUNING THE RECEIVER FREQUENCY

Frequency tuning is ;arried out, according to the task,
either digitally with the keyboard, continuously, or
automatically. (AUTO STEP, TRACK, SEARCH).

The use of a synthesizer, which is characterized by very
Tow spurious frequency and noise levels and by phase con-
tinuity when the frequency is changed, achieves both high
accuracy and high stability of the selected frequency in
all operating modes. The freguency accuracy of the SPM-19
/ of
the displayed frequency value. These error limits inciude

is, according to the version + 3 X 1077 or + 1 x 107

the temperature response in the nominal operating range and

the aging errcrs which occur within one year.
DIGITAL TUNING [12]

The required receiver frequency is entered in MHz or kHz
with the aid of the keyboard . {The LED above the blue
pushbutton |[MEM| must be off).

Example: f = 0.950 . 95 kHz

Leading and trailing {1 Hz to 100 Hz positions) zeros may
bhe omitted. The synthesizer is tuned to the new value only
when the |[MHz| or EEEJ pushbutton is depressed (ENTER
function).

1f an incorrect digit is entered during frequency selection,
the display can be cleared with the aid of the clear key
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and the required frequency reentered. Tuning of the
synthesizer is not affected by this. The digits are shifted
from right to left in the disp?ayf The maximum frequency
which can be selected is 26.5 MHz.

A new frequency is entered by overwriting the o0ld value.
The tuned frequency is displayed with a maximum of eight

digits in display window D, with a resolution of 1 Hz.
The frequency is always displayed in kHz.

CONTINUOUS FREQUENCY TUNING |MAN

If the precise value of the frequency to be measured is not
known and if it is necessary to tune for maximum Jevel indi-
cation {in analog mode), the continuous tuning functicon can

be switched on by depressing the pushbutton [MAN| in func-
tional panel

Frequency tuning is carried out in a pseudo-continuous mode,
t.e. in steps of 1 Hz or 100 Hz:

if the pushbutton |MAN| is depressed once, with 1 Hz
resolution (FINE)

if pushbutton |MAN] is depressed twice, with 100 Hz
resolution (COARSE).

Due to the phase continuity of the synthesizer, no phase
shifts occur during continuous tuning, which means that
no additional sideband spectrum is generated.



After seilecting the required resolution "coarse or fine",
the receiver can be tuned over the whole freguency range
with knob mﬂ , Without the necessity of range switching,
the rate of frequency change per revelution of the knob
increasing if the knob is turned faster. This makes it
possible to tune through the whole frequency range very
rapidiy. '

If 100 Hz resolution is selected, the last two digits of

the frequency display are always zero. Although the upper
frequency limits of the level meter is 2bMHz, frequencies
up to 26.5 MHz can be selected.

To return to digital frequency tuning (4.4.1), the required
frequency can be entered directly on keyboard Eﬂ

4.4.3 FREQUENCY TUNING IN STEPS

For measurements at constani frequency intervals {e.g. with
"channel or primary group intervals, for measurement of

harmonic frequencies, or for recording of measuring sequences),
operation is particularly simple if the frequency of the

SPM-19 can be preset with a stored frequency increment. The
ynit then permits either manual or automatic freguency
stepping.

4.4.3.1 Manual Stepping

- Depress pushbutton fSTE4

- Enter the required freguency increment in MHz or kHz

{see section 4.4.1).
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4.4.3.2

Depress pushbuttonand enter tﬁe starting frequency (see
section 4.4.1).

The frequency can now be stepped'upwards or downwards
with the two direction pushbuttons:

{} 1

—
Rl

Tuning is possible over the whole frequency range.

The seleceted frequency increment can be checked by depressing the

pushbutton fSTEP . The value of the frequency increment is changed
by overwriting with a new input.

Automatic Stepping

This type of fregquency tuning can be used only if the start and stop

frequencies are also entered.

Example: Measuring the residual carrier signals in a primary qroup

of 60 kHz to 108 iHz.

Depress the following pushbuttons:

f

64 | kHz fSTOP 108 ! kHz

4 | kHz

START

fstep
Select the reguired sté?ping time in the window "SWEEP OR STEP
TIME/s" with switch . {The time is stepped automatically as
long as the switch is depressed).

f

sTART | (Setting the start freguency)

Depress the pushbutton | STEP twice.l) The LED alongside "AUTO"
must Tight. The frequency is now stepped automatically until the

last fregquency is attained (fSTOP)' Another sequence is possible
after push buttons "fS?ART"’ "STEP {2 x)" have been pressed. If
a printer is connected, then cyclical measurements can be run off.
The time for one frequency change results from the total of the
"STEP® time and the measuring time; this depends on the measuring

conditions.

In Version BN 829/01 the left position is not occupied in the STEP
TIME display window. After the AUTO STEP push button has been
pressed, the STEP time sets itself to 300 s.



4,

4.

4

Note:

If the frequency sweep Al - fSTOP - pS?ART is nol
ah integral multipie of fSTiP’ then measurements
will be carried out only up to an upper frequency
oo = M X fsrep < fsyope
are never exceeded. The limits can be exceeded only
with the two STEP direction pushbhuttons.

i.e. the selected Timits

TRANSFERRING THE FREQUENCY SETTING TO THE MEMORIES FOR

f

STEP

AND THE SWEEP LIMITS

If pushbuttonés held down and one of the pushbuttons
under ENTRY AND DISPLAY is depressed, then the currently
selected frequency can be transferred directly to the

memories for fSTEP and the sweep limits.

This type of frequency setting is particularly advantagecus

for measurement of harmonic frequencies or for narrow band

sweep frequency operation (with center frequency setting,

version BN 829/02 only),

frequency (after tuning to the maximum level) has a large

number of digits before and after the decimal point (see

section 4.13).

Example: Measurement of harmonic freguencies (tuning to n X

basic frequency).

4-15

if the basic freguency or the center



.5

- Tune the level meter to the basic frequency.

- Hold down the pushbutton| f |and depress pushbutton fSTEP

- Tune to the 2nd, 3rd, ... harmonic frequency by depressing
the direction pushbutton {} the appropriate number of
times.

The functions search, TRACK, and sweep are described in
sections (4.11 to 4.13).

AUTOMATIC LEVEL CALIBRATION "AUTO CAL.®

The level meter SPM-19 has an automatic level calibration
gircuit which makes manual calibration unnecessary. It
guarantees a high measuring accuracy over the whole fre-
quency range, a noticeable reduction in the measuring times,
and high long-term stability. '

The automatic level calibration circuit is switched on
if the red LED above pushbutton is not 1it.

Calibration is carried out after any parameter change which
could result in an error in the level display, for example:

- after switching on

- after a frequency change of more than 10 % for frequencies
< 10 MHz or 1 % for frequencies > 10 MHz,

- after switching the bandwidth, the cperating mode analog/
digital, the meter scale range (7(20)80 dB}, the input

attenuator and preamplifier, or the measuring mode absolute/

relative (analog measurement).
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b

If no parameters are changed, for exampie during continuous
moenitoring,. calibration is carried out every two minutes.
In selective mode, the calibration frequency is always
equal to the fregquency to which the meter is tuned {(fre-
quency display D), thus virtually eliminating frequency
response of the SPM-19. In the "“wide-band" position of the
level meter, calibration is always carried out at 10 kHz.

A black bar and the letters CAL are displayed at the upper
left corner of the level display during calibration.

For measuring tasks where the automatic calibration cycle
would result in interference, the automatic level calibra-
tion circuit can be switched off by depressing pushbutton

D] © this applies, for exampie, to measurements with the
built-in demodulator. No calibration is carried out during
search or sweep frequency operations.

Depression of pushbutton [i} causes the red LED (CAL OFF)
to light. Depressing the pushbutton again immediately
initiates a calibration operation and switches off the LED.

SELECTION OF THE OPERATING MODE ANALOG/DIGITAL

Analog or digital level display can be selected with the
two pushbuttons JANLG , PGTL . One of the two LED's
above the pushbuttons is always lit. Analog Tevel dispiay

is advisable for sweep, search, and track operatiogns or
if the demodulator is used.
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1

During analog measurements, the measuring range can be
selected manually or automatically after depressing a

pushbutton; for digital level measurements, adjustment
of the attenuator is always carried out automatically.

Automatic range setting during selected measurements is
always executed with an automatic overdrive check of the
wide-band section. The principle used here has the advantage
that measurements are always carried out at the optimum
settings of the meter, thus achieving the maximum'measuring
accuracy. The changeover switch "low noise/low distortion®,
which often caused confusion, is no Tonger required.

DIGITAL LEVEL MEASUREMENT

Depression of the pushbutton IDGTL switches off the meter
B and the result of measurement is displayed in the digital

level display A as follows:

for wide-band measurements
for selected measurements with rapid display {LED beside

pushbutton EAVRG is off).

for selected measurements with slow display (LED beside
pushbutten JAVRG| on).

Input levels which cause major deviation of the display,
for example due to overlaid interference signals or in-
sufficient displacement from the intrinsic noise, are
always displayed with 2 resoclution of 0.1 dB, even if
display averaging is switched on (see also section 4.6.4).



The following parameters can be displayed or stored by depressing the
pushbuttons on DISPLAY control panel [E]:

4.6.1.1 Absolute Voltage or Power Level ABS

Depression 01‘ the pushbutton causes the absolute value of the
signal at the input to be measured and displayed. The required
calibration voltage level (dB) or power level (dBm) must be selected
with the slide switch en the rear of the unit before switching
on the level meter.

© The reguired calibration can also be sclected via the keyboard [12].

" dB calibration: MEM | 9900 RCL
dBm calibration: MEM 9901 P RCL

The fundamental setting after the Level Meter has been switched ON

results, however, always according to the settina of sltide switch

).

4.6.1.2 Level Difference

For measurements of the frequency response or of harmonic frequen-
cies, the level with respect to a reference value 1s.more interesting
to the user than the absolute level. For these seasurcments, the ab-
solute value is first determined as described in sectien 4.6.1.1 and
then stored as the reference value. This is done by devrossine puch-
buttons €E§§] and { REF| simultancously.

The new, stored reference level is now displayed in display A with a

resolution of 0.01 dB. To display the refercnce level, simply depress

the pushbutton | REF Y.

Up to 11 different reference levels {e.g. intrinsic frequency
‘response of a comparison object) can be stored with the MEM function
{see section 4.22).

Any required reference Tevels can be programmed if the level meter is

used together with a computer,

Depression of the pushbutton lﬁggjﬁEF causes the difference between
the measiured Tevel {absolute value) and the reference level stered as
described in section 4.6.1.2 to be displayed in dB. The resolution of
the display depends on the conditions méntioned in section 4.6.1.
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4.6.2

4-20

How digital level difference measurements {(channel A - channel B) are
made at higher accuracy is described in para. 4.25.2.

Levels reduced to dBm0 values

In communications technology, levels are often not specified as
absolute values, but as values referred to the relative Tevel (dBr)
of & test point. In order to simplify evaluation of such levels, the
relative level can be set between the Timits

~-120.0 and +30.0 dBr.

The result of measurement is then displayed directly as a "reduced
level™ in dBm0 (dB0O) if the pushbutton is depressed. Any
reference level can be entered instead of the relative level (dBr).

a) Display of the relative level
The Tast relative level which was stored can be displayed by de-
pressing pushbutton once {left LED lights).

b) Input of the relative level (dBr)
- Depress pushbutton dBr once or twice until both LED's above the
pushbutton are Tit.
- Enter the required dBr level on the numerical keypad.
(Numerical value and units with sign)

Negative values {-dBr) with pushbutton
Positive values {(+dBr) with pushbutton

Depression of the units pushbutton transfers the new value to the
memory (and the frequency display again appears).

Depression of the pushbutton {dBmO} causes the level to be displayed
not as an absolute value, but referred to the stored (relative level)
(dBr) as reduced to a level in dBm0 or dBO.

The following relationship applies: a dBmQ + b {(dBr) = (a + b} dBm

At the "O dBr point”, the reduced level is equal to the absolute
level,

ANALOG LEVEL MEASUREMENT

Depression of the pushbutton [ANLG|] switches off the digital Tevel
display and switches on the analog meter. The digital display A now



4.6.2.1

shows the measuring range i.e. the level value for the 0 dB mark on

the instrument, which can be switched, according to the selected scale
ﬂﬂ , 1in

1 dB steps for the 1 dB scale or
5 dB steps for the 20 dB and B0 dB scales.

Result of measurement = digital display (measuring range) + meter

reading (scale value).

Measuring Range Selection

The measuring range is selected

a) manually with the measuring range switch [:] or
b) automatically by depressing pushbutton |AUTO SET‘.

In the case of manual selection {input of the measuring range for
sweep operations or the level threshold for search operations),
select a measuring range such that measurements are carried out at
the upper end of the 20 dB scale (for accuracy reasons).

1f automatic range selection is activated by depressing pushbutton

AUTO SET| once, the measuring range is always set such that the

meter indication is to the left of the O dB mark.

The advantage of this lies in the simple addition of two negative

values (measuring range and analog value) in most applications.
g g
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Maximum extent of the measuring range:

for the 1 dB scale : +20 dB (+30C dBm) ... -120 dB {(-110 dBm)
for the 20 dB scale: +20 dB (+30 dBm) ... -120 dB {(~110 dBm}
for the 80 dB scale: +20 dB (+30 dBm) ... - 40 dB {-3C dBm)

Note: If, when the 80 dB scale is selected or when the unit

is switched from the coaxial to the balanced input, a direc-
tion arrow 4 appears in the measuring range display for

the most sensitive measuring range (see section 4.6.3},

turn rotary switch [:] anticlockwise (against the direction
of the arrow) or depress the pushbutton | AUTO SET} . If

the arrow appears in the 1 dB range, turn the rotary switch

anticlockwise and then clockwise again or depress a function
key.

4.6.2.2 Scale Range

Three scale ranges are avaitable for level display. The re-
quired range is selected by one of the three pushbuttons

1 dB, 20 dB or 80 dB; at the same time, the LED for the appropriate scale
in the meter is 11t (see Figure 4-3}.

The scales span the following:
I dB scale: -1.5 to +0.3 dB
Used for measurement of single, discrete

signals with maximum accuracy or for measure-
ment of small level differences.
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20 dB scale : -20 to +Z2 dB
Use for general measurements, for noise
measurements, during search or track operations,

or for distortion measurements.

80 dB scale : -80 to +0 dB
Used for cverview and sweep frequency mea-

surements with large level differences.

The bottom scale on the meter is used for measurement of
phase jitter (see section 4.9) in analog mode. The range
extends from 0.3 to 30 °
to permit indication of small jitter values with maximum

and is divided logarithmically

resolution.

LED's for

Level display
expanded (20 G1 84) —ur]
normal 20 dB {20 Gl 85)-1o
normal 80 dB (20 G1 86)—© TN

Figure 4-3 Analog meter of the SPM-19 (Series Do)

Rapid Signal Detector

The LED alongside the meter is used as a tuning aid for
rapid location of unknown signals when tuning manually
in 1 dB or 20 dB scale range.
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If the frequency of the level meter is changed rapidly
with knob ﬂﬂ , see section 4.4.2, the signal detector
with the LED reacts more rapidly than the relatively
siow analog meter. As scon as a signal whose level would
result in a deflection above the scale marks approx.

-15 dB or approx. -1.2 dB, respectively, is present at
the receiver input, the LED lights.

In search mode (see section 4.12), illumination of the LED
is also used as a criterion for automatic stopping of
automatic frequency tuning.

Note: 1) In the more sensitive measuring ranges, the LED may
also Tight at a scale indication < -15 dB, according:
to the selected béndwidth, as the peak evaluation
of the signal detector can permit single noise spikes
in the receiver noise to activate the diode. This
can be prevented by selecting a smaller bandwidth.

2) 1If the 80 dB scale is selected, the LED lights con-
tinuously.

DIRECTION ARROWS IN THE LEVEL DISPLAY

Direction arrows in the level disp?ay (Figure 4-4) signal an invalid
measuring range in analog mode and an invalid result in the digital
mode; in digital mode, they also indicate that the level at the meter
input is higher & or Tower 4* than the currently displayed level
during the measurement, as the result of a sudden Tevel change.
Direction arrows can also appear with amplitude modulated signals at
low modulating frequencies. In this case, it is recommended that the
analog meter scale of -20 dB be used instead.
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|
I
829:22

Figure 4-4 Direction arrows in the level display

The direction arrows disappear

in analog mode:

Digitai mode:

NOISE AVERAGING

in the 20 or 80 dB scale by depressing the
pushbutton | AUTO SET| or turning the
measuring range switch [g] one position

anticlockwise (against the direction of
the arrow}. '

In the 1 dB scale, by turning the range
switch [:} one position anticlockwise and
then clockwise again or by depressing a
function key in DISPLAY panel {the
direction arrow indicates that the display

expander is not measuring a signal).
after one further measurement,

AVRG

level measurements are normally carried out with noise

averaging switched off (LED off). When signals with over-

laid noise or the basic noise of a system is measured,

the display would be unstable. In this case, noise averaging
is switched on by depressing the pushbutton |AVRG | (LED

Tights). Thereupon, the measured value is averaged over




4.7.1

a longer period, the average value from a number of single
measurements being formed in digital mode.

In digital mode, with selected measurements, and with

noise averaging on, the resolution is 0.01 dB. If the
signal-to-noise ratio is too low or if the signal fluctuates,
the display automatically switches to a resolution of 0.1 dB.
Wide-band measurements are always carried out with a reso-
Tutien of 0.1 dB.

BANDWIDTH

WIDE-BAND SECTION

The level meter SPM-19 operates in the frequency range 200 Hz to

25 MHz as a wide-band receiver if bandwidth switch is set to the
position "WIDE". This mode makes it possible, for example, to measure
the wide-band sum level, i.e. the base band load, in all CF systems
with 12 to 3600 channels. Measurement of the noise power ratio (NPR)
in freguency multiplex transmission systems with the Auxiliary Device
white noise program (see section 4.23) also starts with automatic
measuring, storage, and further processing of the wide-band level.
Due to the rectifier characteristic, noise signals such as the sum
level of active CF systems, thermal noise, or intermodulation noise
results in practically the same indication as for a sinusoidal signal
of the same rms value.

The measured level can be displayed in either analog or
digital form. In the case of digital display, the resolution
is 0.1 dB.
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SELECTIVE SECTION

The SPM-19 can be set to five different bandwidths. Typical
selectivity curves of the level meter are shown in section
5.1. Depending on the application, cne of the following

bandwidths is selected with the bandwidth changeover switch ﬂﬁ :

Bandwidth 25 Hz

The narrow filter permits level measurements in the frequency
range 50 Hz to 25 MHz. It is used mainly for analysis of
signal components which are closely spaced, for example

for measurement of group or super-group pilot frequencies,

or in order to block excessive neise at the input.

Bandwidth 400 Hz

This bandwidth permits level measurements at frequencies
0f 2 kHz and higher. It is used for sensitive measurements,
for analysis of neighboring signals, and to block interferring

nocise.
Bandwidth 1.74 kHz

This bandwidth permits weighted noise measurements in accor-
dance with CCITT in the speech channels of the CF trans-
mission band and measurement of the noise power ratic (NPR)
(see also section 4.23).
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Bandwidth 3.1 kHz

The bandwidth of this filter corresponds to the width

of a telephone channel. It has a very low ripple in the
band-pass and steep edges at the limits of the band. It

is used for measurement of the unweighted noise and of

the power in single speech channels and is automatically
selected if demodulation of single sideband signals is
activated (see section 4.8), It is also possible to measure
pulse noise in carrier frequency speech channels if an
external unit {e.g. DLM-3) is connected to the demodulator
output R3] (see section 4.8).

3andwidth 48 kHz

This bandwidth permits measurement of the power in a primary
group.

As the final intermediate frequency of the level meter is 10 kHz, this
bandwidth is implemented by rapidly sweeping the SPM-19, with the
bandwidth set to 3.1 kHz, around the selected frequency, resulting in
an effective bandwidth of 48 kHz, and integrating the measured values.
The function “SWEEP" is thus automatically switched on when the 48 kHz
bandwidth is selected. Sweep measurements are therefore not possible
with this bandwidth; however, the two STEP direction pushbuttons for
manual measurements with constant frequency increments or the AUTO
STEP function can still be used.
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DEMODULATOR

The built-in measuring demodulator of the SPM-19 permits
demodulation of received signals which are modulated with
a single sideband. An important characteristic of the
demodulator is its wide dynamic range of more than 70 dB.

d8m | Level at
demodulator output

82915

1 1 i

-20

B Channel noise
+10 dBm or leve

!
|
!
!
!
|
|
i
1
j
|
|
|
|
|
|
|
|
%
0

-80 -60 -40
Figure 4-5 Dynamic range of the measuring demodulator
Relative level -50 to +10 dBr

The demodulator is activated with the switch ﬁ@ , in the
two positions M afl . The 3.1 kHz bandwidth 15 always

active for these measurements. In addition, the analog mode
must be selected. The demodulated received signal is avail-
able at output socket [23) with an internal impedance of

600 Ohms. The output level is approximately O dBm if the
meter indicates 0 dB on the 20 dB scale and if the load
impedance is 600 Ohms. The intrinsic noise at the demodulator
output is around -70 dBm, and the overdrive Timit is approxi-
mately+10 dBm

4-29



4-30

If CF systems with a maximum of 3600 channels are used,
the best drive level is achieved if the relative level
(dBr) is set to match the system access point and a
measuring range ¢f 0 dBmO is selected. The dynamic range
which can be handled by the unit is shown in Figure 4-5,

Switch i@ permits selection of

I - demodulation of the lower sideband {inverted position)
and

«fll = demodulation of the upper sideband {normal position).

The center frequency of the band is converted to 2 kHz when tuned to
the middle of the channel. If the level meter was previously tuned to
the suppressed carrier, it must be detuned for correct demodulation,
namely by -2 kHz for Qm and by +2 kHz for . With a bandwidth of
3.1 kHz, this results in a demodulated frequency band of 450 Hz to
3.55 kHz.

If an AF signral in this frequency range is connected to

the input of the SPM-19 and is to appear without change

at the demodulator output , then the level meter must .
be set to 2 kMz and position afll

The demodulated input signal can also be monitored with the
built-in loudspeaker. The volume of the loudspeaker can be
adjusted with potenticometer gﬂ

The automatic level calibration circuit can be switched off with push-
button if the short interruptions during the calibration of
the signal cause interference with measurements {e.g. in the case of
interruption measurements}.



4.

Additional instruments such as interruption meters and
pulse noise counters can be connected to the demodulator
output @Q for further processing of the converted signal.
The data line test set DLM-3 from Wandel & Goltermann is
suitable for both of the above tasks.

For interruption measurements in accordance with CCITT

0.61, the level meter is tuned to the frequency of the
carrier frequency signal and the resulting 2 kHz signal
from the demodulator is extracted at output Eﬂ . The
automatic level calibration circuit must be switched off.

Due to the wide dynamic range of the measuring demoduiator

and of the flat 3.1 kHz filter, the level meter 1s particuiariy
suitable for converting carrier freguency telephone channels
into the AF range. In order to avoid measuring errors, parti-
cular efforts were made to ensure that all modules which
participate in conversion reproduce the characteristics of

CF channel converters as closely as possible. For this reason,
the SPM-19 can be used with an external counter in accordance
with CCITT 0.71 for pulse noise measurements over the whole

freguency range of the leveil meter.

The quartz controlled freguency tuning permits precise
counting of events over long periods.

PHASE JITTER MEASUREMENTS

Phase jitter measurements with digital or analog dispiay
can be carried out in order fo access the transmission

qualities of telephone lines for data transmission.
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4,

9.1 CAUSES AND EFFECTS Of PHASE JITTER

Phase jitter on data lines which are transmitted through
carrier frequency channels results mainly from unwanted
phase modulation of the carrier signals participating

the frequency conversion on the transmit and receive

sides with interference components such as the low fre-
quency ringing signal or harmonics of the mains freguency.
The basic channel noise also has a certain effect in
creating phase jitter. Phase jitter changes the zero
transitions of the data signal and can result in incorrect
bits on the receive side after regeneration of the signal.

This makes it necessary to check data lines in corder to
ensure that their phase jitter values lie within specific
maximum limits. In addition national PTT authorities, which
have issued regulations with this respect, the CCITT also
specifies maximum values.

9.2 SETTINGS ON THE LEVEL METER

For measurement of phase jitter in the frequency range

2 kHz to 25 MHz, switch [16] s used to select the position
Cbpp and the appropriate operating mode analog (ANLG) or
digital (DGTL) is selected. A bandwidth of 3.1 kHz is autc-
matically selected. The weighting filter and the rectifier
characteristic for measurement of the peak-to-peak value
comply with CCITT recommendation 0.971.
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For measurement, the signal level should be » -60 dB
(-50 dBm). If the signal is too low or is not present,
the SPM-19 generates the following

Error Indication

for analog display: by full-scale deflection of the meter
and by switching off the signal
detector €.

for digital display: by & warning arrow 4 in the level
display and a jitter indication of
30.0 °.

Tuning
of the receiver depends on the measuring task in question,
the following applications being possible:

a) Measurements of a single tone or in a carrier frequency
speech channel in a system, in the vicinity of which
no signals (neighboring channels, pilot frequencies,
diailing tones) exist except for the measured tones.
In this case, the meter is tuned to the tone to be measured.

b) Measurements in an inactive CF channel,
In this case, the SPM-19 should be tuned precisely to
the center of the channel, The freguency position of
the measured signal within the 3.1 kHz bandwidth has no

effect on the measurements.



c) For measurements with the 1020 + 10 Hz test tone in
the speech channel, the SPM-19 must be tuned to 2 kHz.

Display
of the result is either on the logarithmically divided lower

scale of the meter or on the digital display, with an indi-
cation range of 0.3 to 30 9,

The resolution of the digita)l display is

for phase jitter values ¢%W=% 40: 0.1°

for phase jitter values 4° < @) <10 % 0.2 °

for phase jitter values 10° < <30 % 0.5 °,
pnase O pp <

The minimum indicated digital vaiue is 0.3 9. The intrinsic
jitter of the Tevel meter is typically 0.2 °.

For external processing of the phase jitter fesu]t, the

Y-voltage output g@ ., see section 4.714, can be used for
driving a strip recorder,

Likewise, the demodulated phase-jitter signal is available at demodu~
Tator output on instruments commencing with Series D. The output

level is proportional to the analog meter reading and equals approx.
-10 dB for a 30" reading.

4.10 AUTOMATIC FREQUENCY CONTROL AFC [5]

The AFC is used for automatically tuning the synthesizer

to input signals whose freguencies are unstable. It can also be

used as a tuning aid for input signals whose freguency is
not precisely known. In order to permit AFC to function
correctly in the case of selective measurements with band-
widths of 25 Hz to 3.1 kHz, the SPM-19 should first be tuned
in analog mode until there is a meter indication on the 1 dB
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or 20 dB scale. After this, the AFC is switched on by
depressing the pushbutton , causing the synthesizer
to tune itself precisely to the signal frequency and the
level indication to reach the maximum value.

In the operating mode SEARCH - see section 4.12 - the AFC
is switched on automatically when an input signal (single
signal or single spectral line) appears within the pass
band of the IF filter {capture range).

The AFC is also active in the digital mode.

If the signal is missing or noisy, the AF{ switches itself
off and the LED above pushbutton Eg] starts to flash.

Although the capture range of the AFC is restricted to

the nominal bandwidth of the selected filter, the hoid

range extends over the whole freguency range of the level
meter. If the signal freguency changes siowly, then the
frequency display will change accordingly. In this case,

the level meter acts as a F REQ U ENCY COUNTER.

TRACK MODE

APPLICATIONS

In this mode, the S5PM-19 can be used as a tracking receiver
for selective, automatic end-to-end measurements without
any additional connection for freguency synchronization,
Measurement is carried out in {F systems in the gaps between

the various groups, which means that the system can remain
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active, in contrast to end-to-end sWweep freguency measure-

fMents with a wide-band receiver (see Figure 4-6).

A pre-

requisite for execution of thig measurement is that a leve)

generator with a similar frequency generat

ion system and

facilities for storage of a specific number of fixed fre-
quencies is available. {e.g9. PS-19, PS-6/60 with 0D-500/
ODF-601 or PS-8/PS-12 with 0D-4/0D-12 and ODF-601}. The
fixed frequencies correspond to the CCITT recommendations

for gap frequencies (additional measuring frequencies).

{Location A) {Location B)

PS-19 - oo ) >< m-amdi  SPMoIG

Generator Transmission system Selective
- or receiver

converter with frequency offset

{normal or inverted position}

Figure 4-6 Receiver tracking

Printer
gr plotter

If the generator and receiver are programmed with identical frequen-

cies (see section 4.22.3), measurement is started by initiating

sequential, cyclic transmission of the various freguencies from the

Tevel generator (with soft level switching), while the SPM-19 waits at

the START frequency in the position "TRACK". When the generator fre-

quency fs = fSTART’ the S$PM-19 indicates a level on the analog

meter during the dwell time at this frequency. When the generator

switches to the next frequency, the level indication disappears and
the LED of the signal detector C is switched off. Deactivation of the
LED causes the SPM-19 to switch to the next higher or lower fixed fre-

quency, according to the program. The generator and the receiver are

now synchronized. A plotter with pen Tift function can be connected to
the X-Y output or a printer with V.24/V.28 interface can be
connected to the printer interface for recording the measured values.

For measurements on converters (channel, group converters, etc.),

the generator and receiver frequencies can be programmed with any

required fixed frequency offset in the normal or inverted position

also see para 4.725.1.
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4.11.2 SETTINGS ON THE LEVEL METER

- Enter the fixed frequencies with
a} Memory (see section 4.22.3) or
b) fSTART’ fSTOP’ fSTEP (see section 4.4.3)

{frequency stepping with equal increments ).

- Tune the level meter to the starting frequency.

- Select analog mode and the 20 dB scale.

- Set the measuring range with switch Ei] to the expected
Jevel (% approximately full-scale deflectionj.

- Further settings:

STEP TIME/s
Generator | Receiver CAL AVRG ﬁﬂ
0.3 0.1 OFF OFF
1 0.3 ON/GFF OFF
3 1 ON/OFF ON/OFF

The switching rate of the generator must be matched to the
settling time of the generated level and of the unit being
tested, to the settling time of the receiver, and possibly
to the time required for a connected printer to print the
resulis.

- Activate the function “TRACK" by depressing the pushbutton
,STEPI once. The level meter now waits for the first
frequency. It remains at fSTO?'

The DC voltage present at the X-output E@ is proporticnal
to the freguency within the start and stop frequency limits.
Open circuit voltage at fSTAR? ................... -2.5 ¥

at fS?GP ...................
Open circuit veltage per frequency step fSTEP =

f
f

STEP
STOP™

5V -

foTaRT
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The BC voltage bresent at the Y-output E@ is proportional
to the meter indication. The open circuit voltage for fuill-
scale deflection is +5 V.

SEARCH

The function "SEARCH" permits automatic searching for
signals of unknown freguencies which 1ie above a preset
level threshold, such as single interference lines or
excessively high levels (hot tones) in transmission systems.

The level threshold is set in the analog mode with the measuring range
switch [:], normally in the 20 dB scale range. As the search stops
when the signal detector lights, the lower threshold of the signal
detector must be taken into account for correct selection of the
measuring range. The reaction threshold is as follows for the various

scales:

i dB scale: approximately -1.2 dB
20 d8 scale: approximately -15 dB
80 dB scale: at approximately -40 dB (LED lights continuously)

With Level Meters that are connected to printers there is a possibi-
1ity for entering two exact level thresholds (See 4.25.3.5) that only
cause a printout, within the adjusted display range, if the thresholds
are exceeded above or helow.

Setting example for the level threshold:

Level values >-80 dB should be searched for in the 20 dB scale
range. Set the measuring range to (-80 +15} dB = -65 dB.

In the case of low input levels which lie close to the intrinsic

noise of the level meter, it is recommended to select a narrow band-
width as otherwise single noise spikes could cause the signal detector
to react and would block the search operation (see section 4.6.2.3).

Search operation is possible with the bandwidths 25 Hz to 3.1 kHz.

The search speed is matched optimally to the selected bandwidth, as
shown in the following table. When the 80 dB scale is switched in, the
search speed is lower.



4.12.1

Bandwidth 3.1 kHz 1.74 kHz 400 Hz 25 Hz

Search speed 1 MHz/s 250 kHz/s 20 kHz/s 200 Hz/s

" Calibration is carried out in accordance with the criteria specified

in section 4.5.

Two different operating modes can be selected, these
being described in more detail in sections 4.12.1 and
4.12.2.

SINGLE SEARCH F {FULL RANGE)

In this mode, the search function is executed over the whole fre-
quency range, regard}eés of the stored freguency limits fSTAR? and
fSTOP' It is recommended, particularly for slow search speeds (nar-
row bandwidths), to set up a starting frequency be depressing push-
buttcn[:f:]or :fgi;gi] and entering the frequency via the keyboard
ﬁéﬂ. After the level threshold has been set (see section 4.12}, the
search is started by depressing cne of the SEARCH direction pushbut-
tons. As soon as the signal detector lights, the search function
stops. At the same time, the AFC is switched on (see section 4.10)}
and tunes the level meter precisely to the single or to a discrete
spectral line at the meter input.

The search can be restarted at any time by depressing one
of the two direction pushbuttons F.

If the input signal is not present or if the measuring range
is not sensitive enough, the search function stops at the
frequency band Timits. The search can be stopped at any

time by depressing one of the pushbuttons MHz | , ikHz )
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CONTINUOUS SEARCH OPTimum, BN 829/02 ONLY

In position OPTimum of the SWEEP TIME changeover switch , the
search is carried out within the frequency limits specified with
fSTART and fS?OP' It is also possible to have the level meter
periodically searched for excessively high signal levels, with simul-
taneous evaluation {printout of level and frequency with SPM-19). This
permits automatic system monitoring. .

Settings on the SPM-1G:

- Enter the start and stop frequencies (§START’ fSTOP) as
described in section 4.4.3.2.

- Select analog mode

Select the bandwidth and level threshold as described

in section 4.12.

Select the position "OPT" with changeover switch (17
- Depress one of the pushbuttons SWEEP.

Q /\/\/ for periodic search
SWEEP|O 7~ for single search

select the starting frequency fSTAR? or
f

STOP-

The search can be stopped at any time by depressing one

of the pushbuttons Eﬁgﬂ . [gga s ]@gﬂ

A plotter can be connected to the X-Y output @E gﬂ for
recording the interference lines.

In the SPM-19 an Auxiliary Device printer interface can be fitted and
permits the connection of printers with V.24/V.28 interfaces. In this
case, the level and frequency can be printéd, followed by an automatic
restart of the search operation {see para. 4.25.3).

Note: Should the search operation stop at one of the frequency limits
immediately after hafing been started with the button SNEEPyAVA,
it is necessary to move the smﬁ‘tch away from the position
OPT and then back. After this the search operation should be
started once again with the button SWEEPVAVA.
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SWEEP (VERSION BN 829/02 ONLY)

In the analog mode of equipment version BN 829/02, it is possible to
carry out sweep frequency measurements which permit the measuring of
test objects with extremely steep flanks, due to the good
characteristics of the synthesizer such as high spectral purity and
phase continuity when the frequency changes. Figure 4-7 shows the con-
figuration and interconnections of a sweep frequency test set-up with
the level generator PS-19 and display unit SG-2/SG-3. Cables K 350 or
K 137 serve for the switching over of the automatic level control
settling time constant of the Generator {slow auto control settling
when the frequencies are lower than 10 kHz). Operation and calibration
of the dispiay unit are described in the description and operating
manual for the SG-2/5G-3.

Graticule SGS-209 (309)

$G-2/5G-3 3
A—-Units:
K145 SGV-21 Vertical amplifier
K 350 i SGH-21 Horizental amplifier
SGR-21 Horizontal reference lines
SPM-19 (1[ OOC:} SGR-22 Vertical reference lines
G

= =0

PS-19

: O] | 4 BNC cables
Y

Figure 4-7 Configuration and interconnections of the sweep

frequency measuring set-up (rear view)

The frequency is set digitally with an increment which
depends on the sweep range and the deflection time. The
microcomputer calculates the increment, taking into account

that the frequency 1is stepped every 60 ﬁs.
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SETTING UP THE SWEEP LIMITS

This depends con the application.

For wide-band test objects, it is advantageous to enter
fSTART = lower {(upper) sweep Timit and

fS?GP = ypper (lower) sweep limit

via the keyboard E@ (see section 4.4.1).

For narrow band test objects,

fCENT = center freguency and
Af = sweep width (fSTOP - fSTART)
are entered (see section 4.4.1).

Example: fCEN? = 10 MHz, Af = 10 kHz

Input: [ Foeyt 10 @ 10 kHz

After depression of the pushbuttons fSTART cand fSTOPi \

the sweep 1imits (in this examplie 9.995 and 106.005 MHz) are
displayed in the frequency display D.

Note:

A frequency appearing in the frequency display D and
asstgned to the pushbutton[:i: can be transferred to
the memories for the parameters in the input panel
if pushbuttonj%s held down and one of the
pushbuttons in panel is depressed. A typical
application of this is measurement of test objects

with extreme resonance pcints, such as quartz filters.
{See also section 4.4.4}. In this case the SPM-19 is
tuned continuously with pushbutton £ to a maximum level
indication and sweep frequency operation is then carried
out with center frequency and sweep width settings.



4.13.2  SWEEP SEQUENCE AND TIME

The two pushbuttons SWEEP permit selection of

SWEEP C)VAVA periodic, triangular sequence

SWEEP|O " single sweep

If the pushbutteon whose function is currently active is

depressed momentarily during sweep frequency operation,
the direction of sweep is reversed.

SWEEP TIME

The time for one sweep can be set in the range between 0.1 and 300 s
with SWEEP TIME changeover switch .

In the case of single sweep operation, the starting
frequency is selected by depressing one of the pushbuttons

forarT| ©F fSTGPI , and the sweep is then started by

depressing the pushbutton 15wEEP s

Settling check (settling of the test object) can be

carried out either visually (the forward and backward
traces of the sweep curve must coincide) or by depressing

the pushbutton —EQEEP VAVA.In the latter case, the defiec-

tion is stopped momentarily at regular intervals. If the

test object has not settled correctly, this results in a
staircase waveform of the sweep curve and the sweep time
should be increased. Depression of the sweep pushbutton

is particuiarly advantageous for slow sweep freguency
operations where the persistence of the display unit screen
is not sufficient.
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MANUAL SWEEP

In the position "MAN" of the SWEEP TIME changeover switch s

with one of the two SWEEPI pushbuttons depressed, the
frequency can be swept manually within the Timits set
as specified in section 4.13.1, using the knob

The X-defiection voltage at output is proportional
to the sweep width and its maximum values are + 2.5 V.

If the manual tuning knob is turned siowly, ihe frequency
changes proportionally; if the knob is turned rapidly,
the freguency change is accelerated.

DISPLAY UNIT CONNECTION

The display units SG-2 (screen size 120 mm x 85 mm) and
SG-3 (screen size 210 mm x 150 mm) from Wandel & Goltermann

are suitable for display of a sweep frequency curve.

The display unit should be connected via a suitable cable
(e.g. K 145, see also Figure 4-7) to socket 42] on the
rear side of the SPM-19. No further cable connections are
necessary.

The X- and the Y-signals for‘horizonta1 and vertical de-
flection of the sweep curve are available at the display
unit connector {see Figure 4-8 for pin assignments). The
signals are equal to the DC voitages at the Y-output g@
{see section 4.14) and X-ocutput 125 {see section 4.15).



Pin Signal designation

Switch to reference line voltage

1y

4
5 Pen 1ift function S pen up
6

pen down
@ 7uuuuuuu1
' rwmmrwwwm g “X-deflection voltage

10 Y-deflection voltage

12 Blank the measuring line
13 Y-comparison line voltage
14 Ground

'Figure 4-8 Pin assignments of the display unit connector ﬂﬁ

‘The level values of the horizontal reference lines generated
within the display unit can be displayed on the SPM-19

‘méter B via connector ﬂﬂ . Three horizontal reference lines
can be set up in the reference line insert SGR-21 for measuring
tHe sweep curve. The brightness of one line can be increased
with respect to that of the other two lines by depressing a
pushbutton. At the same time, the meter indication of the
level meter is switched from the received level to the
comparison Tine level. A black bar and the test "REF,LIN."
appear in the bottom left corner of the level display A.

The display mode should be taken into account as described

n section 4.6.2, when reading the level value.

The pen 1ift control simplifies operaticn of plot-
ters connected to socket ﬂa . With suitably equipped
plotters withn TTL-control {e.g. HP 7015 B}, this func-
tion ensures that the pen is Tifted during setting up
of the sweep conditions and is Tcowered onto the paper

only when a single sweep is initiated.
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DC_(Y-) OUTPUT f24

A Y-deflection voltage which is proportional to the meter
indication B is available at output [24 , for example for
driving & plotter. The cpen circuit voitage is +5 V for
full scale deflection of the analog meter, with an internal
resistance of 5 kOGhm. This DC voltage is also available at
the 14-pin socket on the rear of the SPM-19 (see |

~section 4.13.4),

For the calibration of the Y axis of an X-Y recorder, the following
is done:

- Test signal or signal from the 10 MHz output is fed into the
SPM-19 input

- Measure level in mode ANALOG with the desired scale and Store as a
reference value {see 4.6.1.2),

- Press pushbutton ABS-REF. Analog reading is 0 dB ¥ upper reference
point.

- Remove test from input * Tower reference point

DC (X-) 0UTPUT [75)

The DC (X-) output EE supplies a deflection voltage which
is proportional to the frequency within the frequency 1imits

fSTART and fS?OP’ for example for driving a plotter or a
display unit.

Regardless of the selected range, the open circuit veltage
is

at foqppys ~2-5 ¥
at fSTOP: +2.5 Y ;
With an internal resistance of 5 kOhm.

This DC voltage is also available at the 14-pin socket on the
rear of the SPM-19 (see section 4.13.4).
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10 kHz IF QuTPUT [43]

. The last intermediate frequency [IF} of 10 kHz can be

extracted at the output socket @E] on the rear of the
unit., This output is suitable, amongst other things,
for connection of plotters with AC inputs and of very
selective analyzers.

The output frequency is always 10 kHz, even in wide-band
mode.

At meter indication of O dB and with an internal impedance
of 600 Ohm, the output level is -10 dB when terminated

with a 600 Ohm Toad.

REMOTE CONTROL OF THE LEVEL GENERATORS PS-18, PS-19, P55-19

The level meter SPM-19 can be conbined with the above-
mentioned level generators to form a compiete Tevel
measuring set.

If the generator and receiver are used at the same location,
their freguencies can be tuned synchronously from the 5PM-19.
This operating mode, in which the level meter controls the
level generator, provides considerable simplification of
operations. For remote control of the generator from the
SPM-19, the control outputs (44 and 5@ of the SPM-19

are connected with coaxial cables to the control inputs

of the aenerator. (See Figure 4-7). When this connection 1is
established, the frequency display on the PS-18 or P5~19

. is switched off ("external frequency tuning" on) and the two

units cperate synchronously.
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TRACKING GENERATOR OUTPUT (Series D...)

If no level generator is available, then the send signal can be ex-
tracted from output for frequency response measurements in range
200 Hz to 25 MHz. Output Tevel is {19 +1) dB at an output impedance of
/5 Q. The output is short circuit proof

Netes:

1. At operation mode “WIDEBAND" output frequency is 10 kHz
during calibration.

Z. At operation mode "SELECTIVE"™ output frequency is 180 Hz
at f £ 180 Hz during calibration.

3. At position "48 kHz" of wideband switch output freguency
is swept.

STANDARD FREQUENCY INPUT [51]

If the specified frequency accuracy of the SPM-19 is not
sufficient for specific measuring tasks, an external
standard frequency of 1, 2, 5, or 10 MHz can be connected
to socket Eﬂ on the rear of the unit to achieve a smaller
error in the tuned freqguency.

The necessary level with a sinusoidal input signal may
lie between -20 and 0 dB; for square-wave signals, the

voltage V may lie between 200 mV and 2 V.

pp

DIGITAL INTERFACE [40] [a1]

The level meter SPM-19 includes a digital, device-specific interface
which is available externally via the two 24 pin parallel connection
sockets and @ on the rear of the unit. Additional devices such
as the Tevel generators PSS-19 and PS-19 or the Relay Changeover
Switch RU-3, BN 323/02 can be connected to these sockets. The connec-
tion is always required only for a few specific applications in the
case of the PS-19 (see operating instructions for the PS-19). The
cable K 350, which is included with the PSS-19, 1is suitable for

‘connection. Address (2), data (8), and control (3} signals are trans-

mitted across the interface.



.20 COMPUTER CONTRGL

A1l functions of the level! meter SPM-19 can be controlled by

an external controller. This makes it possible to include the
meter in automatic measuring systems where it can handle
comprehensive measuring tasks not only accurately and reliably,
but also rapidly and at Jow costs. Figure 4-9 shows the
configuration of a simple automatic level measuring

system, which is capable of further extension.

MMz ™"

i
L0 BSMHZ "':_:\/\lpenphery,

Internal data and address bus ]
£} T 7 ﬁ? L.

g~
PSS -1G fom Qo] >< ) { SPM-19K TEC-Bus. | controler
f(\"f}r f

&

829 10

Level Test object Level meter
generator

Figure 4-9 Block diagram of a simple automatic level
measuring system.

The computer control is connected via the optional interface
board, BN 853/02, which is inserted into the rear of the level meter.
Connection to systems with IEEE 488 interfaces is done with adapter
olug S 834 delivered with the interface board. Subsequent installation
of the interface board is described in chapter 6. The external control
of the SPM-19 is signalled by indication of the red LED above pushbut-
ton LOCAL. As long as this LED s on, manual operation via keyboard
Cinput is blocked.

It is possible to switch to manual control with the computer
connected by depressing the pushbutton [LOCAL | ; this is
done in accordance with the conditions specified in the IEC
bus standard (remote/local function RLi). Details of pro-
gramming of the level meter can be found in the separate

manual "Remote control and programming of the SPM-18".
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IEC 625) INTERFACE BUS

5
E ] Q Addeess and gontrol bus
= B
1
g B N |
M | !
£ —
. l
3 T .. Adress #P meisage merorpty MO 55 438 2 !
i Vil £
2 -
[ H 3 interface logic . L_. H %
oy L { OHY et
z { i T T I [ L_['S._z =
£ AU, ES— -
H I t ! l L
latert, LIstaners Ed Talker | Status .
%7 —-%T?’ ~ tates [Byle g '—["”"“I mzcs.;qel fyte [ Syte Eontrel
I T 1
J T
[ H 1 T input ports I sutpul poris
i i
t
o omen” i
R
- L{}J —J v fete bus
i

Figure 4-10 Block diagram of the IEC bus interface

Explanation of the Block Diagram

Figure 4-10 shows the simplified block diagram of the (JEC 625
Interface. For better understanding of the following description of

the Interface concept reference to the "Interface Bus IEC 625" Bro-
schure is recommended. The differences between the IEEE and the IEC

Interface are explained in para. 4.20.2.

For the microprocessor, the IEC bus interface is nothing more than a
group of input and output ports. Data are exchanged between the IEC
bus and the Level Meter via these ports, and the exchange is con-
trolled by the IEC bus program. The PROM's which contain this program
are not located on the [EC bus interface board but are within the
Level Meter.

The actual interface logic is located in a single integrated circuit:
On the one side the interface is connected to the IEC Bus via the
required driver and receiver circuits, and on the other side the comb
connector is connected to the [/0 Bus of the micraprocessor within the
SPM-19. This interface logic handles a major part of the interface
tasks independently, i.e. without using the microprocessor of the Le-



vel Meter. It automatically handles for example the IEC bus handshake
cycle and decodes all messages which are transferred across the IEC
hus.

The interface statuses resulting from these messages are written into

the appropriate input ports.

A further input port is used as a transfer register for listener
data, representing data transferred from the IEC bus to the Level
Meter as long as the Level Meter is addressed as a listener, for
example, when parameters for setting the SPM-19 are being trans-
ferred.

The output ports are used for:

- reception of control commands with which the microprocessor can
affect the behavior of the interface logic (for example, in
addition to a wide range of other possibilities, it can stop the
nandshake cycle or transmit a service request signal {SRQ} via the
IEC bus).

- transferring data which are to be transmitted from the Level Meter
to the IEC bus, e.g. talker data and status information.
Talker data are transmitted from the Level Meter to the IEC Bus as
jong as the Level Meter is operating as a tatker, for example when
the result of measureemt is being transferred.
The status information is the Level Meter's response to a serial

poll and includes the current status.
The STMS address can be set up on an address switch {see Fig.

6-2).

The "PP" switch (see Fig. 6-2) permits selection of the data circuit
to the IEC bus on which the Level Meter is to transmit its Reguest
Service Signal (RQS) if the controller carries out a status request by
a parallel poll operation.

4.20.1.1 INTERACTION BETWEEN THE LEVEL METER AND THE IEEE BUS INTERFACE

When the IEC bus has reached a status in which operation by the in-
ternal microprocessor is necessary, the 1EC bus interface transmits an
interrupt signal to the Level Meter. As a result of this interrupt,
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the microprocessor then executes the IEC Bus program. This is always
the case:

- if the Level Meter is to be switched from manual contro} (LOCAL)
to remote control or from remote control to manual control.

- if listener data were transmitted across the IEC Bus. The inter-
face logic has then written this data into the transfer register
for listener data and stopped the handshake procedure. The hand-
shake procedure remains interrupted until the microprocessor reads
this byte (then NDAC transits to false i.e. data accepted). After
processing and storage of the listener data, NRFD is false i.e.
device ready for data can be transmitted.

- if the Level Meter must provide a new talker byte. During writing
of the new talker byte into the appropriate output port, the hand-
shake procedure is started (DAV is true i.e. data are valid).

- if a measurement is to be initiated in the Level Meter by the IEC
Bus command "device trigger (GET = Group Execute Trigger)". The in-
terface logic has interrupted the handshake procedure and this pro-
cedure remains interrrupted until the microprocessor has started
the measurement and again releases the handshake procedure (NDAC is
false and NRFD is false).

- 1{f the Level Meter is to be set to a specified initial status by
the IEEE Bus command “device clear (DCL or SDC = Selected Device
Clear}". Again, the interface logic interrupts the handshake cycle
and it remains interrupted until the microprocessor has set the lLe-
vel Meter to the initial state, when the handshake cycle is again
released (NDAC is false and NRFD is false).

If the strap CLR is fitted on the IEC bus interface board, the IEC

bus signal IFC (Interface Clear) causes the Level Meter to be ini-
tialized. This permits the Level Meter to be initialized at any time
via the IEC bus, even in the case of a lock-up situation. (This is im-
portant for devices in unmanned stations where a lock-up situation re-
sulting from external interference cannot be cleared by switching the

mains voltage off and on again).
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4.20.1.7
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BUS SPECIFICATION AND BUS PLUGS

Up to 15 devices can be connected together in an automatic
measuring system which is compatible with the LEC bus.

The devices are connected in parallel via the standard
interface.

Lach single device is connected to the bus via a connection
cable with a maximum length of 2 m. The total length of the
bus must not exceed 20 m. Greater lengths can be implemented
by means of interposed interface couplers {by a two-wire or
four-wire connection) or modems.

The IS0 7-bit code or the ASCII code is used on the inter-

face and is transmitted parallel by bit and serial by
byte.

The pin assignments of the bus plug on the level meter are shown in
Figure 4-11. The most important difference between the and
the IEEE 488 interface is in the construction of the plug (IEC: 25 pin
cannon plug; IEEE: 24 pin Ampheno! plug) and in the pin assignments.
However, test equipment with [EC connections can be connected easily
to the controllers with IEEE interfaces by using the adapter plug

S 834 which is included in the package with the interface board.

[N 3l

: A /{\ e
{ HEIIN )
0IQ 1 Iﬁ"_gﬁ
i 02 o w
! Bigs b o4l D
I .- o Cioa b ‘
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| Gugemer (5010 il -noas R Ty
| (.:mguneug - P fo _'5 s

4 - L - N+ Lt
15 Twistedy 11 - RIS N 2;‘,& GABLE J°8 divipe
I Jrogstherinz- 14 o il cags  SMERDR T
i Smmao ) 1 OSHIELD =
! IEC connactor IEEE connector
i {plug) {socket)

Figure 4-11 Pin assignments of the bus connector on the
ievel meter,
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PRINTER CONNECTION

A printer interface BN 905/01 can be fitted in level meters
for recording and documentation of the measured results

on a printer. The interface is instaliled on the rear of the
unit, instead of the IEC interface board, as described in
chapter 6.

A11 printers with the CCITT V.24/V.78 interface can be
connected. Wandel & Goltermann recommends connection of the
printer

TREND 800 RO 8

from the supplementary program. The technical data and the
versions of this printer are available in a separate spect-
fication.

Initiation of a printer operation can be carried out manually with
pushbutten or automatically after each measurement. The opera-
ting modes and the various print formats are selected on the keyboard
through entry of a program number. Further details can be found in the
operating instructions in section 4.25.3.

MEMORY FUNCTIONS (MEM)

A number of fixed frequencies and equipment settings can be
stored and recajled later with the blue pushbutton MEM . This
permits rapid execution of measurements at freguently used
frequencies and equipment sefttings. If the level meter 15
switched off, or if the mains supply fails, a built-in Ni-

Cd battery provides power supplies for the memories, retaining
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4-5b

the data for approximately 4 weeks. If it is necessary to retain the
parameters and data for longer periods, the EPROM module BN 829/00.03
Ruxiliary Device can be fitted {see section 4.23). This module is RERVES
grammed in accordance with the customer's specifications. In addition,
this module permits simple execution of white noise measurements as
the noise power ratio, the reduced noise level, and the reduced noise
power can be displayed directly with the measuring program included in
the module. For whife noise measurements alone instead of this, the
favorably priced EPROM BN 829/00.02 can also be used.

ADDRESS ORGANIZATION

Table 4-3 provides an overview of the addressable memory
positions (address and program numbers) and their contents.
As can be seen from this table, 100 fixed frequencies and
Il complete equipment settings can be programmed as required.
The parameters and data are stored in a RAM and are not
cleared when the unit is switched off (see section 4.22).
They can be overwritten at any time with new entries.

In addition, a maximum of 100 further fixed frequencies and 40 equip-
ment settings can be stored in accordance with the customer's specifi-
cations in an EPROM (see section 4.23.1). Numerical inputs of 1000 or
greater are interpreted by the level meter as test program numbers for
special measuring or operating modes, such as white noise or level
difference measurements, test programs, or operating programs for
cornected printers.

The built-in test programs listed in Table 4-4 are stored at the
addresses 111, 112, 115 or 119. When the appropriate address is
connected, the currrently stored program number appears in the level
display A as long as pushbutton is depressed. When the push-
button is released, the level meter executes the stored test program.



The level meter can be switched back to a normal test
program by depressing one of the display pushbuttons

{e.qg. [%%Eﬁ ).

Address Contents (data) Remarks
0 ... 99 | Fixed frequencies Freely programmable
After initial program load™: 0 kHz.
100 ... 110 : Equipment settings Freely programmable
After initial program load":
standard set-up.
111 White noise program Input via program number as
112 Level difference measurement shown in Table 4-4,
115 Printer programs RU-3, BN 323/02 required
119 Internal test programs for program 112
200 ... 299 | Fixed frequencies Fixed, as specified by customer.
300 ... 339 | Equipment settings Fixed, as specified by customer.

Table 4-3 Address Organization
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Program number

Contents

1000 ... 1038
1100

1200
2012/2021

5000 ...
9001
9901
9901

NPR measurement with various systems (see 4,723.2.3)

Measurement of the reduced noise level
(see 4.23.2.1)

Measurement of the reduced noise power
(see 4.23.2.2)

Measurement of level difference, channel 1 (2) -
channel 2 (1) with RU-3, see 4.25.2

Printer programs (see 4.25.3.2)

‘Standard Setup

Test program, dB calibration

Test program, dBm calibration

Table 4-4 Program Numbers

+) Note: The program number 9000 should be used only when actually

required e.g. to clear the fixed frequency RAM, because all

addresses 0 to 99 are cleared and all contents of addresses

100 to 110 are loaded with the "standard set-up" as specified

in section 3.6. {Initial program load). If the power supply

for the RAM from the built-in Ni-Cd battery was interrupted,

for example during repair, it is recommended that likewise

address 9000 be recalled or the pushbutton T below the upper

Case cover be depressed. (See also section 3.6 and Figure

6'2)—

If an attempt is made to store or recall fixed frequencies

or equipment

(e.g. 2--001

settings at invalid addresses, an error number

invalid address number) appears in the fre-

quency display D. The meanings of the error numbers are

shown in Table -2,




4.22.2

The Functions Store and Recall

Data and measuring parameters can be stored and recalled

as required with the two pushbuttons E;Eﬂ and [Egg on
control panel Eﬂ . After entry of the values, the following
pushbuttons musi be depressed:

Store: EE%E

address number STO

The LED above fhe pushbutton. E@i? blinks as long
as the function key is not “depressed. An
error number appears if an invalid address is
selected (see section 4.22.1).

Recall:

address number RECL

The LED above the pushbutton ?ﬂiﬂ blinks as long
as the function pushbutton [EEE‘ is not depressed.
An error number appears if an invalid address is

selected (see section 4.22.1}. After a successful

recall, the MEM function remains active and further
addresses can be entered via the keyboard Nz or

the addresses can be stepped sequentially by de-

pressing the two STEP dirvection pushbuttons, Automatic
stepping is possible in the address ranges 0 to 99
and 200 to 299.

When the MEM function is active, the selected address number

is displayed in the frequency display D as long as the push-

button (RCL

is depressed.
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4-60

STORING THE FIXED FREQUENCIES

Number: Up tec 100 fixed frequencies
Address range: 0 ... 99 (see Table 4-3).

- Enter the required freguency on the keyboard (see section
4.4.13%.

- Depress (MEM) (LED must tight).

- Enter the required address on the keyboard [12

- Depress |570

- Enter the next frequency.

If it is necessary to enter a large number of fixed fre-
guencies in sequential addresses, remembering of the last
address which was used can be avoided by using a different
input procedure, as described below:

Enter first frequency - |MEM| on - enter starting address -

[MEM] on - Step o] - TmEM] off -

Enter second freguency - [MEM| on - [STO! - |[MEM; on - Step

etc.

RECALLING SINGLE FIXED FREQUENCIES

from the address ranges 0 ... 9% and 200 ... 299
(with Auxiliary Device BN 829/00.03 only).



- Depress .

- Enter the required address (frequency) via the key-

board (12|

- Depress RCL! . The required fixed freguency appears
in the frequency display.

As the MEM function remains active, fyrther fixed fre-
quencies can be recalled immediately simply by entering
the address.

4.22.5 RECALLING A SEQUENCE OF FIXED FREGQUENCIES

1f measurements are to be carried out with several fre-
quencies which are stored as sequential addresses in the
RAM, settings can be simpiified considerably by manual
or automatic recall. '

a) Manual recall
- Select the required starting address {frequency}
~as described in Section 4.22.4.
- The following fixed frequencies are then selected
with the two STEP direction pushbuttons " L ", Ea
The function MEM remains active. The corresponding
address number is displayed if the pushbutton 6@3}

is depressed.

b) Automatic recall
In this mode, the start and stop addresses {frequencies)
must be specified. Measurement is then always carried
out within the preset Timits. This mode is used, for
examplie, for selective end-to-end line measurements
{see section 4.71).
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~ Depress |MEM

- Depress fSTART and enter the start address on the
keyboard 12/

- Depress .RCL

- Depress fSTOP and enter the stop address via the
keyboard [12]

~ Depress

- Set the step time with STEP TIME changeover switch .

- Depress fSTART’ RCL, {(Set to START address)

~ Depress [STEP| twice (LED “AUTO" must tht)l).

Measurements are now carried out one time from the START to the STOP
addresses. The measurement can be repeated if, in consecutive order,
the pushbuttons fS?AR?’ RCL, STEP (2x) are depressed. Depending on
the settings, the frequencies are stepped in ascending or descending
order of addresses. If the mains power supply is interrupted and
switched on again, the unit switches back to the old operating state.

Switching Off

of this cperating mode: depress a function pushbutton such as

and depress pushbutton .

1) If START and STOP addresses are not in the same memory area [RAM
or ROM area), then the error number appears 2--004. This is also
displayed when the TRACK mode is switched in.
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4.22.6

4.22.7

STORAGE OF EQUIPMENT SETTINGS (SET-UPS)

Number: up to 11 complete front panel set-ups.
Address range: 100 ... 110 (see Table 4-3).

With the exception of the two functions AUTO STEP and
TRACK, all functions and parameters which can be selected
on the front panel can be stored. Storage and recall is
carried out as described in section 4.22.2:

- Input of the required parameters and data.

- Depress |[MEM{ (LED must light).

- Select the required memory position (address) on the
keyboard

- Depress LEEO

- Enter the mext equipment setting.

AUTD STEP and TRACK functions are possible if, after
recall of the required set-up, the start and stop
addresses are entered as described in 4.22.% b.

RECALL OF EQUIPMENT SETTINGS (SET-UPS)

from the address ranges 100 ... 110 and 300 ... 339 (with BN
829/00.03) is carried out as described in section 4.22.2:
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- Depress |MEM

- Enter the required address (set-up) on keyboard EE

- Depress [RCL

As the MEM function remains active, further set-ups can be recalled by
simply entering the address or with the aid of the two STEP direction
pushbuttons "L" (see section 4.22.5 a and see also note under
4.22.65. “

This facility has an interesting application for sweep freguency
measurements. With the aid of the STEP direction pushbuttons "L", it
is possible to display the overall selectivity and the pass-band of a
filter sequentially on the screen of a display unit.

WHITE NOISE PROGRAM AND PROM BN 829/00.03 (AUXILIARY DEVICE)

The Tevel meter SPM-19 possesses characteristics such as
high overdrive resistance, high selectivity with a 1.74 kHz
noise bandwidth, and high frequency accuracy and stability
which permit noise measurements on communication systems
during cperation. A wide noise program has been developed
to permit simple but precise execution of measurements

and display; this program is available as an option at
extra cost. It is stored in the C-MOS module BN 829/00.02
(EPROM) and can be added to the level meter at any time

as described in section 6.3.3.

It contains data and commands for the calculation operations to be
executed, thus reducing the operator activities on the meter to a
minimum. The test frequencies, which comply with the recommendations
of the CCIT/CCIR and INTELSAT, are either entered via the keyboard
or can be stored as the required number {max. 100) and sequence
of fixed frequencies, as described in section 4.22.3.

The memory module BN 829/00.03 permits storage of up to 100 fixed
frequencies and 40 complete front panel settings. The required fre-
quency values and equipment set-ups should be specified when ordering



4.23.1

option BN 829/00.03 in order to avoid delivery delays (see section
4.23.1). If no details are provided, the MOS module is supplied with
only the white noise program, but without fixed freguencies.

FIXED FREQUENCIES AND EQUIPMENT SETTINGS

The fixed frequencies and equipment settings specified
by the customer are permanently sftored, as shown in Table
4-3, in

Address range 200 ... 299 for fixed frequencies
Address range 300 ... 339 for equipment settings.

They are recalled as described in sections 4.22.2 to
§.22.7. If the EPROM is not fitted in the meter,

an error number {e.g. 2--001 2 invalid address
number) would appear in the frequency display 0.

The meanings of the error numbers are explained in
chapter 6.

The ordering forms No. %/784a for equipment settings

(Part 1) and/or No. 5/784b for fixed frequencies (Part II)
must be filled out completely when ordering the Auxiliary Device.
Figures 4-12 and 4-13 show samples of these ordering
instructicns; column 1 of the ordering instructicns for
instrument settings contains an example of the entries.

If more than six eguipment settings are required, further
forms No. 5/784a should be used, and the pages of the form
numbered sequentially. Please enter all level and freguency
values, even if they are not a]wayé required.
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NOISE MEASUREMENTS

The level meter SPM-19 is characterised by a high intrin-
sic NPR value. This is determined by a Tow thermal noise
and distortion noise resulting from non-linearities in
the preamplifier and mixer and by a low sideband noise
from the carrier osciilator. The high intrinsic NPR value
and the above-mentioned characteristics of the level meter
make it suitable for use as a white noise receiver for
checking the gquality of a radio link or multi-channel
cable transmission system (Figure 4-14). An advantage of
this level meter, in contrast to a normal white noise
measuring set-up, is that it is not necessary to stop
operation on the system for measurement.

A suitable parameter is the signal-to-noise ratio, which
can be measured in an unused telephone channel. If the
transmission system contains non-linear transmission
characteristics (which is normally always the case), then
a noise, also called intermodulation noise, results from
the input signal (speech Toad). This noise occurs in the
gap of the unused telephone channel, which also contains

a basic noise resulting mainly from thermal noise effects.

CF signal T ) )
_ Y- ransmission

system

ot O 5ignal

Test point

o

an

Noise power ratio Unused Level meter
P —-—)—

] T te1eph(me SPM-19
ﬂ‘ §L ! channel
. ;

L Frequency . -
et e g Selective, bandwidth

Bandwidth of 1.74 kHz
transmission system

8§29

Figure 4-14 Noise measurements with the level meter $PM-19 in an
unused channel of a communications system actually
carrying traffic.



4.23.2.1

The following parameters can be determined in order to
assess the quality of a transmission system:

- Reduced noise level in dBmOp (& -S5/N)
- Reduced noise power in pWOp
- Noise power ratio NPR

These measurements can be carried out with the Auxiliary Device BN
829/00.02 or BN 829/00.03, with digital display of the results and
direct indication of the noise in dBmOp or pWGp. In addition to selec-
tive noise measurement, wide-band measurement of the system Toad is
also possible. The settings on the level meter for determining the
various parameters are described in the following sections.

Measurement of the Reduced Noise Level

Program number: 1100 (see Table 4-4).

Measurement of the noise Tevel PN is carried out in an
unused 3.1 kHz wide telephone channel in active trans-
mission system, using the 1.74 kHz bandwidth of the level
meter. This bandwidth corresponds to the psophometrically
weighted telephone channel. The noise level PN is referred
to the relative level (dBr) of the system connection and
displayed as a reduced noise leve! p§ in dBmGop.

The following relationship applies:

Reduced level p; Noise level Py Relative level P,

dBm0p dBmp d8r
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Settings on the lTevel meter SPM-19:
- Select the required input and impedance with switch EE

- Set the relative level (dBr) to the value of the connec-
tion point {see section 4.6.1.3).

- Depress pushbutton |[MEM| (LED off)

- tnter the test frequency via the keyboard [12 {see
section 4.4.1) or recall it from the stored fixed
frequencies {see section 4.22.4).

- If the indication fluctuates, depress the pushbutton

[AVRG{ (LED on).

- The bandwidth and digital mode are set autematically
by the level meter.

This measurement also directly provides the signal-to-
noise ratio S/N, as the following relationship is valid:

SN _ Py il

de T dEF T dBmp

The Tevel meter can be switched back to the normal level
measuring prog%am by depressing one of the measuring
mode pushbuttons (e.qg. @ ) on panel

The minimum noise level which can be measured with the
SPM-19 is 7 dB above the intrinsic noise level of

-/73 dBm0p = 50 pWOp (see section 4.23.3).



4,23.2.2 Measurement of the Reduced Noise Power

Program number: 1200 (see Table 4-4).

The reduced noise power p* in pWOp is the psophometrically
weighted noise power measured in a gap of the transmission
band, referred to the relative level zero (dBr).

The following relationship exists between the noise power
and the noise level:

1 pWOp = -50 dBmOp

The setting of the Tevel meter and execution of the measure-
ment are carried out as described in section 4.23.2.1.

The test program is stored under program number 1200 and
is recailed as follows: '

The test frequency is then entered on the keyboard Ez
(see section 4.4.1} or recalled from the memory (see
section 4.22.4). The bandwidth and the digital mode are
set automatically by the level meter,

The result of measurement is displayed in pWOp in the
following form:

,,I“"‘ =3 PHOp _
) == =4.5 + 107% puop
(Example)
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4.23.2.3 Measurement of the Noise Power Ratio NPR

Program numbers: 1000 to 1038 {see Table 4-4).°

The NPR value is defined by the ratio between the noise
powers p, and PN, which occur in the gap (Figure 4-15).
The gap, in this case, is the psophometrically weighted
telepnhone channel with a width Beff = 1.74 kHz.

The foliowing relationships apply:

NPR p NPR Ps Py
- = 10 lg =— or = - e
dB - g Py dB dBmp dBmp

The following formulae apply to the noise power pS
which fills the 1.74 kHz wide gap as shown in Figure 4-15,

D N
Py = 1.74  kHz

or, for the noise level

p p
8 L T 019 ()
dBmp Bm 1.74 kHz
PZ = total power of the active transmission band
% = total level
B = bandwidth of the transmission system

The noise power PN or the measured noise level Py are
determined by the basic and distortion noise occurring
in the 1.74 kHz wide gap.
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For a bandwdith B of the'traném%ssion system, the
-following is thus true:
NPR D Py
qg < dem - 1019 (T ) T gEme

Total level %: of the active transmission band.

Total Tevel Py of the active transmission band

T - R
P i 1,70 k2
T ;; § ¥

NPR

§29 12

Figure 4-15 WNPR value if all telephone channels are
' uniformly loaded.

The definition of the NPR value makes it clear that the
noise powér ratio can be determined from a wide-band
level measurement (%:) and selective level measurement
(pN), taking into account the correction value

10 tg T??E_YEE . This correction value is dependent only
on the bandwidth of the system and is shown in Table 4-5,
which contains the most important transmission systems,

A program number is assigned to each system and is used
to select the appropriate test program for the NPR
measurement. Except for input of the test frequency, no

further settings are reguired on the Tevel meter. The
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white noise program in the Auxiliary Device is implemented, from the

software point of view, such that the above-mentioned single measure-

ments, including storage of the measured values and corrections, are

carried out automatically by the level meter.

The NPR measurement is carried out as follows:

Select the required input and impedance with switch .
Depress {LED on).

Select the program number from Table 4-5 for the system to be
measured and enter it on the numerical keypad.

Depress and then switch off again (LED off).

Enter the test frequency on the numerical keypad (see section

4.4.1) or recall it from the fixed frequency memory (see section

4,22.4).

If the indication fluctuates, depress the pushbutton | AVRG | (LED
on}.

The bandwidth and the digital operating mode are selected

automatically by the level meter, which means that the

measured value can be read off immediately after entering

the test frequency.

If the function MEM| is switched on and address 111 re-

called by depressing the pushbutton |RCL{ , the program

number of the active white noise program is displayed in
Tevel display A as long as pushbutton RCL' is depressed.




4.23.3

Invalid addresses are indicated by error number 2--001
(see also Table 6-2).

The level meter can be switched back to the narmal level
measuring program by depressing one of the measuring mode
pushbuttens {(e.g. [ABS! } on panel Ef

LIMITS OF NOISE MEASUREMENT

From the equations in section 4.23.2.3, it is possibie
to derive the following relationship:

Mo#
(@]

_ *
Pn NPR

B )
IR05 prall 10 19 —B

1.74 kHz dBm0

where B is the base bandwidth of the transmission system
and ?2:,c is the conventional system lecad in dBmO. With
the aid of this velationship, it is possible to determine
the minimum noise level which can be measured, which
corresponds to the signal-to-noise ratio. The gxpressian
T RAz p;’c is a system parameter which changes
only slightly for systems with 300 or more speech channels
N. At the conventional load p;,C = -15 +10 1g N, approxi-

mately 19 dB.

As indicated by the specifications, the level meter 5PM-19
is characterised by a very high intrinsic NPR value of
approximately 60 dB (total level < +10 dBm with a noise
bandwidth 0.3 to 12 MHz).

With this information and a displacement of 7 dB of the
measured noise level from the intrinsic noise level
(measuring error 1 dB), the minimum noise level which
can be measured is -73 dBmOp {measured value + measuring
error), corresponding to a noise power of 50 pWOp.
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The dynamic range, which can be regarded as the Tevel
difference between the wide-band totatl level and the
noise level in the 1.74 kHz gap, is

B
oo ey = NPRO4 1019 e

and is approximately 100 dB for a transmission bandwidth
of 12 MHz.



Program Number of Bandwidth B Level reduction/dB
aumbear system channels kHz 10 log ?"7%“?&‘

. Z
1000 12 48 14 .47
1001 24 96 17.47
1002 36 144 19.18
1063 48 19z 29.43
1004 60 240 21.40
1005 72 288 22.19
1006 80 240 21.40
1007 96 396 23.57
1008 120 492 24 .51
1009 132 540 24.92
1010 192 792 26.58
10711 240 592 27.56
1012 252 1040 7.76
1613 300 1232 28.50
1014 312 1284 28.68
10715 432 784 30,11
1016 480 1980 30.56
1017 540 2284 31.18
1018 600 2540 31.64
1019 612 2588 31.772
1020 792 3272 32.74
1021 900 3828 33.47
1022 960 4040 33.66
1023 972 4088 33.71
1024 1092 4880 34.48
1025 1260 5284 34.82
1026 1260 5540 35.05
1027 1332 58772 35.28
1028 1380 5700 35.15
1029 1500 6968 36.03
1030 1800 7844 36.54
1031 1872 8148 36.71
1032 2100 9848 37.53
1633 2400 11088 38.04
1034 2580 10652 37.87
1035 2700 12044 38.40
1636 3600 17000 39.90
1037 10800 55230 45.07
1038 12000 61656 4549
Table 4-5 Program numbers for NPR measurement
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4.24 MEASURING ACCESSORIES

4.24.1 TEST PROBE TK-711

The test probe TK~11 is designed for high impedance
and low capacitance extraction of the test signal

from test objects with coaxial connections. The test
probe is connected to input socket [19] (measured
signai) and the test probe socket (18 (power supply).

As soon as a plug is inserted in socket [18 , the
basic 10 dB attenuation of the test probe is compen-
sated by a corresponding sensitivity increase within
the level meter.

In the most sensitive measuring range of -120 dB8 or
-110 dBm {analog mode), the range indication switches
to -110 dB or -100 dBm.

Figure 4-16 Test probe TK-11

The test prod shown in Figure 4-16 can be replaced by
a coaxial socket element S 222 of the Versacont 9 system,
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4.24.2

‘Adapters for all common connection systems can then be

screwed into this element. Use of the Versacon element

increases the input capacitance of 3.5 pF specified in

section 1.12.1 by a value which varies according to the
type of connector.

The maximum permissible input level of the TK-11 is
+10 dB8m or +2 dB; any superimpcesed DC voltage must not
exceed 50 V.

TEST PROBE TK-12

The test probe TK-12 is suitable for high impedance, low
capacitance level measurements on coaxiai and balanced
test objects in the frequency range 200 Hz to 18.6 MHz
(coaxial) or 200 Hz to 2 MHz (batanced). The active test
probe has a gain of 1. It is characterised by a small
frequency response error, low intrinsic noise, and high
signal balance ratio and common mode rejection. The
power supply is provided by the power supply unit TKN-12,
which also carries out matching to the cocaxial input
socket E@ of the SPM-19. The switch EE must be in
pesition "high impedance"

For coaxial measurements, the universal conversion system
Versaceon 5 {see chapter 6) permits the use of all common
pTug systems. In addition, a test prod with ground clip is
available for measurement within modules. The screw-on

plug S 804 is available at extra cost for balanced measure-
ments.



4.24.3

ADAPTER FEDA-1 (75 Ohms/50 Ohms)

The internal
input impedance of the receiver input can be matched
to an impedance of 50 Ohms with the adapter 75 Ohms/

50 Chms.
sectian

If a 75
adapter

cable is used,

The available socket adapters are listed in

1.12.4.

Ohm cable is used as a test lead, then the
should be inserted at the end close to the
object being tested (see Figure 4-17). If a 50 Ohm
it should be fitted on the

inside.
. 750
P5-19 %-mm_-yugﬂiiﬂmmw}
\‘-‘
Figure 4-17 Measuring at an

When setting up the generator output level or when
the
attenuation (6 dB) of the adapter must be taken into
account. With the combination PS-19/SPM-19, this can
be done very easily by transferring the attenuation
(dBr)

reading

value to the memory for the reference leve!
{see sections 4.6.1.2 to 4.6.1.3).
the level

Test object
7506

\'\
~ 7532 /3052 adapters—

the level indicated on the receiver,

generator and level

impedance of the generator output or the

level meter

impedance of 50 Ohms.

SPM-10

The error limits of

meter listed in the speci-

fications may be increased by attenuation and frequency

response errors and by the reflection factor of the

adapter,
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4.24.4

4.24.4.7

REFLECTION AND SIGNAL BALANCE RATIO MEASUREMENTS

Various measuring adapters are available for these
measurements:

Reflection measuring unit RFZ-5, 10 kHz to 36 MHz
[see description and operating instructions, RFZ-5}.

Reflection factor measuring bridge RFZ-14, 100 kHz to 100 MHz.
Reflection loss measuring adapter RFZ-12, 200 Hz to 4.5 MHz.

Signal balance ratio measuring adapter SDZ-12, 200 Hz to

4.% MHz. (See description and operating instructions,
RFZ-12/5D7-12}%.

Reflection Loss Measuring Adapter RFZ-14

The measuring bridge RFZ-14 permits measurement and Sweeping
(SPM-19, BN 829/07 only) of the freguency dependent reflec-
tion loss on CF transmission systems or single modules.
Together with a suitable generator and receiver such as
PS-18, PS-19, PSS-19 {generator) and SPM-18, SPM-19
{(receiver), such measurements can be carried out in the
frequency range 100 kHz to 25 MHz. The reference impedance
is 75 Ohms. The interchangeable socket inserts can be

adapted to all common connection systems (see also chapter 6.

Level generator Level meter
P58 , =
B5.19 ¢ M RFZ-14 ¢ > DF,M : .
EER 7y v 4

a

Test object
Figure 4-18 Connection of the measuring bridge RFZ-14
to the level measuring set-up.
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The measuring adapter is connected to the generator output
and the receiver input with 75 Ohm cables, as shown in
Figure 4-18. The generator output level should be as high
as possible, but should not exceed the maximum permissible
fevel at the input to the object being tested by more than
6 dB8 (overload Timit).

The test configuration is calibrated at the required test
frequency or, in the case of sweep operation, within the
sweep range. fFor this purpose, the bridge must be dis-
connected from the object to be tested, resulting in a
reflection factor r = 1 or a reflection loss a, = 0 dB.
The voitage~linear display is selected on the level meter
SPM-19 with the 20 dB pushbutton [0 . If major variations
of the reflection loss are to be expected, for example 1in
sweep mode, then the level-Tinear 80 dB display is better.
The value displayed on the meter B corresponds to the
reflection loss 8 = O dB. It is recommended to adjust
this value to 0 dB on the meter scale by changing the
measuring range setting Eg} on the SPM-19 and the output
ltevel of the generator.

After connection of the object to be tested, its reflec-
tion loss results in a different level from that pre-
viously displayed. The measuring bridge is connected
directly to the object to be tested in order to avoid
additional measuring errors resulting from long cables,
possibly with inaccurate characteristic impedances (75 Ohmy.

Indicated level on receiver for

calibration and after correction

of the generator level (refer-

ence value)..' ................................... -20 dBm



4.25

4.25.1

4.2

Indicated level with object to be
tested connected to RFZ-14 (measured
VA UE ) L e e e e e e -46 dBm

Reflection loss {reference value
minus measured value). . ... it i e 26 dB

Corresponding reflection factor................. 5 %

SPECIAL MODES OF OPERATION

Ja

MEASUREMENTS WITH FREQUENCY OFFSET

In the conjunction with Level Generator PS-19, selective measurements
can be made while the send and receive frequencies are different. Be-
cause automatic frequency sweep is also settable, that type of meas-
urement is greatly simpiified on group translators for instance.

The following modes are possible:

1. Synchronous manual frequency stepping (Single Step)
2. Synchronous automatic frequency stepping (Auto Step)
3. Synchronous sweeping

{only with SPM-19, BN 829/02 and PS-19, BN 870/02).

The Cabling of the Measuring Setup and the required instrument set-
tings as well as the operation are described in the Operating Manual
of Level Generator PS-19.

When modes AUTO STEP and SWEEP are being used attention should be
paid to prevent inadvertent actuation of the push buttons, so that the
synchronized condition is maintained.

LEVEL DIFFERENCE MEASUREMENT

Although with the leve) differenée measurement in the mode ABS-REF
{see para 4.6.1.2) the measuring level is referred to a fixed, prior
stored reference level, the method described in this paragraph forms
the level difference from two measurements between the system under
test and the reference system. By this means, attenuation and gain
measurements on unbalanced systems under test can be implemented with
high relative accuracy and excellent reproducibility.
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System under test (1)

X

|
i 1 Digital
ﬁ: display
.- B _ i
5519 750 }RU -3 < 75%{ M-8

[a[E)

Control cable ¥ 366

It

m_...,,,.}__

N

Reference system {2)

Fig. 4-19 Level Difference Measurement

In the measuring arrangement of Fig. 4-19 the Generator signal is fed
to the Relay Changeover Switch RU-3, BN 323/02. This Changeover Switch
contains a digital interface connected to Level Meter SPM-19 by a con-
trol cable, K 366 {or K 137). According to the chosen test program the
level on the system under test (1) or the reference system (2) is
measured digitally, stored, and after automatic changeover of the
Tevel value, ascertained in the other measuring branch.

The Relay Changeover Switch RU-3 is outstanding because of the high
isolation between the two channels and a very small difference in in-

sertion loss. Thereupon employment of short connecting cables (1 =
/5 cm) to the system under test permits attaining high accuracy.

When measurements involve low absolute levels or great differences of
attenuation, only doublie shielded connecting cable should be used
{see also para 5.2).

Settings on lLevel Meter:

- On the SPM-19, set freguency, bandwidth, input, noise averaging in
the usual way.

it



- Press " MEM " push button (LED on) and call-out

i

program No. 2012 = measurement; system 1 to system 2

[

program No. 2021 = measurements; system 2 to system 1

Call-out results through entry of pregram number and depressed "RCL"
push button. Simultanecusly the SPM-19 automatically measures digital
tevel (LED lights above "DGTL" push button)

- Once again press "MEM" push button (LED is extinguished)
and measure at the desired frequency

The function "Level Difference Measurement" is inhibited as soon as
the push button in the DISPLAY field is actuated.

Through the push button sequence "MEM, 112, RCL" the prior entered
program number for the measurement can be superimposed on the level
display when the "RCL" push button remains depressed.

The level difference measurement may also be executed in computer

automatic measuring systems.
4,25.3 PRINTER MODE

4.25.3.1 Demands placed on the printer

A printer is employed to great advantage particularly with long meas-
urement sequences and comprehensive measuring programs, or with system

surveillance,

With the aid of the V.24/¥.28 Printer Interface BN 905/01 a printer
with this interface can be connected to the Level Meter (see also
4.21). So a printer suitable for use with the SPM-19 must fulfill the
following requirements:

- Interface V.24 (RS 232 C} with 25 zerminal Cannon plug.

- 80 or more characters per line

- alphanumeric ASCII code, 8 bits including parity bit

- a RECEIVE ONLY version is sufficient, however, also a TRANSMIT and
RECEIVE version is applicable.

- one of the following data transmission rates 150, 3060, 600, 1200,
2400, 4800, 9600 bit/s.
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4.25.3.2
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- printing speed is appropriate to data transmission rate (about 1/10
of it}.
-~ with even or odd parity

A printer that operates at 30 characters/s (or more) is recommended
For instance the Trend Communications Model 800 RO 8 in the Wandel &
Goltermann Product Line.

Preparatory to laying out the printout format, the information in
para. 6.4 should be taken into account because it furnishes informa-
tion about adapting the interface, numbers of the lines and columns
and also the writing time intervals.

Printout format

The printout format and the measuring sequence are specified through
entry of a 4 digit program number 5X2X1XG(TabTe 4-6).
This is shown in the examples illustrated in Fig. 4-20 to 4-22. A

complete printout includes essentially:

Measurement mode - title
Measuring sequence (XZ)

Measuring parameters for Receiver (XO} and Generator
(x)

Column headings for the measured results (MHz, level
unit, address)

Measured results

Measurement modes employed for measuring the absolute values of level
and phase jitter, the level difference (ABS-REF, the level referred to
zerc transmission level point dBm0) and the white ncise quantities are
adjustable on the front panel of the $PM-19. The measuring run (XZ)

is setup by the entering of a program number as shown in Table 4-6,
Both the individual results as well as the measuring sequence

in ane cycle with SINGLE AUTO STEP, TRACK, SINGLE SEARCH-SCAN: or

in any cycle with CONT,AUTO STEP,CONT. SEARCH-SCAN

can be entered on the keyboard.



4.25.3.3

The instrument parameters {XO and Xl) and also accordingly

tolerance limits for the receive level are entered on the keyboard be-
fore the measurement and printout are executed. With the preselection
of two Tevel Timits, the only measured results that are printed are
those lieing outside of the setup limits (see 4.25.3.5)}.

Printer release

The release of a single printout, after an automatic measuring se-
quence, results from the double function push button “ LOCAL or
PRINT" having been depressed.

During the printout program sequence the red LED is illuminated. The
printout can be stopped through the push‘button being depressed
once again. The repetition of the result printout with a single meas-
urement or measuring sequence is possible by the entering of the
PRINT function . Then the measurement mode title is again printed
out after the program number or the push button sequence "MEM, 115,
RCL, {MEM), PRINT" has been entered.
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Program-No. =

5 X2 X

1 %o

Printout of instrument
MEASURING SEQUENCE Xz parameters X1 XO
SINGLE MEASURING 0 * SPM-19 *
CONT. MEAS. 1 NONL g
MODE + MEAS. RANGE (A) 1
AUTO STEP (SINGLE) Z BANDWIDTH (B) 2
AUTO STEP (CONT.) 3 INPUT (C) 4
TRACK 4 A+B;, A+C 3:5 i
B+C; A+B+¢C 6,7 |
SINGLE SEARCH-SCAN 5 * PS-/PSS-19 * F
CONT. SEARCH-SCAN 6 | NONE 0
(OPT) QUTPUT (A) 1 ;
SEND LEVEL (B) z 1
* Limit values SPM-19 * (C)| 4
A+B; A+C 3;5 |
B+C; A+8+C 6;7 |
i

Tablte 4-6 Program number structure



4.25.3.4 (Operation

Three examples are used to explain how the SPM-19 is operated.

txample 1: lLevel difference measurement (e.g. frequency response)
without tolerance Timits, one-time measurement sequence
Measuring instruments: PS-19 (PSS5-19} and SPM-19
Printout as in Fig. 4-20

- fSYART; fSTOP’ fSYEP settings on SPM-19 (P5-19 is externally
controlled)

- set the instrument parameters according to the measuring task
- set reference frequency and store reference level (see 4.6.1.2)
- press push button "ABS-REF"

- press push button "MEM" and enter program number 5 X2 Xl XG

according to Table 4-6

for example: 5237; where

s
1

5 = 2, one-time measuring sequence (AUTOSTEP sets it-
self automatically)

X, =3, print all send data ( A + B}

0 7, print all receive data (A + B + ()

>
i

- MEM function switched out (LED off), otherwise stored frequencies
would be set,

- press push button "LOCAL" {LED illuminates). SPM-19 begins at
fSTART' Repetition of results printout at end of measurement is
possible through another press on push button "LOCAL"™ {LED illumi-
nates again).

4.25.3.5 Setting the level threshold at the SPM-19

Two thresholds may be setup to cause a printout when only the stored
upper or lower thresholds are exeeded. Figure 4-21 shows an appropri-
ate printout with the measurement task of the first example repeated
(Fig. 4-20). The two level thresholds are entered through the "dgr"
push buttons and stored at addresses 109 and 110. Either sequence of
entering is available.
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LEVEL DIFFERENCE MERSUREMENT [ RES

REFERENCE LEVEL
REFERENCE FRER -

FRGE 1

o
i
£
m
i
[

HMERS  SEQUENCE: SINGLE RUTO STEF » 1 SEC. 7 FSTEF 18 GO EHZ
FSTART: 448 G55 KHZ / FSTOF 585 858 KHZ
REC. FRRAMETERS
MODE DGTL -~ ARUTO CAL ON
BANDWIDTH 1.1 KHZ
INFUT: BAL. ~ Z = €08 OHMS / R = HIGH IHP
BEN. PARRMETERS
ODUTPUT BAL. S T = 6BO OHMS / F = 8
QUTPUT LEVEL: A 88 DEN
NO. FRERQUENCY RESULT NG FREQUENCY EESULT
KHZ nE EHE DR
1 445 958 5828 2 455 Ase - 5 a8
3 465 @58 1 48 4 475 @sg - @18
5 485 Asg 48, 90 £ 455, @5Q - 5% 54
7 585, A58 S8 48
Fig. 4-20 Printout: Level Difference Measurement
(Program 5237)
FRGE 1
LEVEL DIFFERENCE MERSUREMENT [ ARS - REF
REFERENCE LEVEL : ~ 28 S6 DEM
REFERENCE FRED - 475 G5 KHP
MERS  SEQUENCE: SINGLE AUTO STEF .~ 1 SEC ~ FSTEP: 18 888 KH?
FSTRET 445 ASE KHT S FSTOF 505 (56 KHE
REC. PRRAMETERS
MOLE - DGTL .~ RUTD CAL ON
BANDRIDTH: 11 KHZ
INBUT BRL. 2 = €08 OHMS / B = HIGH IMP
LIMITS: - 2@ 8@ ~ - S5 @8 DE
GEN. FARBMETERS
QUTPUT: BRL. . 7 = £@& OHMS » R = @
OUTPUT LEVEL : a B pEM
N, FREQUENCY RESULT NO FREFUENCY RESULT
kHZ DR EHT oa
4 475, @58 g 14 7 SHS SO - S¢ 48
4-21 Printout: Level Difference Measurement with Tolerance Limits

(Program 5277)



Entry:
- "dBr" push button pressed twice (two LED's illuminated)

- first level threshold entered via numerical keyboard and entry init-
iated by pressing the "+dBr" push button (MHz) or the -dBr pushbutton
(kHz)

- press "MEM" push button {LED illuminated)

- push buttons “109 (or 110)" and "STO" pressed
-~ second level threshold entered and stored under 110 or 109.

The program number is 5277 in this example; because X1= 7 all

parameters A + B + { are taken into account.

4.25.3.6 Printout of white noise measurement results

The printout heading in addition contains the program number and
also the relative level (TLP) in dBr.

The Level Meter is setup according to para 4.23.2. After the white
noise program has been called cut, e.g. "Measure the noise power” in
pWOp {No. 1200} the printer program is called out direct.

e.g. the following push buttons are depressed in consecutive order:

"MEM, 1200, RCL, 5007 (single measurement), RCL, MEM, LOCAL {printer
release)”

FRGE 1
NFE MERSUREMENT [ PROG. NO 1878
HERS  SECUENCE  CONT  RUTG STEFP o 3 SEC
REC  PRRRNMETERS
MONE HGTL 2 AVRG ON 2 RUTO ORL ON
BANDNIDTH. 174 KHE
INFUT CORY. D = R OHPE L F o= 2
%
RDF. MO FREQUENCY RESULT DR NG, FRECUENCY PESULT
¥ FHZ g3 KHD i
; s TO9E. B 68 2@ 18 SR4G G008 5024
a I886. Ava 59 33 16 SI40 ged A A
& Iags aod 59, 9 16 S3d{ G0 S Sh
g 2996 Baa 50, 28 16 SFdE s £8 20
B Tagy aad £330 16 S G0 SR

4-22 Printout: Intrinsic NPR of an SPM-19
{(Program 5307}
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4.25.3.7

4.25.3.8

4-97

Fig. 4-22 shows the intrinsic NPR values of an SPM-19 picked at
random from a lot. It has two stored test frequencies. The Level
Meter is loaded with white noise of 12 MHz bandwidth. Measurement is
implemented as a continuous measurement (XZ = 1].

Error annunciation in the printout

Instead of warning arrows {see para 4.6.3) the following symbols are
printed in front of the result when g measurement is not valid:

H (HIGH) The true measured value is higher than the printed
va}uel}.
L (LOW) The true measured value is lower than the

printed va]uel).

E (ERROR)Z) Operating, overload, or hardware fault

Dialog for modifying the printout

Printers with a keyboard (e.g. TREND 800 KSR 8) permit dialog mode of
operaticn with the printer interface in the Level Meter. After push

button "ESC" has been depressed the current printer format can be in-
terrogated (see Fig. 4-23 and para 6.4.7}. Thereupon, alterations can
be individually made through dialog: Tine number 66/72, column number

3)

1/2, printout automatic/manual , and paging.

Above this, an additional text, TITLE, with a max. of 30 characters
can be printed, if the text has been written into the main memory

of the interface. With that, however, with "PAGING?" the instruction
"Y' (yes) must be entered. It is recommended that all entries be made
in capital letters (Function "CAPS LOCK" is an).

1} In the ANALOG mode the metar pointer is outside of the scale range.

2) With the noise loading measurement {see 4.23.2.2) the "E¥ in the
result signifies a power of 10 {e.g. 4.5 FE - 2 = 4.5 EO'Z).

3) The printer release is implemented via the "SPACE" xey. The prior

measured value is printed.



Longer texts may be written into the printout when the printer key-
board is enabled through the keys, “SHIFT" and "**, (switch to
"LOCAL™}).

After the Level Meter has been switched off, the printer interface
is reset to the format that had been selected on the DIP switches
(see para 6.4).

MODIFY PRINT MUODE:
KEY: Y’ FOR YES, ‘N’ F0OR NO, ‘RETURN' FOR NO CHANGE, 'ESC’ FGR ABORT
Pﬁ;NT ACTUAL SBETTINGHET 2 ¥ <

PAGELZNGTH BB 5ET

\ ~ COLUMN REBET

) FASING REBET
RESULTS ARE PRINTED ARUTOMATICZALLY
TiTLE?

PAGELEZNGTH GG ¥ &2 N 4
TOCOLUMN 7 20 M 44

FRINT RZSULTS AUTOMATICALLYT »» ¥ L
SAGINGT Xx Y 4 '

INPUT TITLE? «0 ¥

by el T R

ALY
IND TITLE WITH YRETURN’ ( 30 CHARACTERE MAX. )
TS CCRRECT AZW 'DEl”
F¥ OBUECT 4711 2C.5.B!., WPZ/RP L
RESET PABENUMBEZRY »» N <H

Fig. 4-23 Dialog beetween printer and interface
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MEASURING NOTES

SELECTIVITY CURVES GOF THE LEVEL METER

Figures 5-1 and 5-2 show the overall selectivity of the
Jevel meter for the selectable bandwidths 3.1 kHz, 1.74 kHz,
400 Hz and 25 Hz. These figures show typical selectivity
curves of a standard production instrument.

82%.

-2 -1 9

L0

[ t:éﬁfﬁz

Figure 5-1 Typical selectivity curves for the bandwidths
400 Hz, 1.74 kHz, and 3.1 kHz.
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Figure 5«2 Typical selectivity curve of the Jevel meter
with bandwdith 25 Hz.



MEASUREMENT OF HIGH ATTENUATION VALUES

In the case of level measurements on four-pole networks
with high attenuation values, a high return impedance
ZS between the generator and receiver of the measuring
set-up is necessary (see Figure 5-3). If the return
impedance is not infinitely large, the voltage drops

2 of the
test cables used cause additional measuring errors. In

across the ground line resistances ™ and r

order to keep these small, ZS must be large with respect
to r and ro for practical applications. In the SPM-19G,
a high return impedance was achieved by decoupling the
ground of the measuring circuit from the chassis ground

(floating measuring input).

The effects of the above-menticned resistances on the
measurable attenuation are described in the foilowing

section.

The object to be tested is a four-pole network with an

infinitely Targe attenuation. ZS is the return impedance

it

s and r, are the unavoidable ground line resistancesif,

which can also be complex just like Zs' The voltage
drop resulting from the generator current through "
cadyses a voltage to exist between the chassis of the

generator and the receiver.

1oy and r, are often called "coupling impedances” in
c&ax1a? %ab@es, plugs, etc., and are defined as follows:

Coupling impedance =

Voltage drop on the cutside of the ocuter conductor
Current on the inside of the outer conductor

Coupling impedance =

Voltage drop on the inside of the outer conductor
Current on the cutside of the outer conductor

5-3



5-4

If the return impedance ZS is finite, & signal current
flows through o causing a signal voltage at the
receiver input and simulating a finite attenuation of
the object being tested.

A simple calculation assuming that r and r, are small
with respect to Ri’ Re’ Z and ZS shows

———g: .-———-2—1 e
Uo Ri + /7 ZS Re + Z
In the case where Ri = R = 7, the effective attenuation
is
U
a = 20 dB .« 19 8
2 . U2
2 <7 - ZS
=20 dB - 1g ——-
R

For a maximum measuring error of 0.01 dB, for example,
this attenuation must be approximately 60 dB (approxi-
mately 40 dB for 0.1 dB) greater than the attenuation
to be measured if the worst case of the phase angle
between the measured voltage and the error voltage is
assumed.

The magnitude of the return impedance ZS is approximately
40 Ohm over most of the whole frequency range .



5.

If r and r, are assumed to be at 1G¢ mChm each - this
is the value of the coupling impedance of a good,
double-screened coaxial cable with a length of 50 ¢m -
then the affective attenuation with Z = 75 Ohm and

g = 44 Ohm for the configuration shown in Fig. 5-3

is 156 dB.

With a measurable attenuation of, for example, 96 dB
with a test set-up PS-19/SPM-19, the value of 156 dB
calculated under the above assumptions leads to a
maximum additional error of 0.01 dB.

Figure 5-3

PULSE NOISE AND INTERRUPTION MEASUREMENTS

Measurement of the parameters phase jitter, pulse noise,
and interruptions are becoming more and more important

for assessing the transmission guality of telephone lines
for data transmission. Pulse noise and interruptions can-
not be measured directly with the 5PM-19, but the unit can
be used together with the demodulator for conversion of
single speech channels or measured signals from the CF

5-5



5.

4

5-6

fregquencies to the AF range. In order to avoid measuring
errors, particular attention was paid to ensuring that
the modules which participate in conversion into the
speech channel have, as closely as possible, ithe char-
acteristics of LF channel converters. For this reason,
the level meter also has the bandwidth of 3.1 kHz, which
corresponds to that of a telephone channetl. For faithful
reproduction of the speech channel, the level meter must
be tuned to ithe center of the CF channel. The demodulator
output is characterised by a wide dynamic range, which

is necessary for pulse noise measurement (see section 4 ).

The two transmission line parameters measured above can
now be measured with external devices (e.g. DLM-3}.

For interruption measurements, the converted 2 kHz signal
can be extracted at the demodulator output if the S5PM-19
is tuned to the carrier freguency measuring tone. Due to
the excellent level and freguency stability of the level
meter, measurements can alsc be carried out over longer
periods.

PSOPHOMETRIC WEIGHTING OF NOISE VOLTAGES

It is a well-known fact that the sensitivity of the human
ear is frequency dependent. For simulation of this char-
acteristic for measuring purposes, the so-called psopho-
metric filter is used to simulate this frequency response
inciuding the transmission characteristics of the handset
(Figure 5-4). This permits correct weighting of the noise
existing in telephone channels.



Level
e
|
1
1

[N — [N S TR Lot e e R Ao i
0 fL Uy 0k 07 08 6B 15 STV
Frequency -

Figure 5-4 Psophometric curve

If, however, the noise within a telephone channel is
"white", which can be assumed in the case of {F trans-
mission, the psophemetric filter can also be replaced
by a flat band-pass filter which has the same effective
bandwidth {see Figure 5-5). The level meter is equipped
with the bandwidth of 1.74 kHz for this purpose.

829 8

lgauniv

Figure 5-5 Selectivity curve and effective noise
Bandwidth.

5-17



The SPM-19 uses a genuine rms value meter which is
calibrated such that the indication for the effective
value of a sinusoidal voltage and for white noise 3s
practically equal. |

The drive levels for the complete signé% path, including
the rectifier circuit, are selected such that precise

noise measurements are possible (crest factor 12 dB).

AUTOMATIC DRIVE LEVEL MONITORING

In order to increase the measuring accuracy, some modern
Tevel meters have facilities for selection by the opera-
tor of low noise or low distortion modes. With the aid
of this control, the gain in the wide-band input stage
preceding the first mixer and in the intermediate fre-
quency section after the last conversion can be varied
in a specific ratio, while maintaining the same overall
gain. However, this sclution is a compromise and can
cause confusion and errors if the signals are unknown.
The Tevel meter SPM-19 with its built-in microcomputer
offers an optimum solution to this problem, as it auto-
metically selects the most favorable equipment drive
levels as a function of the wide-band lToad present at
the test input. To do this, the wide-band gain is in-
creased step-by-step and the microprocessor checks the
IF tevel for non-linear components. As soon as these

are detected, the wide-band gain is reduced by one step
ensuring that there is again a Tinear relationship be-
tween the input and output levels. This principle ensures
that incorrect settings are not possible and glways
guarantees the maximum possible measuring accuracy.



6.

1

FUNCTIONAL TESTING, MAINTENANCE, AND MISCELLANEOUS

The following information is provided to permit correct
function of the level meter SPM-19 to be checked. This
permits the user tc determine whether the unit has any
major faults {such as could result from transport damage).
A test of all functions is carried out as described in
section 6.1 when the unit is switched on for the first
time. A functional test of the most important modules
{internal hardware test) can be carried out as described
in section 6.2.

FUNCTIONAL TEST WHEN SWITCHING ON FOR THE FIRST TIME

The functional test is carried out when the level meter
is switched on for the first time. The cable connections
shown in Figures 3-3 and 6-1 must be provided for this
test. The test is carried out in the seguence specified
in Table B-1, Pages 6-2 and following.

Level meter

Demod_: Y X o
i) .«\d Wy ; &) c;:; bl g
— . Uj
19 | [
} . 3 V
D g ital ATY

voltmeter Dev

Figure 6-1 Test configuration for the functional test

£-1



ACTION

Pushbutton or

setting

REACTION

Level or frequency display, LED

MEM, 9001, kHz

Unit set to standard set-up: f = 100,000 kHz,
ABS, ANLG, 20 dB scale, bandwidth 3.1 kHz
(the standard set-up is also transferred to
the memories for front panel settings,
addresses 100-110).

f = 10234 kHz Frequency display: 10.234.000 kHz
f=6,78 MHz 6.780.000 kHz
CLR 0
fS?EP 1.000 kHz
fSTARf = 8 MHz 8.000.000 kHz
fSTGP = 12 MHz 12,000.000 kHz
fCENT 10.000.000 kHz
Af 4.000.000 kHz

MAN LED "FINE" lights

Turn knoh

MAN

Turn knob

Frequency change in 1 Hz steps
LED "COARSE"™ lights
Frequency changes in 100 Hz steps

f = 10 kHz Frequency display: 10.000 kHz
45 STEP 11.000 kMz
L srep 10,000 kHz
STEP LED "TRACK" Tights
STHY LED "AUTO" lights. Frequency steps by 1 kHz
per second.
SWEEP T Frequency sweeps from 8 KHz to 12 MHz

sweer A\

or vice versa,
Unit sweeps between 8 MHz and 12 MH:z

f

Frequency search towards Tower freguencies

si;?gh and stops at 10 MHz

f ala Frequency search towards higher frequencies
sglgig and stops at 10 MHz

Switch mﬂ to OPT Freguency search between 8 and 12 MHz and

SWEEP \/\/\

stops at 10 MHz.
Restart by depressing the pushbutton SHEEPVAJK

Table 6-1

6-2

Sequence of functional test




ACTION

Select all pogitions
with switch

REACTION

Corresponding LED Tights

f = 9.9985 MHz
AFC

AFC

Frequency display: 9 998.500 kHz

10 000.000 kHz
Signal detector lights

LED alongside AFC is switched off.

Depress pushbuttons ABS
and REF simultaneously

(ABS-REF)

Level display: approx. -12 dB/-Z dBm
Level display: 0 dB, meter: O dB

Level display: 0 dB, meter: 0 dB

80 d8 scale
LED on 80 dB scale of meter lights
20 dB scale LED con 20 dB scale of meter lights.
AUTO CAL Red LED above pushbutton AUTO CAL lights
AUTO CAL Red LED above pushbutton AUTO CAL is switched off
1 d8 scale

LED on 1 dB scale of meter lights
Meter indication: O dB -

Select bandwidth 1,74 kHz,
400 Hz, 25 Hz und WIDE

Corresponding LED lights
Meter indication: O dB

Position %@m Indication: O dB
2 kHz tone audible (if necessary, adjust
volume , )

ABS

$op Indication < 0.3°

Bandwidth 3.1 kHz

Depress pushbuttons ABS
and REF simultaneously
{ABS-REF)

Select measuring range
20 dB with switch

Indication 0 dB

Meter indication: -20 dB

AUTO SET Meter indication: -5 dB
Measured level: (5-5) dB =0 dB
Table 6-1  Sequence of functional test (continued)
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ACT I ON REACTION

DGTL Level indication: 0.0 dB
AVRG Level indication: 0.00 dB (+ 0.02 dB)
REF Level indication:approx. -12 dB/-2 dBm {ref.level)
dBr Level indication:+0.0 dBr (relative level)
dBr LED alongside KEYBCGARD ENTRY lights
Enter the previously dis- |The level indication is entered with a
played referance level resolution of 0.1 dB.

{REF) as a relative Tevel
via g@

Terminate the 1nput with Entered level is displayed in dBr

pushbutton -dBr or +dBr LED alongside KEYBOARD INTRY is switched off.
{+/- according to refer-
ence level)

dBm0 Level indication: 0.00 dBm0/d8 + 0.1 dB
(reduced level)}

Connect digital voltmeter (ACV) to demodulator output [23

Switch demodulator B on.|AC voltage at output: approx. 1.5 V

Connect digital voltmeter (DCV) to Y-output EE

Jepress ABS and REF simul-
tanesusiy [ABS-REF}, ANLG

Adjust range switch Ei] DC voliage at Y-output: 4 V + 50 mV
i for 0 ¢B indication on
erer

Connect digital voltmeter (DCV) to X-output 25

i fty&?T DC voltage at X-output: -2.5 V + 50 my

forp DC voltage at X-output: +2.5 V + 50 mV

Table 6-1 Sequence of functiona® test (continued)

Further tests are carried out as described in section 6.1.7 to 6.1.3.

6-4



R

CHECKING THE INTERNAL NOISE

Settings on the SPM-19:
- Select coaxial input and input impedance RE = 75 Ohm

with (5]

No test signal should be connected to the input sockets.

- Select digital mode with pushbutton DGTY and display
of the absolute level with pushbutton |ABS
- Select bandwidth 3.1 kHz with changeover switch mﬁ .
- Ture the level meter to 2 MHz with keyboard [12
{see section 4.4.1).

Typical measured vatues:

for bandwidth 3.1 kHz Noise level -127 dB (-118 dBm)
for bandwidth 1.74 kHz Noise level -130 dB (-121 dBm)
for bandwidth 400 Hz Noise level -135 dB {-126 dBm)

{-130 dBm)

for bandwidth 25 Hz Noise level -140 dB
CHECKXING THE RECEIVER SELECTIVITY

Settings on the SPM-19:
As in section 6.1, but
- Enter frequency f = 10 MHz via keyboard [12]
[see section 4.4.7}.
- Connect the 10 MHz standard freguency (socket E@ on

rear of unit} to test input E@ .
- Depress pushbutton (;Eg and 7&%} simyltaneously.
- Depress pushbutton {ABS-REF] indication is 0.0 dB.
- Depress pushbutton %E;gg;j—énd enter 2 kHz on key-
board Eﬁ (see section 4.4.1).
- Depress pushbuttcn[:ii}; indication is 10 MHz.
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b-6

- Change the tuned frequency up or down by one step

(2 2 xHz) with STEP pushbutton or and read

the Tevel display.

Attenuation compared with the reference value > 60 dB.
These values are also true for the 1.74 kHz and 400 Hz
bandwidths. For the 25 Hz bandwidth, the attenuation
must be > 60 dB at an offset forop = # 250 Hz from the
center of the band (10 MHz).

FUNCTIONAL TEST OF THE TEST PROBE CONNECTOR mﬂ

This test is carried out without a test signal at the

inputs.

- Select digital mode with pushbutton and absolute
level display with pushbutton EE%Q

- Note the displayed absolute level.

- Connect the power supply cable of the test probe TK-11
to socket i@ and read the indicated level. The digital
display is corrected by +10 dB.

The same result can be achieved if ground potential is
connected to socket E@

FUNCTIONAL TESTS GOF IMPORTANT MODULES (INTERNAL HARDWARE
TEST)

A functional test of the most important modules (internal
hardware test) can be executed by recalling program
number 9003. No external connections are required for
this purpose as the internal calibration signal is

used as a sigrnal source,




Sequence:

Depress the following pushbuttons:

9003 @

1f the test js successful, the message l--=--- appears onh
the frequency display. The level meter can then be switched
back from the test program to the measuring program by
depressing pushbutton . In the case of a fault, an
error number {e.g. 1--003) appears in the freguency dis-
play; these error numbers are explained in Table 6-2.
Repairs should be carried out only by trained personnel.
If it is not possible to repair the faulty module, which
means that the unit has to be sent into the factory for
repair, it is recommended that you also specify the error
number which occurred.

An RAM/ROM test is carried out automatically by the level
meter when power is switched on (see section 3.5). The
meanings of the error numbers for this test are also
shown in Table 6-2.
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CLASS ¢ FAULT IN CONTROL SECTION (NOT VIA IEC BUS)
0----- NO FAULT, INDICATION OF TEST EXECUTION

0--1-L RAM FAULT ON DO...D3
THE ADDRESS IS SHOWN IN THE LEVEL DISPLAY

O--1H- RAM FAULT IN D4...D7
THE ADDRESS IS SHOWN IN THE LEVEL DISPLAY

0--THL RAM FAULT ON DO...D3 AND ON D4...D7
THE ADDRESS IS SHOWN IN THE LEVEL DISPLAY

THE ADDRESS IS DISPLAYED IN HEX WITH THE
FOLLOWING CODES:

L FOR A
H FOR B
P FOR C
A FOR D

- FOR E
(BLANK) FOR F

0--2G0 ROM FAULT

0--300 THE BATTERY VOLTAGE WAS T0OO LOW WHEN THE
INSTRUMENT WAS SWITCHED ON.
THE STANDARD SETUP IS SET.

ALL FIXED FREQUENCIES AND INSTRUMENT
SETUPS ARE ERASED IN THE RAM

Table 6-2 Summary of error numbers 1in the SPM-19




CLASS I:

TEST GROUP 0OX

FUNCTIONS: GENERAL MODULE TEST

ERROR MESSAGES:

1--001

1--002

HARDWARE TEST

INDICATION: 9003 INTERNAL TEST RUNNING

INDICATION: j----- INTERNAL TEST IS COMPLETE AND NO
FAULT WAS DETECTED IN THE LEVEL
MEASURING SECTION,

THE TEST SIGNAL IS THE CALIBRATION LEVEL AT

F = j0kHz.

- THE SIGNAL PATH IS THE WIDE-BAND MEASURING PATH.
(PREAMPLIFIER Il IN WIDE-BAND SECTION AND 10 dB
SWITCHING IN IF SECTION ARE ON).

LEVEL AT WIDE-BAND DETECTOR 1S 700 LQOW
POSSIBLE FAULTS:

CARRIER FREQUENCY NOT CORNECTED.
FAILURE OF ONE OR MORE MODULES BETWEEN CALIBRA-
TION MIXER AND WIDE-BAND DETECTOR.

LEVEL AT WIDE-BAND DETECTOR TOO HIGH
POSSIBLE FAULTS:

FAILURE OF ONE OR MORE MODULES BETWEEN CALIBRA-
TION MIXER AND WIDE-BAND DETECTOR.

Table 6-2

Summary of error numbers in the SPM-19 (continued)
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1--003 LEVEL AT SIGNAL DETECTOR T0O LOW.
POSSIBLE FAULTS:

FAILURE OF ONE OR MORE MODULES BETWEEN WIDE-
BAND DETECTOR AND SIGNAL DETECTOR

1-=-004 LEVEL AT ANALOG-DIGITAL CONVERTER (ADC) TOO LOW.

1--005 LEVEL AT ANALOG-DIGITAL CONVERTER (ADC) TOO HIGH

POSSIBLE FAULTS:

FAILURE OF ONE OR MORE MODULES BETWEEN SIGNAL
DETECTOR AND ADC

1--006 LEVEL ABOVE SELECTIVE BRANCH IS T0O LOW

1--007 LEVEL ABOVE SELECTIVE BRANCH IS TOO HIGH
POSSIBLE FAULTS:
FAILURE OF ONE OR MORE MODULES IN THE MIXER
SECTION

1--008 CALIBRATION SWITCH WILL NOT STAY AT THE
MEASURING INPUT '
PREREQUISITE FOR THE VALIDITY OF THE FAULT:
A POSSIBLE INPUT LEVEL MUST NOT EXCEED -60 dB
AT 25 MHz.

Table 6-2 Summary of error numbers in the SPM-19({continued)
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TEST GROUP 01X:

FUNCTION:

TEST OF THE GAIN CHANGEGVER SWITCH IN WIDE-BAND
SECTION AND IN IF SECTION
TEST SIGNAL AS ABOVE
SIGNAL PATH IS THE SELECTIVE PATH
ERROR MESSAGES:
1--010 PREAMPLIFIER I AND PREAMPLIFIER 11
IN BB SECTION MUST NOT BE INTERCHANGED
1--011 0 dB CHANGEOVER SWITCH IN IF SECTION DOES NOT REACT
1--012 20 dB CHANGEQVER SWITCH IN IF SECTION DOES NOT REACT
1--013 INPUT ATTENUATOR I IN BB SECTION DOES NOT REACT
1--014 FIRST 30 dB CHANGEOVER SWITCH IN IF SECTION DOES
NOT REACT
1--015 INPUT ATTENUATOR IT IN BB SECTION DOES NOT REACT
1--016 SECOND 30 dB CHANGEOVER SWITCH IN IF SECTION DOES
NOT REACT
TEST GROUP 0ZX:
FUNCTION: TEST FOR INVALID FREQUENCY RESPONSE DEVIATIONS

SIGNAL PATH IS THE SELECTIVE PATH

WIDE-BAND GAIN: -30 dB

IF GAIN: +50 dB
ERROR MESSAGES:
1--020 INVALID FREQUENCY RESPONSE DEVIATION AT ? kHz
1--021 INVALID FREQUENCY RESPONSE DEVIATION AT 10 kHz
1--022 INVALID FREQUENCY RESPONSE DEVIATION AT 100 kHz
1--023 INVALID FREQUENCY RESPONSE DEVIATION AT | MHz
1--024 INVALID FREQUENCY RESPONSE DEVIATION AT 10 MHz
1--025 INVALID FREQUENCY RESPONSE DBEVIATION AT 25 MHz

Table 6-2 Summary of error numbers in the SPM-19 {continued)
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SYNTHESTZER FAULTS

1--101 ERRGNEOUS RESULT OF ADDITION IN-ADDER CIRCUIT
1--102 ADDER COUNT IS NOT FINISHED
1--103 ADDER SIGNAL DAC REMAINS LOW

CALIBRATION ADJUSTING NETWORK
1--201 INSUFFICIENT EXTENT WITH ANALOG
1--202 INSUFFICIENT EXTENT WITH DIGITAL

POSSIBLE ORIGINS OF FAULT
* DEFECTIVE CALIBRATION ADJUSTING NETWORK IN IF amplifier
* BASIC GAIN OF COMPLETE EQUIPMENT IS SET WRONG |

* DEFECTIVE CALIBRATION SIGNAL OR GAIN SETTING

CLASS Z: OPERATOR ERRORS

2--001 INVALID ADDRESS NUMBER

2--002 ROM ADDRESS: "STORE"™ NOT POSSIBLE
(FIXED FREQUENCY OR SET-UP FROM EPROM)

2--003 ADDRESS CAN BE USED ONLY WITH "RECALL"
(TO RECALL WHITE NOISE, PRINTER, AND TEST PROGRAMS)

2--004 START AND STOP ADDRESS ARE IN DIFFERENT RANGES
(BOTH MUST LIE EITHER BETWEEN O AND 99 OR BETWEEN
200 AND 299)

2--005 ADDRESS NOT PROGRAMMED

2--101 MEASURING RANGE TOO SENSITIVE

2--102 MEASURING RANGE TOO INSENSITIVE

Z--103 WIDE-BAND SECTION OVERDRIVEN (WITH 80 dB SCALE)
Z--104 MEASURING RANGE UNSUITABLE FOR "STORE ABS AS REF"

Table 6-2 Summary of error numbers in the SPM-19 {(continued)



2--10%

2--106

2--201
2~-301

2--311
2--312

CLASS 3:

3--000

3--101

3--102

3--103

DYNAMIC MEASURING RANGE NOT REACHED (ONLY WITH IEC
BUS AT RANGE SETTING AND DYNAMIC MARGIN +25/-75 dB

DYNAMIC MEASURING RANGE EXCEEDED (ONLY WITH IEC BUS
AT RANGE SETTING AND DYNAMIC MARGIN +25/-75 dB

"STORE ABS AS REF" NOT PERMITTED (SWEEP OR SEARCH MODE)

48 kHz BANDWIDTH IS POSSIBLE ONLY WITH DIGITAL FRE-
QUENCY SETTING OR AUTOSTOP

PHASE JITTER IS ONLY MEASUREABLE AS ABSOLUTE

PHRASE JITTER 1S ONLY MEASUREABLE WITH DIGITAL FRE-
QUENCY SETTING OR "CONTINUOUS".

FAULTS IN THE DIGITAL INTERFACE [40]  [4]]

INITIALIZATION REQUEST FROM A PERIPWERAL DEVICE
(TO BE REGARDED AS AN ACKNOWLEDGEMENT AND NOT
AS A FAULT: APPEARS DURING INITIALIZATION OF
THE DEVICE)

“TIME-OUT ON IBF (INPUT BUFFER FULL}" WITH
GENERATOR (DATA WERE TRANSMITTED TO GENERATOR
AND NOT READ WITHIN THE PRESET TIME)

"TIME-0OUYT ON OBF {CUTPUT BUFFER FULL)" WITH
GENERATOR (DATA WERE REQUESTED FROM THE GENERATOR
BUT NOT SUPPLIED WITHIN THE PRESET TIML)

GENERATOR WAS INITIALIZED AND HAS LOGICALLY
DISCONNECTED ITSELF FROM THE RECEIVER,

{THE GENERATOR WAS SWITCHED OFF OR HAS RECEIVED
INVALID COMMANDS GR DATA).

[F THE ABOVE FAULTS OCCUR, THE DATA CONNECTION BETWEEN THE
"RECEIVER AND THE GENERATOR SHOULD BE CONNECTED.

Table 6-2 Summary of error numbers in the SPM-19(continued)



MAINTENANCE AND MISCELLANEOUS

The level meter SPM-19 requires no special maintenance
provided it is handled correctly. The closed case pro-
tects the electronic circuits at all times, even during
transport. The use of the corresponding protective cover
5D 4 is recommended in order to protect the controls on
the front panel and the sockets on the rear of the unit
against splash water, dust, and mechanical damage. In
addition, the SPM-19 can be carried with the carrying
handle of the protective cover.

~For major transport under rough conditions, the use of
the equipment case TPK-4 or the transport case TPG-4

is recommended (see section 3.1.2).

MECHANICAL CONSTRUCTION

Caution: Before opening the unit, disconnect the mains
plug from the cutlet socket. The unit must
always be switched off before removing or
inserting modules or optional features.

The case dimensions comply with the DIN Standard 41 494

and the American Standard ASA C 83.9. The unit can therefore
be mounted in 19" racks (see section 3.1.3). The cover,
baseplate, and side walls are made of robust cast aluminum.
For servicing purposes, it is possible to remove the six
hexagon head cap screws {wrench on the rear of the unity,

to take off the equipment cover, and to 1ift the complete
chassis including the front panel and the rear wall from

the case.
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Figure 6-2






6.3.2

6.3.3

When doing this, remember that the chassis is connected

to the power supply unit on the right wall of the case

via a plug connector. A1l modules are accessible from

the top and the bottom if the two screws of the two folding
chassis are removed.

When assembling, ensure that the blue flat cable is

not trapped between the chassis and the case. During
repairs, ensure that the upper foiding chassis can-

not fall, as this could result in damage to the cables.

Figure 6-2 shows details of the components in the upper folding
chassis after removal of the equipment cover and the chassis cover.
Amongst other things, the microprocessor (INTEL 8085) and the free
positions for the optional accessories IEC bus board or printer inter-
face and PROM (white noise program, fixed fregquencies, set-ups} with
customer-specific programs can be seen in this figure. The pushbutton
T is depressed only after repair in order to initialize the unit if
the buffer battery for the RAM power supplies was disconnected during
repair (see section 3.6).

CHANGING OR INSTALLING THE INTERFACE BOARDS

The plug-in modules printer interface BN 905/01 or {(JEC 625) inter-
face bus board BN 853/02 are installed from the rear of the unit (see
Figure 4-2}. Removing the two outer screws provides access to the com-
partment and the board can be inserted or changed {component side on
the top). The interface board is then held in position with the two

SCrews.

INSTALLING THE PROM BN 8259/00.02 or BN 829/00.03

The PROM can be installed in the unit at any time. As the data are
stored in a MOS memory module (EPROM), the board must be installed as
described below due to the sensitivity of the circuit to static
charges.



6.3.
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Generally, whenever working with MOS components, all tools, working
benches, equipments and users should have the same reference poten-
tial. For this reason, the MOS module should be installed as follows:

1. Switch off the level meter.

2. Remove the six hexagon head cap screws {(wrench on the rear of the
unit) and take off the equipment cover and the chassis cover.

3. Hold the unit (reference potential) with one hand, remove the MOS
module from its packing material with the other hand (holding it
at the ends), and insert it in the position shown in Figure 6-2.
The module is oriented correctly if the inscription on the compo-
nent is the same as on socket.

4. Fit the equipment cover and chassis cover, screw it down, and
switch on the level meter.

UNIVERSAL CONNECTGRS VERSACON CDQ

The coaxial input, the inputs and outputs for control

in standard frequencies, and the IF output at the level
meter are equipped with the universal connector "Versacon
made by Wandel & Goltermann (Figure 6-3). This has the ad-
vantage that it permits rapid conversion to one of the
connection sockets shown below without soldering. The
required socket adapter is screwed into the fixed universa
socket, using the mounting wrench {Order No. W 1).

Versccon®9 Lemo BNC 1.6/5.6 2.5/¢6 1.6/10 558 A 470C

Western Eleciric

Figure 6-3 Basic socket Versacon(:>9 with some of the
available Versacon 9 adapters

®91§



6.3,

6.4

6.4.1

5

RECHARGEABLE BATTERIES FOR DATA RETENTION

The power suppiy unit on the right side wall contains re-
chargeable batteries: 3 Ni-Cd cells 501 RS, type "Mignon™
IEC R 6. These ensure, if the mains voltage is intervrupted
temporarily or switched off, that the last settings which
were entered and all stored data ars retained. The batteries

are trickle~charged whenever the level meter is switched on.

If the JTevel meter was switched off for a longer period,
it is recommended that it be left on for approximately

& hours in order to fully recharge the batteries. The
batteries are stored in the battery compartment N on

the rear of the unit (see Figure 4-2). To replace the
cells, remove the two philips head screws, permitting
the battery holder to be pulled out.

Wwhen fitting new cells, ensure that their polarity is

correct, as shown on the cover,

ADAPTATION OF THE V.24 - PRINTER INTERFACE

The Printer Interface BN 905/01 takes into account the CCITT Rec-
ommendation V.24 and V.28 or corresponding Standards (RS 232 C, DIN
66020}. The switch array on the Interface Card permits the data out-
put, Bu 1, to be adapted to various printers as needed. In addition
the printout can be set to automatic or manual, or the printout format
can be altered, and also a test of the interface can be executed. The
three switches, whose position are shown in Fiqure 6-4, are accessible

after the top cover has been removed from the instrument's case.

TEST OF INTERFACE, S 1/3

This test permits the determination of whether or not the waiting
time has been correctly set or whether the printer’s acknowledgement
is functioning correctly.

The test results from switch 51/3 being closed momentarily.
Result: Three test lines with one empty line and succeeding V.24 In-
terface test (Test line: 012 ....RST).
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b.4.2

6.4.3

6.4.4

6.4.5

6.4.0

At the end of the test the RAM and ROM components have been shown to
be either good or defective.

It is therefore particulary important to take notice that the charac-
ters at the beginning of every line are correct. Perhaps the waiting
time must be altered.

AUTOMATIC PRINTOUT S 1/1

S 1/1 clesed (normally closed): immediate printout of measured re-
sults.

S 1/1 open : manually released printout {6.4.3)

MANUAL PRINTOUT S 1/2

The fundamental switch setting is open. A short closure is sufficient
to cause the prior measured value to be printed. The printout release
can also be implemented through the “SPACE™ key on the keyboard of a
printer so equipped.

MOGIFICATION OF THE PRINTOUT S 1/4, S 1/5
Line number

S 1/4 closed : 66 lines
S 1/4 open . 72 lines

Column number

S 1/5 closed : 1 column
S 1/5 9pen  : 2 columns

PAGING S 1/8

5 1/8 closed : the printout follows automatically in
pages with 66 or 72 lines

5 1/8 open :  the printout is not divided into pages

WHATTING TIME

For printers that can accept data faster than the speed of printing,
the possibility of setting fixed waiting times at the ends of the
iines or the possible presence of printer acknowledgements (BUSY on



contact 11 of the interface connector, Bu 1) might be used. See
switches S 2/1 to 5 and § 2/8, S 2/9.

Switch closed Waiting time
S 2/1 800 ms
5 2/2 400 ms
S 2/3 200 ms
S 2/4 . 100 ms
S 2/5 50 ms

Any combination can be selected to set a waiting time (max. 1550 ms)

6.4.7 PARITY ENABLE S 2/6

5 2/6 c}dsed: a parity bit is attached to every character of the data
being transmitted to the printer. This bit is ignored
if the data source is the printer.

CAUTION: If the TREND Printer 800 KSR is employed, S 2/6 must be
' closed, '

S 2/6 open: no parity bit, S 2/7 1s not functional.

6.4.8 EVEN PARITY S 2/7

E 2/7 closed : the périty bit is even
S 2/7 open :  the parity bit is odd

£.4.9 BUSY POLARITY S 2/8
when S 2/9 is closed, and if S 2/8 is closed:

BUSY line status is low; data transmission is halted when the volt-
age is <-3V on contact 11 of Bu l.

S 2/8 open: BUSY line status is high

6.4.10 BUSY ENABLE S 2/9

S 2/9 closed: BUSY signal is effective on contact 11 of Bu 1. Data
transmission is halted for a max. of 0.5 sec. [f this
interval is not sufficient, extra waiting time can be
set-up.

*) Switch used only when SPM-19 is switched OFF
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6.4.11

6.4.12

6.4.13

£-20

S 2/9 open. : data transmission is not halted. S 2/8 must likewise
be open |

FORM FEED ENABLE S 2/10

The function is effective when the Level Meter is switched ON and
with PAGING.

5 2/10 closed: with printers that automatically set themselves to
the beginning of the sheet, a new page is begun. In
addition, four lines are Teft empty at the beginning
of the sheet.

S 2710 gpen with'éndTess paper printer the pages with empty Tines
are filled in so that with paging likewise the
division of pages takes place.

BAUD RATE S 3/1 to /3 )

Baud rates between 150 and 9600 bit/s are switch selectable. The

switches must be arranged as follows:

Baud rate | S 3/1 | S3/2 | S 3/3
9600 H 1
4800 1 1 it 0 = switch open
2400 1 0 1 Z switch closed
1200 1 0 0
600 0 I i
300 0 1 0
100 0 0 1

ADAPTATION TO THE BASIC UNIT S 3/5 to /8 *)

The positions of these switches are instrument specific and must not
be altered!

The switches must be set in the following configuration:

$3/5 ¢ ON (1)
S 3/6 : OFF (0)
S 3/7 ¢ O (1)
S 3/8 : oM (1)

*) Switch used only when SPM-19 is switched OFF
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