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CERTIFICATION

Hewlett-Packard Company certifies that this product met jts published specifications at the time of
shipment from the factory. Hewlett-Packard further certifies that its calibration measuremerits are
traceable to the United States National Bureau of Standards, to the extent allowed by the Bureau’s
calibration facility, and to the calibration facilities of other International Standards Organization
members,

WARRANTY

* This Hewlett-Packard instrument product is warranted against defects in material and workmanship
for a period of one year from date of shipment. During the warranty period, Hewlett-Packard Com-
pany will, at its option, either repair or replace products which prove to be defective,

For warranty service or repalr, this product must be returned to a service facllity designated by HP,
Buyer shall prepay shipping charges to HP and HP shall pay shipping charges to return the product to
Buyer. However, Buyer shall pay all shipping charges, dutles, and taxes for products returned to HP

from another country,

HP warrants that its software and firmware designated by HP for use with an instrument will execute
its programming Instructions when properly installed on that instrument. HP does not warrant that the
_ operation of the instrument, or software, or firmware will be uninterrupted or error free,

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance
by Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation out-
side of the environmenta! specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPISE,

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP
SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRELT, SPECIAL, INCIDENTAL, OR CON-
SEQUENTIAL DAMAGES, WHETHER BASED ON CCNTRACT, TORT, OR ANY OTHER LEGAL
THEORY.,

ASSISTANCE

Praduct maintenance agreements and other customer assistance agreements are available for Hewlett-
Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office, Addresses are
provided at the back of this manual,
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WARNING

READ THE FOLLOWING NOTES BEFORE INSTALLING OR SERVICING THE INSTRU-
MENT.

1.

IF THIS INSTRUMENT IS TO BE ENERGIZED VIA AN AUTO-TRANSFORMER MAKE
SURE THAT THE COMMON TERMINAL OF THE AUTO-TRANSFORMER IS CONNEC-
TED TO THE NEUTRAL POLE OF THE POWER SOURCE.

THE INSTRUMENT MUST ONLY BE USED WITH THE MAINS CABLE PROVIDED. IF
THIS IS NOT SUITABLE, CONTACT YOUR NEAREST HP SERVICE OFFICE, THE
MAINS PLUG SHALL ONLY BE INSERTED IN A SOCKET OUTLET PROVIDED WITH
A PROTECTIVE EARTH CONTACT. THE PROTECTIVE ACTION MUST NOT BE NE-
GATED BY THE USE OF AN EXTENSION CORD (POWER CABLE) WITHOUT A PRO-
TECTIVE CONDUCTOR (GROUNDING).

THE SERVICE INFORMATION FOUND IN THIS MANUAL IS OFTEN USED WITH
POWER SUPPLIED TO AND PROTECTIVE COVERS REMOVED FROM THE INSTRU-
MENT. ENERGY AVAILABLE AT MANY POINTS MAY, IF CONTACTED, RESULT IN
PERSONAL INJURY.

BEFORE SWITCHING ON THIS INSTRUMENT:

(a)} Make sure the instrument input voltage selector is set to the voltage of the power
sourca,

(b) Ensure that all devices connected to this instrument are connected to the protective
{earth) ground.

{c) Ensure that the line power {mains) plug is connected to a three-conductor line power
outlet that has a protective (earth) ground. (Grounding one conductor of a two-
conductor ouilet is not sufficient),

{d) Check that the instrument fuse(s) is of the correct type and rating.
SERVICING |NFORMATION:

(a) This manual contains information, cautions, and warnings which must be followed to
ensure safe operation and to retain the instrument in safe condition. Service and
adjustments should be performed only by qualified service personnel.

{b) Any adjustment, maintenance, and repair of the opened instrument under voltage
should be avoided as much as possible and, when inevitable, should be carried out
only by a skilled parson who is aware of the hazard involved,

{c) Capa,fcitors inside the instrument may still be charged even if the instrument has been
discqnneqted from its source of supply.

{d}) Wherever it is likely that the protection has been impaired, the instrument must be
made inoperative and be secured against any unintended operation,
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‘WARNING

TO AVOID HAZARDOUS ELECTRICAL SHOCK, DO NOT PERFORM
ELECTRICAL TESTS WHEN THERE ARE SIGNS OF SHIPPING
DAMAGE TO ANY PORTION OF THE OUTER ENCLOSURE (COVERS,
PANELS, METERS, ETC,).

Inspect the shipping container for damage. If the shipping container or cushioning material is damaged, it
should be kept until the contents of the shipment haye been checked for completeness and the instrument
has been checked mechanically and electrically. Procedures for checking electrical perfermance are given
in Section 4 of the Service Manual. If the contents are incomplete, if there is mechanical damage or defect
or if the 4947A does not pass the Performance Tests, notify the nearest Hewlett~-Packard office. If the
shipping container is damaged or the cushioning material shows signs of stress, notify the carrier as well as
the Hewlett-Packard office. Keep the shipping materials for the carriers inspection. The HP office will
arrange for repair or replacement at HP option without waiting for claim settlement.
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INSTRUMENT DESCRIPTION

The 4947A is a voice band (50Hz to 5004Hz)} Transmission Impairment Measuring Set. The transmission
‘mpairmert measurements which can be made using the 4947A are listed below.

o Level/Frequency {fixed or swept frequency)

o Message Circuit Noise (Idle noise) - C-message filter
¢ Message Circuit Noise (Idle noise) = 3 kHz flat filter
¢ Noise to Ground -~ C-message [ilter

¢ Noise to Ground ~ 3kkiz flat filter

¢ Envelope Delay Distortion

¢ 4 wire Return Loss - ERL, SRL LOW & SRI. HIGH

» Transients - Gain hits, Phase Hits and Dropouts

+ 3 level Impulse Noise - with or without holding tone
¢ Intermodulation Distortion (NLD 4-tone)

» Noise with Tone (C~message filter)

« Signal to Noise Ratio {C-message filler) ,
e P/AR (Pezk to Average Ratio)
o Phase Jitter (20-300 Hz)

o Phase Jitter (4-300 Hz)

+ Sequence

The sequence is a series of measurements with fixed timings (based on the 107 type test line) to allow
end-to-end synchronization of 2 pair of instruments.

The 4947A can make measurements direcl;/ on leased or dial up lines and has loop holding capablhty, a
monitor ioudspeaker, a butt~in connection and DTMF dialing,

There are four permanently stored frequencies 404Hz, 1004kHz, 2804Hz and 2713Hz. Any other four
frequencies may be temporarily assigned and stored by the user.

A print or plot of measurement results may be obtained via the HP-IB connector on the rear panel when
the instrument is configured in the "TALK ONLY" mode.

The 4947A has HP-IB capability for remote operation,




Gelting Started

SECTION

GETTING STARTED T-1

INTRODU; TION

i

This chapter aims to get you ready to make measurements. It takes you through switch-on, introduces
operating features and provides simple procedures to demonstrate how easy the 4947A is to use,

SWITCH-ON

CAUTION

Before connecting the instrument to the ac power source, ensure that the
rear panel VOLTAGE SELECTOR SWITCH is set for the power=line
voltage to be used and that a fuse of the correct rating is installed (refer to
INSTALLATION sectfon).

For this demonstration, prior to switch~on, check that the rear panel HP-IB switch is set to TALK ONLY.

Switch on the 4947A by pressing the POHER key to ON. Check that Prnt and PlLot are briefly displayed
and that the PRINT/PLOT mode led is lit,

The 4947A now performs a calibration routine which takes approximately 20 seconds, and then enters an
idle state. The following messages are displayed during this period:

If initial calibration

CAL Pt 1 oF 4

gﬁt :t g g:- : } t'qils an error code 15

CAL Pt 4 of 4 J displayed (see APPENDIX A).
IdLE

NOTE
I} the SEQUENCE measurement was selected prior to the last power down, the 4947 A

aufomatically re-selects SEQUENCE after initial calibration [see page 2-19 for details of
SEQUENCE).

1-1
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FRONT PANEL OPERATING FEATURES
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MEASUREMENT Keys: directly select the measurement you want to make. In dialing mode,
they form a key pad.

HP-IB/PRINT/PLOT key: action depends on the mode selected on the rear pane! HP-IB
switch before power up.

o If the switch is set for TALK ONLY mode, the key prints or plots the measurement results via

the rear panel HP~IB connector.

¢ If the switch is set to ADDRESSAHBLFE mode, the key returns the 4917A to local control when

it is remotely controlled via the HP-1B.

CAL key: initiates internal calibration routines. To select multifrequency dialing, press
SHIFT followed by DTMF DIAL (To return the 4947A to the measurement mode press DTHF
DIAL then select the measurement you want.)

DISPLAY key: selects for display either the transmitter settings (level, frequency and so on
- for transients, this also includes thresholds) or the measurement results from the receiver.
It also switches the loudspeaker between TRMT or RCV ports.

SET and SELECT DIGIT/CHANGE VALUE Kkeys: lets you change values of test parameters,
for example, level and (requency. Use the appropriate SET key to select the display, the ->
and <~ keys to select the digit, and STEP UP and STEP DOHN to change the value of the
digit. End by pressing SET again. These keys are zlso used to select preset frequencies or,
used alang with the SHIFT key, allow you to store new frequencies.

3 E N E B e
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Getting Started

During return loss, you can use the SET T/HYBRID LOSS and SELECT DIGIT/CHANGE
VALUE keys. To compensate the result for transhybrid loss, or for overall channel gain (to
give Equal Level Echo Path Loss results). Pressing the SET T/HYBRID LOSS a second time
completes the correction.

When LEVEL/FREQ is sclected the SELECT DIGIT/CHANGE VALUE keys directly access four
common frequency values (used to measure gain slope and activate Joopback devices). You
can directly change a "direct access” value by entering a frequency in the normal way, then
pressing SHEFT followed by the appropriate STO F1 to STO F4 key,

ROLL DISPLAY key: Repeated use of this key lets you scroll through the parameters and
results obtained during TRANSIENTS or SEQUENCE measurements. Press SHIFT first to scroll
backwards.

SET VOLUME Key: controls the loudspeakm1 volume in conjunction with the STEP UP and
STEP DOHN keys.

SKEEP/RESTART key: is used during TRANSIENTS measurement to reset the counters and
timer and restart the measvrement; and during the LEVEL/FREQ or ENVELOPE DELAY
DISTortion measurement to control the frequency sweep, SHEEP starts or stops the sweep at
the frequency shuwn on the display;, SHIFT RESTART starts the sweep at the FROM
frequency, In SEQUENCE, pressing SHEEP causes the 4947A to "Transmit Only". If you want
to restart the sequence press SHIFT RESTART then SHEEP.

SHIFT key: selects the "blue” function of a dual function key, When SHIFT is pressed, the
led lights and when the function is selected the led then goes out.

TRHT and RCV key: lets you match the 4947A to the channel under test. TERM terminates
the line under test with the impedance selected; BRDG makes the 4947A input high
impedance for bridging across a line already terminated. If the 4947A operates on lines
which pass d¢ current, the HOLD keys activate the 4947A loop holding circuits to sink the
current,

SET ZERO Kkey: lets you store the current receiver level reading as a O0dB reference:
subsequent readings are relative to this value, In ENVELOPE DELAY DIST and LEVEL/FREQ,
readings are attenuations (positive readings indicate a lower level than the reference level),
In LEVEL/FREQ, pressing SET ZERO again brings back absolute level readings in dBm. In
ENVELOPE DELAY DIST, the SET ZERO key establishes the current delay result as a
reference. SET ZERO is used during the RETURR LOSS measurement when an unknown
transhybrid loss (THL} correction value is being measured. Subsequent RETURN LOSS results
are corrected by this value. Also labeled NOISE CHECK, this key additionally lets you
correct for noise effects on a channel during an INTERMOD DIST measurement.

SF SKIP key: is used when testing circuits using single frequency (SF) signaling: this key
prevents the HP4947A from transmitting frequencies between 2450 and 2750 Hz

REVERSE Kkey: reverses the function of the two measurement ports. TRMT-RCV becomes
RCV-TRMT or vice versa,

SET SHEEP key: lets you enter the frequency sweep parameters in the middle display.

HANDSET key: lets you dial up a line using a butt-in.

-3
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REAR PANEL OPERATING FEATURES

2
1\ /
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CAPABILITY CODES -

5H1 AH1 T6 L4
SR AL1 DCH

SHEEP: sets the sweep rate for a swept measurement in LEVEL/FREQ and the delay
averaging in an ENVELOPE DELAY DIST measurement (12 teconds/measurement point ».
SLOH position for high accuracy, and 3 seconds/measurment point in FAST position).

SEQUENCE: set to NORMAL, the sequence is modeled on the type 107 test line timing and
takes approximately 20 minutes to complete and can be used for end-to-end and loopback
testing. Set to FAST, the transient measurements are omitted and the sequence lasts
approximately 2 minutes and js suitable only for loopback testing.

MON O/P: provides a demodulated phase jitter output,

HP-IB: sets the 4947A to either the TALK ONLY imode or ADDRESSABLE mode. You must
select the mode you want prior to power up. To output printed or plotted results to a
printer, the 4947A must be set to TALK ONLY. (The printer must be set to LISTEN ALKAYS.)
If the 4947A is to be controlled remotely, it must be in the ADDRESSABLE mode (4947A
address must be set prior to power up).
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Getting Sturted

DEMONSTRATING THE 4947A

The following de nonstrations show how easy it is to use the 4947A. A detailed explanation of the 4947A
measurement capability is given in Section 2. The 4947A transmitter and receiver ports are connected by
looping cable in these demonstrations (see diagram below).

Demonstration 1

A single tone measurement with the transmitter level sct to -10dBm and the frequency set to 1804Hz
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I. Press LLVEL/FREQ

TRANSMITTER

2. Use the TRMT key to set the transmitter output impedance to 608 ohm.

3. Display the transmitted level and frequency using the DISPLAY key, (FRMT led lit).

4. Change the transmitted level to -10dBm using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys The => and <~ keys select the digit you want to change. The STEP UP
and STEP DOHN keys change the value.

5. Change the transmitter frequency to 1 804Hz using the SET key for the middle display and the SELECT
DIGIT/CHANGE VALUE keys.

RECEIVER
6. Use the RCV keys to set the receiver input imped.ance to 600 ohm and TERMinated,

7. Display the received level and frequency using the DISPLAY key (RCV led lit). The level reading is in
the left hand display and the middle display indicates the received frequency.

— v Y —————



Getting Sterted

Demonstration 2

A single tone measurement with the transmitter level set to ~10dBm and the frequency swept between
304Hz and 3004Fz in 50Hz steps. Print and plot the results. Before commencing with the demonstration
connect a printer, (HP2225A ThinkJet), in the LISTEN ALWAYS mode, to the 4947A rear panel HP-IB
connector and set the 4947A HP-IB switch to TALK ONLY before turning the 4947A on.
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1. Press LEVEL/FREQ 2 ; 6

TRANSMITTER

2. Use the TRMT key to set the transmitter output impedance .o 600 ohm.

3. Display the transmitted level and frequency using the DISPLAY key, the TRMT led should be lit,

4, Cimnge the transmitted level to - {0dBm using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys. The => and <= keys select the digit you want to change. The STEP UP
and STEP DOKWN keys change the value,

‘5. Set the sweep limits and start the sweep as follows (check the rear panel SREEP switch is set to FAST):

Sweep Limits
Use the SET SHEEP key to;

a) Light the FROM lod, then change the reading on the middle display to 304Hz ( suart
frequency) using the SELECT DIGIT/CHANGE VALUE keys.

b) Li~ht the TO led, then change the display reading to 3004Hz ( stop frequency).
¢} Light the STEP led, then change the display reading to 50Hz (incremental step frequency).

d) Extinguish the STEP led,

1-6
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Start Sweep

Press SHEEP/RESTART to start the sweep from the frequency displayed in the middle display.
Alternatively, you can start the sweep fom 304Hz by pressing SHIFT followed by
SHEEP/RESTART.

RECEIVER
6. Use the RCV keys to set the receiver input impedance to 600 ohm and TERMinated.

7. Display the received level and frequency using the DISPLAY key (RCV led lit). The level reading is in
the left hand display and the display indicates the received frequency.

8. Press the front panel HB-IB/PRINT START/STOP key for print (TALK led should be lit). Press the
PRINT key again to stop printing.

9. Alternatively, wait unti] the 4947A has swept all measurement points between 304Hz and 3004Hz and
then plot results by pressing the SHIFT key followed by the HP-IB/PRINT START/STOP key.

I
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Demonstration 3

A SEQUENCE measurement with the transmitter level set to -13dBm. Resulfs are read from the display and
printed. i

The SEQUENCE is 2 series of measurements performed in order, starting with P/AR and modeled on a 107
type test line sequence. The MEASUREMENTS leds light to ipdicate the current measurement. It takes
approximately 2 minutes to complete the sequence in FAST mode.

6,0 6 10

1. Conneél a HP2225A ThinkJet printen in the LISTEN ALHAYS mode to the 4947A rear panel HP-IB
connector,

2. Set the rear panel SEQUENCE switch to FAST and disconnect the RCV port from the TRMT port.
3. Press SEQUENCE The right hand display will display FAST. |
TKANSMITTER '

4, Use the TRMT key to set the transmitter output impedance to 600 ohm.

5. Use the DISPLAY key to display the transmitted level {TRMT led should be lit).

6.  Set the transmitted level to ~13dBm using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

RECEIVER

7. Use the RCV keys to set the receiver input impedance to 600 ohm and TERMinated.

1-8
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8, Connect the RCV port to the TRMT port using a 310 type (ring-tip-sleeve) test cord. The sequence
test will begin automatically.

9 Use the DISPLAY key to display the received results { RCV led should be lit).
10.  When End is displayed, use the “‘sLL DISPLAY key to scroll through the results which are arranged in

an endless loop, i.e. the first result follows on after the last. You can identify a result by checking
which measurement led is lil. To obtain a hard copy of the results, press PRINT START/STOP.

ERROR CODES

Error codes may be displayed while operating the 4947A. They will appear in the right hand display and
take the form Err xx, where xx is the code number. Refer to APPENDIX A for Error Codes descriptions.

-9
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Making Measurements

MAKING MEASUREMENTS

SECTION

INTRODUCTION

This chapter is organised into 15 MEASUREMENT
sections. Each section contains measurement
principles and operating instructions.

Use the "numbered tabs” on this page to look up
the measurement you are interested in.

Preliminary Setup

Dial and Hold
Level/Frequency

P/AR (Peak to Average Ratio)
Intermod Distortion

Sequence

Message Circuit Noise

Noise to Ground

Noise with Tone {(Notched Noise)
Signal to Noise Ratlo

4-Wire Return Loss

Delay Distortion

Transients

Impulse Noise

Phase Jitter

2-1
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Making Measurements

PRELIMINARY SETUP
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Connecting the 4947A to the Test Circuit

CAUTION

75558 Uk
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Ensure no more than 150Vde transversal voltage is present on the circuit before

connecting to it,

I Each of the test ports of the 4947A can function as Transmitter output or Receiver input,
Pressing the REVERSE key to the right of the test connectors, causes the function to be reversed
{left side TRMT, right side RCV becomes left side RCV, right side TRMT and vice versa), The status of

the ports is indicated by the Jeds above the REVERSE key.

Matching the 4947A tc the Test Circuit

2 Select the receiver input impedance using the RCV (60052, 90002, 12000) key.
3 Sg'i;"f.t the ivpe of termination required using the TERM/BRDG key (terminated or bridged).
y

4, ISelect the transmitter output impedance using the TRMT (6008, 9000, 1200Q) key.
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Making Measurements

DIAL AND HOLD

The 4947A and a butt-in can be used to dial up lines. The 4947A can send multifrequency dialing, but
you will need the butt-in for pulse dialing or if you want to talk down the line. The 4947A can also hold
"wet” lines {i.e. lines which pass dc current when the telephone handset goes off-hook) by sinking between
20 and 30mA (see Service Minua) aboul setting current). The holding current is factory set at 24mA,

The diagram below illustrates the operation of the "hold” capability (both TRMT and RCV lines) and the dial
capability (using a butt-in).
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Making Measurements

Front Panel Dialing Keys

In the DTMF DIAL mode, the 4947A keys (labeled as shown below) transmit tone pairs to dial
multifrequency digits. At shipment, these are set to the North American DTMF standard, but they may be

re-programmed using the remote control MD command (see Page 4-26).
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Dialing using the 4947A and a Butt-In
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1. Connect the butt~in to the HANDSET port.

2 Connect the test circuit to the TRHT port.

19

3. Press HANDSET to connect the butt-in through to the TRMT port. The CONNECT HANDSET TO
TRANSMIT led will light,
NOTE
HANDSET cannat be selected in the YALE state, select a measurement (e.g.
Message Circuit Noise} before you select HANDSET .

4, Dial up the line you want using the butt-in,

5. When the f2r end goes of f-hook you can use the butt-in for voice communication,

6. To continue to hold the line and connect the 4947A transmitter to it, press TRHT HOLD (led should :
be lit) then HANDSET. You can now transmit test signals along the line. To re-establish the -
speech path, press HANDSET . To drop the line, press TRMT HOLD.

7. Alternatively, to continue to hold the line and connect the 4947A receiver to it, press RCV HOLD

then REVERSE You can now receive test signals from the line,
press REVERSE and HANDSET. To drop the line, press RCY HOLD.

To re-establish the speech path

moamg




Making Measurcments

DTMF dialing a 2-Wire Circuit using a 4947A
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Press SHIFT followed by DTMF DIAL ‘Fhe TRMY and RCY HOLD led’s and the TRMT and ™ V
DISPLAY led's will light, diAL will appear in the middle display and the dialing signal level in the
left hand display.

Change the transmitted dial tone level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

Connect the test circuit to the RCV port and listen for the "dialing tone” (you may have to adjust
audio monitor), then press REVERSE to connect the TRMT port to the test line.

Use the HEASUREMENTS and SELECT DIGIT/CHANGE VALUE keys to dial the number you want
(the digits are printed in white on the front panel). As each d'git is entered it is displayed in the
right hand display. You can also hear each digit being dialed on the audio monitor {vou may have
to adjust the volume).

NOTE

If you have to re-dial, drop the line by pressing TRMT HOLD (the led will go off).
To seize the line again, press TRMT HOLD (the led will Ifght) and re-dial the
number you want,

To listen to the ringing tone on the audio monitor, press REVERSE The test circu
connected to the RCV port.

it is now
When the far end goes off-hook, press DTMF DIAL to exit DIAL nsode. Your 4947A receiver is
now connected and you can measure test signals from the line.

Alternatively, if you want to transmit a test signal, press REVERSE to re-connect the TRMT port to
the test circuit. You can now transmit test signals along the line,

Select the measurement you want.
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DTMF dialing a 4-Wire Circuit using a 4947A
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. Pres: SHEFT followed by DYMF DIAL The TRMT and RCV HOLD led’s and the TRMT and RCV
"~ DISPLAY led's will light diAL will appear in the middle display and the dialing signal level in the
left hard display, , : 4

2, Change the transmitted dial tone level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys. :

3 Conpect the go path of the test circuit to the TRMT post and connect the return path to the RCV
port and listen for the "dialing tone” on the audio monitor.

i
4, - Use the MEASUREMENTS and SELECT DIGIV/CHANGE VALUE keys to dial the number you waut
(the digits are printed in white on the front panel). As cach digit is entered it is displayed in the
right hand display, You can alto huar each digit being dialed on the audio monitor (you may have
to adjust the volume). ’

+

NOTE

If you have fo re-dial, drop the line by pressing the TRMT HOLD key (the led will
g0 of[). To seize the line again, press TRMT HOLD (the fea Will light) and re-dial
C the number you w.int,
: )
Having dialed the number you want, you should also hear the ringing tone on the audio monitor.

5. When the far end goes off-hook, press DTMF DIAL to exit DIAL mode. You can now perform
measurements if you have a 4947A (or some other test set) at the far end.

If you want to talk to the flar ".n;i,iyoﬁ will need to use a butt-in. Conncct the butt-in to the
HANDSET ports and go off-hook on the handset, then press HANDSET, You can now talk to the far
end on the butt-in and listen to the far end on the audio monitor by setting the DISPLAY mode to
RCV. : : .

i

‘i ‘ N
6. Select the measurement you want, : i
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Receiving an Incoming Call and Holding the Line
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Connect the RCV port to the test line. Use the DISPLAY key to light the RCV led.

Set the volume of the audio monitor so that you can hear any received signal, using the SET
VOLUHE and STEP UP and STEP DOHN keys.

When a call comns.ih, you will hear a "buzzing” on the audio monitor. To seize the line, press RCV
HOLD. The caller can now speak to you or transmit test signals. To make measurements, press the
appropriate MEASURCHENTS key.

To transmit test signals while continuing to hold the line, press TRHT HOLD then REVERSE

To drop the line, press the appropriate HOLD key.

WITH A BUTT-=-IN {if you want to talk)

6.

7.

Connect the TRHT port to the test line.
Connect the butt-in to the, HANDSET port and press HANDSET to connect the butt-in through to
the TRMT art. The CONNECT HANDSET TO TRANSMIT led will light.

\ ! |
When veu receive a call, the butt-in will ring. Go off-hook to receive the call.

H l 1

To connect the 4947A lransmltter to the line, press TRMT HOLD then HANDSET. You can now
transmit v st signdls along the line. To rc-establish the speech path, press HANDSET. To drop the
l’me, press TRMT HOLD.

Allern"uively,' to connect the 4947A receiver to the line, press RCV HOLD then REVERSE. You can
now recewe "test signals from the line. To re-establish the speech path, press REVERSE To drop
the line, press RCV HOLD.
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LEVEL AND FREQUENCY ............tvevernvenanas. . Principles

LEVEL/FREQUENCY encompasses 4 related measurements: loss, altenuation distortion, gain slope and
frequency shift. Al use the same measurement configuration.

TRANSMITTIER BF.CE.ZVF.R
| FREQUENCY I
VERIRBLE [— COUKTER
"VRRIRBLE "
POWER : { TELEPHONE CERCUIT > FL—@

1004Hz Loss

This measurement determines the point-to-point loss (or gain) of a channel at 1004Hz.  1004Hz is
transmitted instead of 1000 Hz to avoid measurement errors caused by signals which are submultiples of the
8kHz PCM sample rate.

I

2,

The transmitter sends 1004Hz at the normal data level {usually 1 3dBm0).

The receiver measures the Jevel and frequency of th. received signal. The loss is the difference
between the transmitted and received levels,

‘ NOTE

If the channel is already t2rminated, the receiver con measurs the level via a
high impedance input (bridging mode). There is a small loading error which is
compensated for in the result. |

I

Attenuation Distortion

Attenuation distortion defines the flatness and useable bandwidth of the circuit,

The transmitter sends 1004Hz (or other suitable frequency) at the normal data level. The level
received at this frequency is set as the reference level.

The transmitter sweeps through a range of spot frequencies over the channel bandwidth. At each
frequency, the receiver computes the difference between the level received and the level at the
retference frequency.

L E5)
3
=




Making Measurements

Gain Slope

This is a quick method for assessing the flatness of a channel using only 3 frequencies, 2 of which are close
to the edges of the channel bandwidth. The level is measured at 1004Hz and established as the reference
level; then the attenuation is measured at 404kHz and 2804Hz relative to the reference level.

Frequency Shift

Frequency shift can occur over facililies such as FDM carrier systems and is measured by comparing the
frequency sent into the channel with the frequency received at the far end of the channel.

NOoTE
The measurement may not be valid when measurcd on looped-around carrier

facilities since the freque.cy shift in one direction may be cancelled by
frequency smft in the return direction.
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1, Press LEVEL/FREQ.

Transmitter

2. Display the transmitted level and frequency using the DISPLAY key. 'The TRMT led should be lit,
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Making Measurements

LEVEL AND FREQUENCY ...........s...... Instrument Operation _

A frequency of 1004Hz is transmitted whenever LEVEL/FREQ is selected. The level remains nt

whatever was last used.

3, Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys. ‘

In some svstems it is not desirable to transmir signal levels above -13dBm0 as
interference with other chunnels may result.

NOTE

Decide whether you want to use a single point frequency of your choice, a preset frequency, or a multipoint
sweep, then follow the appropriate procedure.

PRESET FREQUENCIES

The 4947A gives single-keystroke access to four preset frequencies. At switch-on the preset !requencies
are initialised to; 404Hz, 1004Hz, 2804}z and 2713Hz.
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Making Mcasurements

4. To select a preset frequency:
¢ Ensure all SET functions are inactive, i.e. all SET leds should be off,
¢ Select your presct frequency by presuing the appropriate SELECT DIGIT/CHANGE VALUE
key.
5 To store a different preset frequency:

e Change the preset frequency by using the SET key for the middle display and the SELECT
DIGIT/CHANGE VALUE keys.

o Store the value by pressing SHIFT followed by one of the STO F1{ to STO F4 key.

o These new frequency values will remain until changed, or until the power is turned off,
Frequency values indicated on the front panel are re-established at power-up.

SINGLE POINT

6. Change the value of the transmitted frequency using the SET key for the middle display and the
SELECT DIGIT/CHANGE VALUE keys.

MULTIPOINT SWEEP

7. Select the sweep rate you want, by setting the rear panel SHEEP switch to either FAST or SLON.

{FAST gives one measurement per point; SLOH gives five measurements per point, thus slowing the
sweep rate),

8. Set the sweep parameters by using the SET SHEEP and SELECT vIGIT/CHANGE VALUE keys:

start frequency . . . . . F e e e .. FROM
SLOPFPEqUBNCY . + v v v v v o e e e e e e TO
incrementalstep, . . .. ... ... ... STEP

After setting the sweep limits, re~-display the transmitter frequency using SET SREEP {all sweep
leds are extinguished).

9. To start the swéep from the start frequency, press SHIFT followed by SKEEP/RESTART. To start
the transmitter sweeping from its current frequency, press SHEEP/RESTART. When the sweep is in
progress the SHEEP led is lit. To stop the sweep, press SREEP/RESTART again.

NOTE

1. If a receiver reference is required, set this up before starting the sweep (see next page),

2. Sweep parameters can be changed while the transmitter is sweeping.

:
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RECEIVER REFERENCE
2 When the reference signal is received (for attenualion distortion measurements this is normally
1004Hz), press SET ZERO to change the level reading from an absolute value in dBm to a relative
attenuation value in dB. All sutsequent received level readings are relative to this value,
NOTk
A negative reading indicates a level highe. than the reference level,
Pressing SET ZERO a second time changes the level reading back to absolute units in dBm
3 Results can be printed or plotted on an external device, See Printing/Plotting in Section 3,

NOTE

Error codes will be displayed if the input level to the receiver is too high or
unstable (see error codes in APPENDIX A),

l 1. Display the received level and frequency using the DISPLAY key, The RCV led should be lit.




Making Measurements

P/AR (PEAK TO AVERAGE RATIO) .......vsevuussensa. Principles

P/AR i5 a good quick measure of the combined effect of impairments which produce intersymbol
interference on a data signal (for example, phase/delay distortion, attenration distortion, intermodulation

distortion and noise),

P/AR cannot determine which impairment is causing the problem =~ its value is solely as a benchmark

measurement to show up degradations with time in the transmission quality of a line.

A deviation of x4 P/AR units from the bench mark value usually indicates a suspect channel.

KEY| FREQUENCY KEY| FREQUENCY
A 140.625 Hz | 2140.625 Hz
a B 390.625 J 2390.625
‘ c 640,625 K 2640 625
| D 890,625 L | 2890625
—_ E 1140625 M 3140.625
@ F 1390625 N 3390 625
5 G 1640.62", o 3640 626
=] H 1890625 p 3890 625
= 0 " v
=
i 1
3
S | e
,' g -0
“ ‘ 8 20
- E
0 2 4 6 B =30
TIME (mS) % 40 l
L4
o o -
P/AR WAVEFORM ABCDEFGH IJKLMNOP
300 2000 3000
FREQUENCY (Hz2)
P/AR SPECTRUM
How it is Measured
k. The transmitter sends a complex signal which closely approximates a modem signal (16 frequencies
with 2 known envelope shape).
2. From the received signal envelope, the receiver calculates the peak-to-average ratio. This is

compared with the known peak-to-average ratio of the transmitted signal.
ensures that a P/AR of 100 indicates no signal degradation.

A scaling factor




Muking Measurements

P/AR (PEAK TO AVERAGE RATIO) .......... Instrument Operation
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L. Press P/AR.
Transmitter

2, Display the transmitted P/AR signal level in dBm using the DISPLAY key. The TRMT led should be
Hit,

3. Change the transmitted signal level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

Recelver
4. Display the received signal level in the left hand display and the P/AR reading {in UNITS) in the
right hand display using the DISPLAY key. The RCV led should be lit.
NOTE

A P/AR reading of zero indicates that the P/AR of the incoming signal fs
out~-of -range of the 4947 A's receiver.
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Making Measurements

INTERMOD DISTORTION (NLD)...........0usssuesnaa.. Principles

Non-linearities in a telephone channel generate signals not present in the original signal. When the original
signal contains multi-frequencies, the frequencies and their harmonics mix to form intermodulation
distortion products. In N. America, the 4-tone method* is normally used to measure intermodulation

distortion.

TRANSMITTER RECEIVER
2nd QRDER WdORDER

TEST
Iyl bty el

SHy = 16H; A “ ﬂ m
520 2200

00 B&D 13580 3000
FREQUENCY(Hz) 1900

AMPLITUDE

S5IGNAL

How it is Measured

1. The transmitter sends a test signal which comprises four tones arranged as two frequency pairs, A
and B, centered at 860 and 1380Hz, respectively. (This scheme produces distortion products
similar to that generated by a modem signal; also interference from other impairments is
minimized.)

2. The receiver measures only three groups of distortion products. They are the second order
distortion products centered on A + B (224011z) and A - B (520Hz) and the third order products
centered on 2B - A (1900Mz). (This set is reckoned to be a sufficient measure of channel
non-linearities.) The resuits are presented as the ratio of total received power to the power of the
distortion product. The powers in the two second order bands are averaged.

If the distortion products are down near the noise level, the noise measured along with the distortion
products gives erroneous distortion results. The 4947A includes a NOISE CHECK key 1o get round this
difficulty: when the key is pressed, the noise is measured; when it is pressed again, the noise component is
removed from the distortion result. The noise is measured by transmitting a single tone pair (to activate the
channel but avoid producing intermodulation products in the filter bands) and measuring the noise power in
the intermodulation measurement filters. To keep channel loading constant, the transmitter sends the
single tone pair at the same level as the two tone pairs.

* The non-linear distortion measurement is licensea under Hekimian Laboratories Inc., U.S. Patent No.
3862380.

E



Making Measurements

INTERMOD DISTORTION (NLD).............. Instrument Operation

L

Transmitter

2.

Recelver

4.
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Press INTERMOD DISTorlion.

Display the transmitted level using the DISPLAY key, The TRMT led should be lit.

The 4947A indicates that 4 tones are being transmitted by displaying the transmitted level in the
left hand display and 4t (4 tone) in the middle display.

Change the transmitted level by using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE Leys.

Display the received 4 tone level, and the 2nd and 3rd order intermod ratios on the display using
the DISPLAY key. The RCV led will be lit.

lefthanddisplay, . . . ... ...+ ..+ . ... . received powerin dBm
middledisplay . . ... ... .. ... ... 2ndorderintermod + noise in dB
righthanddisplay . . . ... .. ... ... 3rdorderintermod + noise in dB

'

NOTE

If the 2nd or 3rd order intermod ratio are ~70dB or (out-of-range) HE is




Making Measurements

NOISE CORRECTION {loophback)

The results on the display also include the effects of noise. The following steps correct the
readings for these effects in loopback,

hY To apply noise correction, first switch the transmitter from 4 tone to 2 tone operation by pressing
the NOISE CHECK key.

The display shows the effects of channe! noisc in the 2nd and 3rd order intermod bands.

left hand display. . . . ... ... . ... v v e e e s o Bech (noise check)
middledisplay . . . . ..., ... .. signal/noise in the 2nd order band in dB
right hand display . . . ... ... .. signal/noise in the 3rd order band in dB

6. Display the intermod readings with noise correction applied by pressing NOISE CHECK again. All

subsequent reading will be noise corrected.

The displays should now show the following units:

Icrl hand displayb N R P T T R T T T T dBrl‘
middledisplay . . . . .....+++v 4+, ++.+...., dB CORR(corrected)
right handdisplav . . ... ... ... . ... ... . » dB CORR(corrected)

7. If it is necessary to again measure intermod with noise (no correction), the measurement must be

repeated by pressing the INTERMOD DIST key,
NOISE CORRECTION (end~to-end)

To pro tide noise correction in end-to~end operation, communication between the operators at the Transmit
and Receive Ends is necessary.

NOTE

Noise correction cannot be made simultanecusly in both directions.

Transmitting End 4947A

8 To apply noise correction, switch the transmitter from 4 tone to 2 tone operation by pressing the
NOISE CHECK key. The Transmitting End operator informs the Receiving End operator *2 tone is
being transmitted” (uses a buir-in or other telephone line). Wait until Receiving End operator tells
you to return to 4 tone transmission and then press NOISE CHECK again.

Receiving End 4947A

9, Listen for the change from 4 Tone to 2 Tone on the audio monitor. Then press NOISE CHECK and
allow the 4947A to settle, by letting the 4947A measure the 2 Tone signal a few times before
pressing NOISE CHECK again to to store noise correction values.

10. Tell the Transmitting End operator to return to 4 Tone transmission.

11 Listen for the 4 Tone signal and monitor the corrected results on the display.




Making Measurements

SEQUENCElDlliil!lihhlIDblliiDiililli.i.lliililiPr[nciples
This one-~keystroke measurement runs a sequence of tests which measure ull the key data transmission
parameters. The measurement is useful because it allows automation of loopback and end-to-end testing,
The sequence does not include direct measurement of attenuation distortion and delay distortion. But it
does show up problems in these areas by including gain slope aud ¥/AR, which run much faster. The
sequence is therefore an excellent Fast quality check,

Content

'The sequence has fixed content and timing (modeled on the 107-type Test Line). /,I

TRMT range = 0to ~0 dBm

re
Meds RCV range = 0 to -30 dBm {normal made)
o ti =} to +40 dBm ([ast inode)
peration
1. Start up: The transmitter sends out a P/AR signal but measurement does not begin until the

receiver recognizes the start of a sequence. After that, the receiver keeps pace simply by knowing
what the transmitter will send next,

2 Sfgnal loss: If the received signal drops below -30dBm (fast mode, -40dBm) during a

measurement interval {excluding the background noise interval), signal loss is deemed to have
occurred and the 4947A displays SIG LOSS. The transmitter switches off and the receiver looks
for the P/AR signal. Once it is found, the 4947A returns to start up,

KN Power loss: If this occurs during a sequence measurement, the 4947A powers up as normal but,

instead of entering the idle state, returns to sequence and assumes signzl loss.

4, End of sequence: At the end of the [7 min of 1004Hz, the transmitter starts another 17 min

of I!(104112 and the receiver looks for the P/AR signal, If it is found, the 4947A returns to start
M

’

e AT T e e TR S




Making Measuremenis |

Transmit Only Operation

When SEQUENCE s pressed, the 4947A transmits the P/AR signal until its receiver has recognized the start
of a sequence. This is the way a synchronized startup is achieved. However, when the operator just wants
to send out the sequence, he ¢an trigger it manually by pressing SEQUENCE followed by SHEEP.

2-wire End-to-end Operation

Two 4947As are required. First the Receive End operator selects SEQUENCE to initiate a search for the
start of a sequence. Then the Transmit End operator selects SEQUENCE followed by SHEEP to initiate
transmit only.

4~wire End-to~end Operation

Two 4947As are required. The operator at one end selects SEQUENCE on his 4947A which initiates the
sequence and wails for a response.  This comes from the other end when the operator there delects
SEQUENCE. Two~-way testing then proceeds without further operator intervention,

Each 4947A stores the results of its own measurements in non-volatile memory. Later, results can be
dumped to a printer or a controller or scrolled through and read from the display.

Fast Mode

For faster loopback testing, only one 4947A is required, so synchronization of the receiver and transmitter
is easy. This makes it possibie to run the clements of the sequence much faster, The fast mode sequence
runs in less than 90 seconds, has the same content as the 107 Test Line but ends with phase jitter. There
are no transient measurements. If these are required, normal mode must be used.

i
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SEQUENCE (LoopbacKk). .. ...+ sesvssnssass, Instrument Operation
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1. Set the rear panel SEQUENCE switch to FAST,

2, Press SEQUENCE.

Transmitter

3 Use the DISPLAY Fey to display the transmitted level. The TRMT led should be lit.

|
4, Set the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

Recelver
5. Connect the RCV port and TRMT port to the loophick circuit.

6. Use the DISPLAY key to display received results, the RCV led saould be lit.  All resulis will be
available after 2 minutes when End is displayed. During the sequence, results are displayed as
each measurement is made,

7. Use the ROLL DISPLAY key to scroll the results.

|2}
1
-
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Making Measurements

SEQUENCE (2-Wire End-to-End)............ Instrument Operation
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'wo 4947A’s are required.
Set the rear panel SEQUENCE switch to NORMAL on both 4947A's,

NOTE
Setting the SEQUENCE switch to FAST is invalid for end-to-end operation.
Receiving End 4947A (set up)

2. Press SEQUENCE. The SEQUENCE and P/AR leds will light and SLo appears in the right hand
display.

3 Select the RCV display mode using the DISPLAY key, The RCV led will light,

4. Connect the RCV port to the test circuit.

Transmitting End 4947A (set up)
5. Press LEVEL/FREQ
6. Display the transmitted level using the DISPLAY key, The TRMT led will light.

7. Change the level using the SET key for the left hand display and the SELECT DIGIT/CHANGE
VALUE keys.

3 Connect the TRMT port to the test circuit,

2-22
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10.

Making Measurements

Press SEQUENCE. The SEQUENCE and P/AR leds will light and SLo appears in the right hand
display.

Press SKEEP/RESTART to start the sequence timing, The 4947A lets you know where you are in
the SEQUENCE by lighting the appropriate MEASUREMENTS led.

Recelving End 4947A (reading results)

1.

12,

13

14.

1S

NOTE

The P/AR result is the first 10 be received and is displayed in the right hand display.

If you want to hear the received signal use the SET VOLUME and STEP UP and STEP DOKN keys
to set the audio monitor level,

The 4947A lets you know where you are in the SEQUENCE by lighting the appropriate
MEASUREMENTS led. ‘The measurement is complete when End is displayed,

Use the ROLL DISPLAY key to scroll forward through the results. SHIFT followed by ROLL
DISPLAY allows you to scroll backwards (see Table of results).

Wait until End is displayed before printing resulls.

A useful feature of SEQUENCE is that results are stored in NVM (non-volatile
memory). This allows you to move the 494744 to another location {if you want) |
before you read or print out results. When you power-up at the new location:

I. Ensure the 4947 A4 ports are not conhected.

2. Press SEQUENCE

3. Read or Print results.
Step I ensures that the 4947 A cannot detect a new sequence before the stored

resuits are read or printed. If new sequences were to be detected, the stored
results in NV M would be overwritten.




Making Measurements

Sequence Results

RECEIYER DISPLAY

MESSAGE CIRCUIT NOISE:

' 3kHe
C-MESS

INTERMOD DISTORTION:

4 Tonx

2 Tone {nofxe correction)

4 Tone {nolse corrected)

LEVEL/FREQ:

PHASE JITTER:

20-300H:
4-300H:

TRANSIENTS -ALL SLOW

nofie dBrn
nojse dBrn

level dBm

n.ch.{noize check)

level dBm

level dBm

level dBm
level dBm

transient period
Hre

gain hits GHIT
impulse low ImpL

ind Order+noire dB 2nd

noise 2nd Band dB 2nd

2nd Order dB 2nd CORR

1004Hz

phase {itter DEG
phase jitter DEG

phase hits § HIT
imputse medium ImpM

MEASUREMENT feft hand middle right hand
P/AR P/AR UNITS
LEVEL/FREQ:
NOISE WITH TONE (C~MESS) level dBm 10044z noise 4B3m
SIGNAL TO NOJSE (C~MESS) level dRm 10041z signal/noise dB
" ATTEN. DIST. (w.r.t, 1004H2) altendistdB 4041z
altendistdB 2804H2

3rd Order+noise dB Jrd

noise rd Band dB Jrd

3rd Order 42 Jrd CORR

dropouts DOUT
imputse higl. ImpH

2-24
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SEQUENCE (4-Wire End~to-End)............ Instrument Operation
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Two 4947A% are required. The following procedure applies to both the Far and Near End 4947A’s.
l. Set the rear panel SEQUENCE switch to NORMAL (or incorrect results will be obtained),

} NOTE

H

Setting the SEQUENCE switch to FAST is invalid for end-to-end operation,

2, Select LEVEL/FREQ
3 Select the TRMT display mode using the DISPLAY key. The TRMT led will be lit.

4, Set the transmitted level using the SET key for the left hand display and SELECT DIGIT/CHANGE
VALUE keys.

5. Connect Luth the TRMT and RCV ports to the test circuit,

6. Select the RCV display mode using the DISPLAY key. The RCV led veill be lit. , |

7. Press SEQUENCE. Both 4947A% will now progr:ss through the SEQUENCE measurements with 107
timing,

Reading Results

8 The P/AR result is the first to be measured and is displaycd in the right hand display.
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Making Measurements

9 If you want to hear the reccived signal use the SET VOLUME and STEP UP and STEP DOHN keys
to set the audio monitor level.

10. The 4947A lets you know where you are in the SEQUENCE by lighting the appropriate
MEASUREMENTS led. When the measurement is complete End is displayed.

11,  Use the ROLL DISPLAY keys to scroll forward through the results. SHIFT followed by ROLL
DISPLAY allows you to scroll backwards (see table of results given on Page 2-27).

12, Wait until Eng is displayed before printing results.

NOTE

A useful feature of SEQUENCE is that results are stored in NVM (non-volatile
memory). This allows you to move the 4947 A to another location {if you want)
before you read or print out results, When you power-up at the new location:

1. Ensure the 4947 A ports are not connected,
2, Press SEQUENCE
3. Read or Print results.

Step I ensures that the 4947 A cannot detect a new sequence beforz the stored
results are read or printed. lf new sequences were to be detected, the stored
results in NVM would be overwritica. '

Signal Loss

If the receiving end 4947A does not receive the expected signal, the SEQUENCE measurement stops and SIG
LOSS is displayed. The transmitter goes idle and the receiver monitors the line, waiting to see if a new
sequence is received from the Far End. If it is, the sequence is restarted,

!
2-WIRE END-TO-END OPERATION

To re-start the measurement, press SEQUENCE then SHEEP/RESTART on the transmitting end 4947A.

)
NOTE

It can take up to 2 minutes for the receiving end 49474 to notice that it has
lost the signal and display SIG LOSS, due to 107 timing,

4-WIRE END-TG-END QPERATION

If there is an operator at each end and SIG LOSS is displayed on one of the 4947A’, then press SEQUENCE
on both 4947A's to re-start.

If there is only one operator and SIG LOSS is displayed, the SEQUENCE can be re-started if the operator
waits 2 minutes before pressing SEQUENCE The 2 minute wait ensures that the other 4947A is ready to
start a new SEQUENCE (i.e. it also is displaying SIG LOSS). It is always helpful to monitor the progress of
the Far End 4947A, by using the audio monitor at the Near End receiver,




Making Measurements

RE~STARTING SEQUENCE

If for some reason during SEQUENCE you want to re-start the measurement, press MESSAGE CIRCUIT
NOISE to abort the measurement, wait 2 minutes then press SEQUENCE to re-start the measurement.

Sequence Results

RECEIVER DISPLAY
MEASUREMENT left hand middle right hand
P/AR P/AR UNITS
LEVEL/FREQ:
NOISE WITH TONE (C~MESS) level dBm 1004512 nojre dBm
SIGNAL TO NOISE (C~MESS) level dBm 1004M: signal/noise dB
ATTEN, DIST, (w.r.l. 1004Hz) atten dist.dB 104Kz
attendistdB 2804H:2

MESSAGE CIRCUIT NOISE;

IxH:
C~-MESS

INTERMOD DISTORTION:
4 Tone
2 Tene (noise correction)
4 Tone (nolre corrected)

LEVEL/FREQ:

PHASE JITTER:

20-300H:
4-300H2

TRANSIENTS -~ALL SLOW

noire dBrn
noise dBrn

leve! dBm
n.ch,(noise check)
Jevel dBm

level dBm

level dBm
level dBm

transfent period
Hes

gain hits GHIT
impulge low ImpL

2nd Order tnolse dB Ind
nofie 2nd Band dB Ind
Ind Order dB 2nd CORR

1004Hz

phase jitter DEG
phase jitter DEG

phase hits § HIT
imputlze medivm Emph

3rd Order+noise dB Jpd
nolse 3rd Band dB 3rd

3rd Qrder 4B Jrd CORR

dropouts DOUT
impulse high ImpH

1-17
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Making Measurements

MESSAGE CIRCUITNOISE ...............csvevssssss ., Principles

This measurement uses no test signal and quantifies background noise with a choice of band limiting filter

(3kHz flat or C-message).

Welighting Filters

C-message: This filter measures noise signals that annoy the ordinary telephone user. However, it is also
vsed to evaluate the effects of noise on voice~-grade data circuits because its response is relatively flat over
the frequency range used for data transmission,

3kHz flat: This filter attenuates much less at Jow frequencies (60Hz to 500Hz) than the C-message
filter. By performing a 3kHz measurement after a C-message measurement, the effect of low frequency

noise (60Hz commercial power, 20Hz ringing, etc) can be determined.

RESPONSE TO C-MESSAGE FILTER
L0

0

RESPONSE (dB)
N
o

-

b

1 1 . 1 1 1 J

60 100 200 500 1000 2000 3000 5000

FREQUENCY (Hz)

How it Is Measured

2-28

TRANSMITTER

. GUIEY
TERMINATION

At one end of the line, the transmitter provides a quiet termination of the appropriate impedance,

At the other end, the rec:iver measures the noise via a band limiting or weighting filter. Noise
levels are displayed in dBrn (0dBrn = -90dBm). When the C~message filter is selected, the noise is

TELEPHONE E_I_RELI'H

N

+10

0

RESPONSE (aB)
'g .

RECEIVER

RESPONSE OF 3KHz FLAT FILTER

! AN

Ll 1 1 [l l...L ]

60 100 200 6§00 1000 2000 3000 5000
FREQUENCY {Hz2)

3 bHr

FLRY _!
| C-MESS —cr-—o—-

MONLTOR
SPLRKER

weighted and the result is cquivalent to dBrnC.
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MESSAGE CIRCUITNOISE .. ....v1r+v....... Instrument Operation

i

.
pa e X

oy T
o :%M;ff/{-‘;/: 7 ’/’%‘fﬂ/‘;f}y /..,-./ﬁ
4 3 AL T
Gt o e
Vi asbassi e s

s 2
A T
3 £

BRI %/wz'/zy/y Tix 1
é’,v&? ¢ ¢ & g 17 ’./?.-«-4%?{471 /
2% et 8 > %,’ A /
Bl :

%
bt i didi 1A o 0
& f/ﬂ.mf; R st T

. it o b el |
: L g U
% 7 1 ./V/.Zé ,45% P %r’ - frinacs
iU 4?;%5/ ""‘?éﬁ 75 éw" ] . ﬁo‘;&;
9 Gruntlhii s s s Soeaoi it G 3 b... . S el d 2 Gt
ﬂwy/m/z/a///mmmnu%wv///ﬂ O B DR L I i

R

AL

=

.’/;W//I/#//a’#d%ﬁ’f;’”ﬁz’ 7 JJ’/M”MWJ’W
it e peep e} |
o i Vol ,/54 ?‘5%' 1%/ i % ;
A we 1 ﬁ""" o /f y 1§
: i %xzfj.%x |
AN olh ) i

4
”

s %) e

. i '
During this measurement the transmitter is of f {quiet termination).

. Recelver

1, Use the MESSAGE CIRCUIT NOISE key to select the required filter,

The 4947A automatically selects the RCV display mode. The noise level, in dBrn, is displayed in
the left hand display. If the C-MESSage filter is selected the result is referred to as dBrnC,
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Making Measurements

NOISETO GROUND........oocersressssansseransssss Principles

This measurement determines the longitudinal (common maode) noise present on a circuit (with reference to
ground) and is a measure of the susceptibility of the circuit to electrical coupling from external sources.
Often these are power-line related and 5o are best seen using the 3kHz flat filter,

Common mode noise can be converted to transverse noise in the circuit by line imbalance.

TANSHITTER ) RECLIVER
MESSALE
¥IRE CIRCULT
PRIR NOISE
> > A > >
QUTET b 10 FILTLR
TERWIATION ' BETECTOR
NN [ N >
7/ A 4
l {
] RECLIVER
| NDISC-10-
GROUND
: _ . 0 FILIER
pETLCTIDR
Ne
4
N I\ »
’J’ 4 l/_ v

How It is Measured
The measurement technique is similar to the message circuit noise measurement but the input configuration

is different (the line pair is commoned up), The ground used as the signal reference is the sleeve of the test
cord, which is also connected to the instrument chassis and the power line ground.

2-30
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NOISE TO GROUND.
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During this measurement the transmitter is of f (quiet termination).

Receilver

l‘

Use the NOISE TO GROUND key to select the required filter.

The 4947A automatically selects the RCV display mode,

¢ ,w;,

'The noise level, in dBrn, is displayed in

Making Measurements

vasasassesssenssaresas Instrument Operation

/ﬂ .’

the left hand display. If the C-MESSage filter is selected the result is referred to as dBrnC,
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Making Measurements

NOISE WITH TONE (NOTCHED NOISE).................. Principles

This mezsurement quantifies total noise which includes background noise and noise generated only when a
signal js present, such as when the circuit includes compandors and/or quantizers,

TRANSHITTER _ RECEIVER l
___Dj HONTTOR
SPCAKLR

100AHE . o TELEPHONE CIRCUET . c-nEssAGE T

How it Is Measured

L, The transmitter sends a 1004Hz holding tone at the normal data level.

2. The receiver notches out the 1004Hz holding tone and what is left is measured via a weighting
filter (3kHz or C~message). The received noise level is displayed in dBrn. (0dBrn = -90dBm).
When the C~message filter is used, the noise is weighted and the result is equivalent to dBrnC,

The notch attenuates all frequencies in the range 995Hz to 1025kHz by at Jeast 503B.

FREQUENCY RESPONSE = C - MESSAGE FILTER WITH 1004Hz NOTCH
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NOISE WITH TONE (NOTCHED NOISE)........ Instrument Operation
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1 Press NOISE HITH TONE. The C-MESSage led should be Iit.

Transmitter

2. Display the transmitted level and frequency using the DISPLAY key. 'The TRHT led should be lit,
Level, in dBm, is in the left hand display. The frequency in the middle display is fixed at 1004Hz2,

3 Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

Recelver

4, Display the received signal level, frequency and noise level using the DISPLAY key, The RCV led
should be lit.

lefthand display. . . » v v« v v s v v v w v s s o s v v v levelindBm
middledisplay . . . . v v v oo v v e s s o v v s s v e frequencyin Hz
vight handdisplay . . .. ......... 4.+ ... ... noiselevelindBrn




Making Measurements

SIGNAL TONOISE. .. ....ivusrnrssansssssssnsneseass Principles

The signal-to-noise measurement determines the ratio of received signal-plus-noise power to noise power
and gives a measure of the margin between the data signal and the background noise,

TRANSHITTER RECEIVER
5JGNALENDLSE
1004H T
100kHz  + TELEPHONE CIRCULY W kM
AT v A rNﬁr:n

SICHAL-TN-LDG » 1O LOG tSICHAL POKWCR » KOISC POHER}
NOJSE POKER

How it is Measured

1. The transmitter sends a 1004Hz holding tone at the normal data level.

/. The receiver notches out the 1004Hz holding tone and what is left is measured via a C-message
filter then compared with the original signal-plus-noise signal. The computed ratio is displayed
in dB,
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SIGNAL TONOISE. .. ...vssvueserensrssess Instrument Operation
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1. Press SIGNAL TO NOISE.

Transmitter

2, Display the transmitted level and frequency using the DISPLAY key, 'The TRMT led should be lit.
Level, in dBm, is in the left hand display. The frequency in the middle display is fixed at 1004Hz.

K3 Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALYE keys. This measurement is usually performed at -13dBm0. Check the
TLP where you are and set the 4947A level to (=13+TLP) dBm.

Recelver

4. Display the received level, frequency and signal/noise ratio using the DISPLAY key. The RCV led
should be lit.

left handdisplay., . . . . . v o v v v v v v e v o s n o oo w o levelindBm

middledisplay . . . . . ... ... ... frequencyin Hz

right hand display . . . . . . .. ... ... ... .. signal/noise ratioin db
NOTE

1f the received holding tone frequency falls outside the range 994 to 10261z,
no result will be displayed, '
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Making Measurements

4-WIRE RETURNLOSS............cv0uusnesnsssnas.. Principles

The telephone network consists of a mixture of 2-wirc and 4~wire circuits with the bulk of loca!l and toll
traffic carried on 2-wire circuits. Conversion between the two types of cirenit occurs at the junction
between the toll and inter-toll networks and also at points within the 2-wire network where, for example,
amplification is carried out. The device used to convert a two-way path inte separate transmit and receive
paths is 2 hybrid.

Hybrids can cause problems. For example, echoes will occur in a 4-wire telephone circuit if some of the
signal power transmitted into the hybrid gets reflected into the receive path due to hybrid imperfections or
poor matching of the 2-wire leg. The "echo path” is shown in the diagram below,

The 4-wire return loss measurement checks out the characteristics of a hybrid, The measurement is made

from the 4-wire side of the hybrid and, depending on the frequency spectrum of the test stimulus, measures
the potential of the hybrid to cause echoes or send a transmission circuit into oscillation.

+——=TRANSMH]SSION LOSS ¢ ——

/ ECHO FATH

PALANCING 2-NIRE
eSSy T |—

A-WIRE
RLCEIVE .—-4-—-——-—--[::::::}
BORT

+——TRANSHISSION LOSS £

NOTE

The loss b is the sum of the return loss of the 2-wire leg and the losses in the
hybrid paths A to B and B to C. If the 2-wire leg is shorted out, its return
loss Is zeroc and h becomes RO, the loss in the path Ato Bto C.

Definitions

L. 4-wire Return Loss (general definition); The ratio in dB of the power transmitied into the
transmit port of a 4~-wire transmission circuit to the power returned from the receive port. This
is corrected for different circuit losses depending on which of the measurement definitions, 2, 3 or
5 given below, is applied.
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2. Echo Path Loss (EPL): This is the loss experienced by an echo and is simply the 4-wire return loss
with no compensation for circuit losses.

EPLet+h+r

3 Equal Level Echo Path coss (ELEPL): This is EPL corrected for the difference .n transmission
levels between the transmit asd receive ports. ELEPL is therefore independen: of the point of
measurement,

ELEPL=EPL -T +R

4, Transhybrid Loss: This is found by shorting out the 2-wire side of the hybrid and measuring the
4-wire return loss. It therefore includes the transmission losses of the 4~wire legs and the loss h
in the presence of a total mismatch at the 2-wire port,

THL =t +r + h0

5 4~-wire Return Loss corrected for "Transhybrid Loss: If the directly measured 4-wire return losy
(with the 2-wire leg in its normal state) is corrected for THL, the value obtained is the return Toss
on the 2-wire side.

How It is Measured

1 The transmitter sends band-limited white noise. A choice of bandpass filter shapes the noise to
test different aspects of the hybrid. (ERL characterizes the hybrid from an echo standpoint;
SRL-lo and SRL-~hi determine the hybrid's tendency to cause oscillations - frequencies at the
extremes of the channel bandwidth are more likely to cause singing.)

2, The receiver compares the signal level sent into the hybrid with the level returned from the
hybrid and automatically rolls into the result any corrections entered in or measured by the
operator.

« If no correction is entered, the result is EPL.

o If a correclion js entered beforehand for the difference in transmission levels, the result is
ELEPL, _

o If a correction is made for transhybrid Joss (entered beforehand or measured as part of the
return loss measurement), the result is 4-wire return loss as in definition § above, [I

] P oy
e oY [ 1965 W gf 2200 § 3400
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Making Measurements

4-WIRE RETURNLOSS.........c:2:.s+.... Instrument Operation
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L. Use the 4-HIRE RETURN LOSS key to select ERL (echo return loss) or SRL {singing return loss) LOR
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or HIGH. The corresponding led shou'd be lit.

Transmitter

7 | vk 4

57 7% ik B i) é 2

T
e

K L %
TGN )
e |

4

-
‘-‘: ; » ‘

pery

proay [T

v
4] . / /,?/;;/W,,;q_g;;; b /ﬂmﬁ»{aﬁ/f;’&{?ﬂ«//

i oy A

L2

- 3
ik 3 R S

N
Y

TR

nRn
i

=

=

2. Display the transmitted level using the DISPLAY key. The TRHT led should be Lit.

Level, in dBm, is in the left hand display.

3. Change the transmittcd level using the SET key for the left hand display and the SELECT

DIGIT/CHANGE VALUE keys.

4. Correct for Transhybrid loss if desired (sce steps 6 and 7).

Recejver

5. Display the return loss result using the DISPLAY key. The RCV led shouid be lit.

left hand display. . . . . . . . v v v v v o e e e
middle display . . . . . . transhybrid loss in dB (if entered using steps 6 and 7)

2-38
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Making Measurements

TRANSHYBRID LOSS CORRECTION

The 4947A will correct the result for THL (transhybrid loss) of the circuit under test if the THL value is
entered in the middle display (this display contains the value zero when 4~-WIRE RETURN LOSS is first
selected).

Alternatively, the expected overall channel loss can be entered in the transhybrid loss display (Tx TLP - Rx
TLP), 50 that the result s compensated only for chapnrl TLP's nnd not transhybrid loss. ‘The result obtained
is then known as Equal Lavel Echo Path Loss (ELEPL). The procedure for setting overall channel loss is the
same as that for sctting transhybrid loss in step 6 below,

6. If you know the THL value, use the ¥/HYBRID LOSS key and the SELECT DIGIT/CHANGE VALUE
keys to enter the value into the middle display.

7. If the THI. value is unknown, do the following:

o Short-circuit the 2-wire side of the hybrid (sce Page 2-36 for more details). The return
loss result displayed under these conditions equaiz the THL,

» Press SET ZERO to transfer the THL value in dB ‘o the middle display.
s Remove the short circuit from the hybrid. The true return loss is now shown in the left
hand display.
NOTE
Further return loss measurements can now be performec without losing the
THL value as long as ho other measurement is selected, 1The THL correction

may be removed or chunged by using the SEY key for the middle display and
the STEP UP and STEP DOHN keys.
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ENVELOPE DELAY DISTORTION (EDD).................. Principles

Most channels, being imperfect, have a non-lincar phase shift vs frequency characteristic which can affect
data transmission. However, measurement of phase shift over a transmission link is not practical because a
phase reference is difficult to establish at the receive end. Envelope delay is measured instead because it
has a theoretical relationship to phase shift and is convenient to measure end-to~end over a link,

Definitions

l. Envelope delay closely approximates the slope of the phase versus frequency curve of a channel at
a particular frequency and is measured using an amplitude~modulated signal. The modulating
sinewave is much lower in frequency than the carrier so that the upper and lower sidebands lie
very close in to the carrier.

1. Envelope delay distortion is the variation in envelope delay when the carrier frequency is swept
over the channel bandwidth, It is usually measured relative to the delay at a reference frequency
of 1804Hz. (Frequencies around | 800Hz normally give minimum delay.)

How Envelope Delay and Phase Shift affect Datacom

The perfect channel (fig =) exhibits a linear phase/frequency relationship, i.e. the delay is constant for all
frequencies (fig b). This means (assuming no other distortion) that a modem signal would arrive at the far
end of a channel delayed but with the shape preserved.

On the other hand, a channel with a non~linear phase characteristic (fig c) distorts the shape as well as
delaying the modem signal. The envelope delay characteristic of fig d maps to the phase characteristic of

fig c.

4 PERFECT CHANNEL ) IMPERFECT CAANNEL
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How it Is Measured

Making Measusements

Loopback: This mode is the simplest, requires only one TIMS and measures the delay characteristics of the

combined go and return paths,

1. The transmitter sends 1 804Hz amplitude modulated with 83-1/3Hz. The delay of the envelope

at this frequency is stored as the reference delay,

2. The transmitter sweeps the carrier frequency typically between 504 and 2804Hz. At cach

the reference frequency.

frequency, the receiver compares the envelope delay at that frequency with the envelope delay at

Return Reference Mode: This mode measures the envelope delay from the near end (where the TIMS is set
for measurement mode) to the far end (where the TIMS is set for repeat mode).

I The measurement mode TIMS sends 1804Hz which the repeat mode TIMS demodulates. This
83-1/3Hz modulation is then impressed onto a fixed frequency carrier (actually 1 804H2) und sent
back to the measurement moede TIMS. Here, the round trip delay of the 1804Hz envelope is stored

as the reference delay,

2 The measurement mode TIMS sweeps the carrier frequency typically between 504Hz and 2804Hz.
The 83~1/3Mz modulation is automatically stripped off the carrier frequencies by the repeat
mode TIMS which returns it to the measurement mode TIMS via the 1804Hz fixed frequency

carrier.

The return trip delay is thus always constant.

To obtain the relative delay, the

measurement mode TIMS compares the phase of the received modulation with the phase of the
transmit modulator to get the overall delay then subtracts out the reference delay,

_ Forward Reference Mode: This mode measures the envelope delay from the far end to the near end. The
setup is similar to the return reference mode but this time the measurement mode TIMS sends the fixed
frequency and the repeat mode TIMS sweeps the carrier frequencics.
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Making Measurements

EDD (Loopback) .......cvcvveuvesenraasse» Instrument Operation
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1 Set the rear panel SHEEP switch to FAST, (When testing channels where long propagation delays
are expected, use the ND network delay commaind over HP-IB 1o match the channel delay).

2. Use the ENVELOPE DELAY DISTortion key to select the HEAS mode,
Transmitter

K Display the transmitted level and frequency using the DISPLAY key. The TRMT led should be Jit.

lefthanddisplay. . . ... ..... .o +oss .., levelindBm
middledisplay . . . . ... ............. reference frequency in Hz
righthanddisplay . . . . ... ... ... ... ... measurcment rate FASY

When the test circuit is connected, the righi hand display displays FASt followed by the
measurcment result,

4, Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE heys. :

REFERENCE FREQUENCY
5 The reference frequency is 1804Hz when ENVELOPE DELAY DISTortion is first selected {from

switch-on), to change it use the SET key for the middle display and the SELECT DIGIT/CHANGE
VALUE keys.
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Making Measurements

Receiver

6. Display the received signal using the DISPLAY key. The RCV Jed should be Jit.

left hand display. . . . . .. ... .. v e e v e e levelin dBm
middle display . . . . . . e e e e reference frequency in Hz
right hand display . . . . . . . . the difference between the current delay and

the previous delay measurement at the
reference frequency and should be 0.00ms
when the circuit has settled,

7. If you are making SINGLE FREQUENCY measurements you store the reference frequency delay
by pressing SET ZERO, all subsequent readings are with respect to this stored value.

SET ZERO also stores the current level; all subsequent readings are relative to the stored value,
The display units change to dB.

left hand display. . . . ... ... .. TR 0.0d8
middle display , . . .. ... ... ... v+ v v . reference frequency in Hz
right hapd display . . . . .. .. ... v e v v 0,00ms CORR (corrected)

If you are making a SWEPT FREQUENCY measurement you can use SET ZERO as above to store
both the reference frequency delay and level or you can store the reference frequency delay only,
when you start the sweep using the SHEEP/RESTART Iltey.

Transmitter

SINGLE FREQUENCY

8 Change the transmitted frequency over the band of interest, using the SET key tor the middle
display and the SELECT DIGIT/CHANGE VALUE keys.

The right hand display momentarily displays FASt then the received EDD reading (in ms CORR)
for each frequency.

Select the RCV mode, if both the received level and delay results are required.

SWEPT FREQUENCY
9, Set the sweep limits using the SET SHEEP and SELECT DIGIT/CHANGE VALUE keys.

fromfrequency . . . . . . . . . ittt b e e e e e e e FROM
O TTEqUENICY . & o v o e s e e e e e e e e e e e T0
incremental step. . . . . L o e e e e e e e e e STEP

10. Start the sweep by pressing SHIFT then SHEEP/RESTART. ‘The reference frequency delay is stored
awomatically prior to the 4947A starting the sweep,

The right hand display momentarily displays FASt then displays each ENVELOPE DELAY
DISTORTION reading across the swept range, Select the RCV mode, if both the received level and
delay are required.
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Making Measurements

EDD (Return Reference Mode) .............. Instrument Operation

This is an end-to-end measurem~nt in the NEAR to FAR direction (go path). Two 4947A’s (NEAR END

Ot et

[teret)

2,7 " 13 14

and FAR END) are required for this measurement. Results can be read from the display or printed.

1.

Set up the FAR END 4947A first,

Far End 4947A Transmitter

20

3.

2-44

Use the ENVELOPE DELAY DISTortion key to select REPEAT.

Display the level 2nd frequency of the fixed carrier signal to be transmitted to the NEAR END
4947A using the DISPLAY key. The TRHT led should be lit.

lefthanddisplay. . . . ... .. ... ... .v.o... levelindBm
middledisplay ., . . . ... ...+ s vt v ... frequencyinHz

Change the level using the SET key for the left hand display and the SELECT DIGIT/CHANGE
VALUE keys.

The frequency displayed is 18044z when ENVELOPE DELAY DISTortion is is first selected (from
switch-on): to change it use the SET key for the middle display and the SELECT DIGIT/CHANGE
VALUE keys.




pe

Muking Measurements

Near End 4947A Transmitter
6. Select the measurement sweep rate you want, FAST or SLOMW, uring the rear panel SREEP switch,
NOTE
It is possible that large changes in level may occur as the frequency is swept
over the channel bandwidth. To obtain accurate results under these conditions,
you must allow time for the REPEAT mode 49474 and the line to settle between

measurement points. To do this use SLON sweep or change the frequency
manually.

7. Use the ENVELOPE DELAY DISTortion key to slect MEAS.

8. Display the transmitted level and frequency using the DISPLAY key., The TRMY led should be lit.

left handdisplay. . . .. .. ..o v o v v v b e e . level in dBm
middle display . . . . .. .. v e o v v s e .. reference frequency in Hz
right hand display . . . . ..., ... . ... measurement rate FAST or SLo

9. Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

REFERENCE FREQUENCY
10. The reference frequency is 1804Hz when EDD is first selected (from switch-on), to chapge it use

the SET key for the middle display and the SELECT DIGIT/CHANGE VALUE keys. (If you change
the reference frequency, it should match the value set in step §.)

SWEEP LIMITS
' Set the sweep limits using the SET SKEEP keys and SELECT DIGIT/CHANGE VALUE keys.

start frequency . . . ... 00 e e e e e e FROM
SlOp fl'EqU:;‘“CY- [ S T T L T T T T T T T S S S S TO
incremental step. . v v v v i b e e e e e e e e e e STEP

After setting the sweep limits, re-display the reference frequency using the SET SHEEP key (all
SET SHEEP leds extinguished).

Near End 4947A Recelver

12, Display the received signal from the FAR END 4947A using the DISPLAY key. The RCV led

should be lit.
left hand display. . . . . . .. C e e e e e e level in dBm
middle display . . . . .. .. e e e e + » » » » reference frequency in Hz

right hand display . . . . . . . . the difference between the current delay and
the previous delay measurement at the
reference fFrequency and should be 0.00ms,
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13

14,

L5,

2-46

If you want to reference all subsequent level readings to the level of the reference signal (1 804Hz),
press SET ZERO (reading in dB).

Start the sweep by pressing SKCEP/RESTART,
If you are making a SWEP™ FKLEQUENCY measurement you can use SET ZERO as in slep 13 to
store both the referen 2 Hfequency delay and level, or you can store the reference frequency delay

only, when you start the sweep us:ag the SHEEP/RESTART key.

You can obtain resums uting u printer or you can read received ENVELOPE DELAY
DISTORTION against frequency directly on the 4947A when its DISPLAY mode is set to TRMT.
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Making Measuremen!s

EDD (Forward Reference Mode),............ Ihstrument Operation

4,11,14

o "7}//7nrwz‘7
[ Qe é‘fy..”.}
[ 230k Yof

-

wemeen(

S

Gl
Loy,
},}’f"'ﬁ/

1
\-'
R
%.
“@2

R
! § SR
e

AR
R

3,10 7,8 15 7 18

This is an end-to-end measurement in the FAR to NEAR direction (return path). Two 4947A'% {(NEAR
END and FAR END) are required for this measurement.

li

Set up the FAR END 4947A first,

Far End 4947A Transmitter

Set the measuremen. rate to SLOH using the rear panel SHEEP switch.
Use the ENVELOPE DELAY DISTortion key to select REPEAT.

Display the ‘signal being transmitted to the NEAR END 4947A using the DISPLAY key. The
TRHT led should be lit,

lefthanddisplay, . ., ... ... .o ... ..., levelindBm
middledisplay . . . . . ., ...« v v v v v .. frequencyin Hz

Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

The reference frequency is 1804Hz when ENVELOPE DELAY DISTortion is first sclected (from

switch-on), to change it use the SET key for the middle display and the SELECT DIGIT/CHANGE
VALUE keys.
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7. Set the sweep limits using the SET SWEEP and SELECT DIGIT/CHANGE VALUE keys.

SEAFE FTCQUEREY + . v v v o s e s e e e e e e e FROM
SLOPFICQUENCY . + v v v b v b s e e e e e e e e e e s TO
incrementalstep, . . . ... ... ..., b e e e e e b e e STEP
8. After setting the sweep limits, re-display the reference frequency by using SET SHEEP (no SET
SHEEP leds lit).

Near End 4947A Transmitter
9. Set the measurement rate to FAST using the rear panel SHEEP switch.
10. Use the ENVELOPE DELAY DISTortion key to select MEAS.

11 Display the transmitted level and frequency using the DISPLAY key, The TRMT led should be lit.

lefthanddisplay, . . . . .+ . . v v v v v v v v v s v v v levelindBm

middledisplay . . . . ... ...+ .. reference frequency in Hz

right handdisplay . . . .. ..., .. ... .. . beforethe portsare connected
FAST is displayed.

12, Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

13 The transmitted frequency is 1804Hz when ENVELOPE DELAY BISTortion is first selected (from
switch~on), to change it use the SET key for the middle display and the SELECT DIGIT/CHANGE
VALUE keys. (If you change the reference frequency, it should match the value in step 6.)

Near End 4247A Recelver

14, Display the received signal from the FAR END 4947A using the DISPLAY key, The RCV led will
tight,

lefthanddisplay. . . . . . ., ., . v v v v ey levelindBm
middledisplay , . .. . .. ..+ . v frequencyinHz
right hand disglay . . . . . . . . ., 0.00ms (the difference between the current

and previous delay measurements)

15, Store the delay of the current reference signal received from the FAR END $947A by pressing
SET ZERO. All subsequent readings are relative to the stored value,

SET ZERO also stores the currently received level, all subsequent readings are relative 10 the stored
vilue, The displays are as follows:

lefthanddisplay, . . .. .. ... .. ...+ vv ... levelind8

middledisplay . . . . ... ... ...+ ... frequencyinHz
right handdisplay', . . . ., .. .., ...+, . ... 0,00ms CORR (corrected)
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Far End 4947A Transmitter
16, Start the FAR END 4947A sweep, by pressing SHEEP/RESTART.

17. The received frequency and relative delay are displayed on the NEAR END 4947A.
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Making Measurements

TRANSIENTS.......oiottirnnennnrssnassssasonsssss Principles

Transients can cause data errors and, sometimes, interruptions to data communication. With holding tone
present, the 4947A simultaneously counts phase and gain hits, dropouts and impulse noise. With no holding
tone present, the 4947A measures impulse noise only.

For all transient measurements, the count rate s selectable (8 or 100 counts/sec) and so is the counting
period {1 to 599 minutes or continuous),

AMPLITUDE

{a) TRANSMITTED
oo rove \WVWWIWAMAMAMY

RECEIVED
ib) HOLDING TONE
WITH IMPULSE
NQISE SPIKES

| JECEWED
OLDING TONE
(€} "WiTH PHASE M“MMAN'-WMMN
HITS
RECEIVED
(d) HOLDING TONE
WITH GAIN
HITS
(e) HOLDING TONE
WITH DROPOUT"
] .
TIM
Phase Hits E

A phase hit is a sudden changes in the phase of the received test tone, often caused by automatic switching
to standby facilities. To qualify as a hit, the phase change must exceed the threshold for more than 4ms.

Gain Hits

A gain hit is a sudden change (increase or decrease) in the level of the received test tone, again often caused
by facility switching. To qualify as a gain hit the level change must exceed a selected threshold for more
than 4ms.

Dropouts

A dropout is a gain hit with a drop in level of more than 12d4B, ie the drop is large enough to be deemed a
loss in sighal causing most modems to retrain. Counting of impulses and hits is inhibited until 1 second
after the end of a dropout,

Impulse Nolise

Impulse noise includes noise spikes like the clicks and pops we often hear when we use the telephone. The

spikes are much higher in level than the background noise and, generally, last less than one millisecond.
They are often caused by signaling relays in central of fices.

2-50
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The impulse noise measurement counts the number of noise spikes against 3 threshold levels simultancously.
The low level threshold is selectable; the medium and high thresholds are fixed at 4 and 8dB, respectively,
above the low threshold.

How transients are Measured
1. The transmitter sends a 1004Hz holding tone at i*e normal data level,

2. To detect impulses, the receiver notches out the holding tone using a notched C-message filter and
presents what is left to the threshold detectors. Each threshold detector has its own individual
counter which, after registering a count, is blacked from counting another for a fixed period (10
ms if FAST count rate is selected, 125 ms if SLOK count rate is selected). The counters function
independently of cach other which, in some situations, produces unexpected results. For example,
a large impulse following on the heels of a small impulse might get registered by the high and mid
counters only ~ because the low counter could still be blocked following the detection of the small
impulse,

3 For the other transients, the receiver uses a bandpass filter to minimise the effects of single
. frequency interference and noise. Scparate circuits detect hit and dropout events by comparing
the input signal against threshold limits. An output from the dropout detector is used to lockout
the other detectors.

RECEIVER

EVENT DETEC 10N
r

E l Making Measurements
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Making Measurements

TRANSIENTS......o0vsrrasnseansesssasss Instrument Operation

2,812 3,6,8,11 5,7,10,12,13,14

. )

T 2 o ST S £

7 At 7y wﬁ;’;
(231

Zie-

In the TRANSIENTS ALL mode the 4947A measures GAIN HITS, PHASE HITS, DROPOUTS and IMPULSE
NOISE in the presence of a Holding Tone. To measure IMPULSE NOISE only (without a holding tone) see

Page 2-56.

I Set the transient counting rate using the TRANSIENT key. Sclect ALL SLOH for 8 counts per
second or ALL FAST for 100 counts per second.

Setting the Holding Tone Level

2 Display the transmiited holding tone level and frequency using the DISPLAY key. The TRHT led
should be lit.

Level, in dBm, is in the left hand display. The frequency in the middle display is fixed at 1004Hz.

3. Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALYE keys.

Setting Transient Thresholds

4, Set the transient thresholds on the 4947A making the measurement, by first using the DISPLAY
key to select the SET TRANSIENT mode (led will be lit).

3 Display measurement period, in hrs (hours), in the left hand display using the ROLL DISPLAY Key.
The display indicates H-MM, where H is hours and MM are minutes, or Cont (for continuous).

6. Change the measurement period using the SET key for the left hand display and the SELECT
DIGIT,/CHANGE VALUE keys.
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Making Measurements

Display the gain hits, phase hits and dropout thresholds using the ROLL DISPLAY key,

left handdisplay, . . . .. .. ... ... ... ., v . gain hits in dB GHIT
middle displny . . . . ... ,.. ... <+ v v+ » phase hits in DEG GHIT
righthand display . . . . . . ... ... ... ..., dropouts in dB LOUT

Chnnge the gain hits threshold (2,34 or 6dB) using the SET key for the left hand display and the
SELECT DIGIT/CHANGE VALUE keys.

Chunge the phase hits threshold (5 10 40 DEG in 5§ DEG steps) using the SET key for the middle
display and the SELECT DIGIT/CHANGE VALUE keys.

NOTE
The dropouts threshold s fixed at -12d1.
Display the impulse threshold by pressing ROLL DISPLAY again,

Change the "low” impulse threshold using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

The "low" impulse threshold is in dBrn, The middle and high thresholds are automutically set to
4dB and 8dB nbove the "Jow” threshold,
NOTE

T'o majntain measurement accnracy, the impulse "low” threshold shonld be no
inore than 25dB below the holding tone level and no move then 10dB above the
holding tone level. 1f the above limits are exceeded Err 4 may be displayed.

Measuring Translents

12.

13.

NOTE

A new measurement starts cach time a parameter iy changed or when
SHEEP/RESTART fs pressed on the receiving 4947 A.

Display the elapsed iimc using the DISPLAY and ROLL DISPLAY key. The RCV led should be lit.

The elapsed time is shown in the Jeft hand display. The flashing dot in the right hand display

indicates that the menasurement is in progress.
‘ t

Display the interim transient results using the ROLL DISPLAY key. Two sels of results appear in

the displays in turn. They are:

Counts of gain hits, phase hits and dropouts.
Counts of impulses crossing low, medium and hjgh thresholds.
The initial, received level and frequency are also held in the 3rd display.

]
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Making Measurements

= NOTE
The drupont counts indicate how ofien the holding tone s lost during the
nteasurement.
End is displayed when the measurement period is complete.  The receiver stops measuring, but the
transmitter continues to r2nd its holding tone.
— 4. PPress the ROLL DISPLAY key to view the results,
-

! Printinz/Plottine Results

| M



Making Measurements

IMPULSENOISE. .............c.ouvbinivennrenens... Principles

Impulse Noise

Impulse noise includes noise spikes like the clicks and pops we often hear when we use the telephone. The
spikes are much higher in leve] than the background noise and, genera'ly, last less than one millisecond.
They are often caused by signaling relays in central offices.

The impulse noise measurement courts the number of noise spikes against 3 threshold levels simultaneously,
The low level threshold is selectable; the medium and high thresholds are fixed at 4 and 8dB, respectively,
above the low threshold,
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Makinz Measurements

-
'MPULSE NOISE' B F B P R R B BB PR P BPFE R B P ® 2 B K P PR F D !nstrument operation
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. The following procedure allows you lo measure impulse noise without a holding tone, ‘The transmitter is of f
during this measurement (quiet termination). The presence of a holding tone of up to 25dB above the
- lowest threshold will not affect this measurement,
l. Set the impulse noise counting rate using the TRANSTENT key. Select IMP NOISE SLOW for 8
counts per second or IMP NOISE FAST for 100 counts per second,
NOTE
__E The transmitter is idle in this measurement.
H

Setting Impulse Thresholds

2. Display the impulse noise measurement period using the DISPLAY key. The SET TRANSIENfS led
should be lit.

The display indicates H-MM, where H is in hours ard MM are in minutes, or Cont (for
continuous).

ﬁl 4,

Change the measurement period using the SET Key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

Display the impulse thresholds using the ROLL DISPLAY key.
The "low” threshold, in dBrn, is in the left hand display.

Change the "low” threshold using the SET key for the left hand display and the SELECT




Making Measurements

DIGIT/CHANGE VALUE keys.

The "middle” and "high” impulse thresholds are automatically set to 4dB and 8dB above the "low"

threshold.
left hand display, ., . . ..... .. ..., ... low threshold dBrn  implL
middledisplay . ., .. ..., ... ... . ...... middle threshold impM
righthapddisplay . . ... .... ... ......... high threshold impH

If a holding tone exists on the line;
To maintain measurement accuracy, the bnpulse “low” threshold should be no
more than 25dB below the holding tone level. If the above limit is exceeded
Err 4 may be displayed.
Measuring Impuise Noise
NOTE

A new measurement is started each time a parameter is changed or when
SHEEP/RESTART is pressed,

6. Display the impulse measurement eiapsed time using the DISPLAY and ROLL DISPLAY keys. The
RCV led should be lit,

The time, in Hrs, is displayed in the left hand display. The flashing dot in the right hand display
indicates that the measurement is in progress.

7. Display the impulse noise results using the ROLL DISPLAY key.

left handdisplay. . . ....... ... .. .. . . impL
middle display , . . ., o e e e e e e e e e e e e e e e e e impM
righthanddispiay . . . ... ... ..., .. ....,...... impH or Eng

When the measurement period is complete End is displayed and the receiver stops measuring.




Making Measurements

PHASEJITTER ...........iiiitiivestneressssss.s.. Principles

Incidental phase modulation has an insignificant effect on voice transmission but can sericusly nffect high
speed data transmission especinlly if the modem uses phase modulation to encode data. The power of the
unwanted modulation sidebands is difficult to measure directly so peak-to-peak phase jitter is measured
instead,  Unfortunately, phase jitter measurements are affected by noise in the channel so the
signal=to-noise ratio is usually checked at the same time.

Jitter frequencies are usually below 300Hz  Phase jitter is typically caused by the ripple of d¢ power supply
of the master oscillator of long haul carriers. Some phase jitter can also occur in short haul systems from
incomplete filtering of image sidebands, The most commonly found frequency components of phase jitter
are 20Hz (ringing current), 60Hz (commercial power) and the harmonics of these. The measurcment
bandwidths are chosen to cover the major sources of jitter while rejecting uncorrelated noise,

PHASE JITTER

REFERENCE
SIGNAL

h
L i -

|
How it is Measured
1. The transmitter sends 2 1004Hz holding tone at the normal data level.
2. The receiver performs the phase jitler measurement in five stages:
o Band-pass Filtering (400 to 1500Hz): This chops the measurement bandwidth to about
one-fourth to reduce the effect of noise and other interference on the jitter measurement.

o Amplitude Limiting: This produces a constant amplitude signal and thereby removes
amplitude jitter.

s Phase demodulation: This produces an error signal in response to phase changes.

e Band Pass Filtering: This selects frequencies between 20and J00Hz or between 4 and
J00Hz.

o Measurement: This measures and displays the peak-to-peak value of demodulated signal.

TREHSHITTER RECELVER

PHHSL PERA -TQ
BRKD BRSS RMPLITUDE
AR T f—— P e e b D{HOBUL' -
FILIER LIMITELR [ | I l lp”[ngu ‘ ,

PHASE ITTER MEASUREMENT
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PHASEJITTER ............v¢e.tvveeren... Instrument Operation
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IR Use the PHASE JITTER key to select the required filter.

20-~300Hz is the "standard” band,
4-300Hz is the "standard + low frequency” band.

Transmitter
2. Display the transmitted level and frequency using the DISPLAY key. The TRMT Jed should be lit.
Level, in dBm, is in the left hand display. The frequency in the middle display is fixed at 1004Hz.

kX Change the transmitted level using the SET key for the left hand display and the SELECT
DIGIT/CHANGE VALUE keys.

Receiver
4, Display the received level and phase jitter using the DISPLAY key. ‘The RCV led should be lit.
Level, in dBm, is in the left hand display. The phase jitter, in DEG, is ir: the middle display.
NOTE
The 4947 A has to settle before accurate readings are available:

Allow 4 seconds for the 20 to 300Hz filter
and 25 seconds for the 4 to 300Hz filter

5 If the received holding tone falls outside the acceptable level and frequency units, this will be
indicated in the left hand display,
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Printing/Plotting Resulls

3

PRINTING/PLOTTING RESULTS

INTRODUCTION

You can print results of any measurement or plot results of swept measurements on a HP2225A ‘ThinkJet
printer.

PRINTING RESULTS

I, Connect the printer to the 4947A 1IP-IB connector. Set the HP-IB switches for TALK ONLY on the
4947A and LISTEN ALHAYS on the printer, before powering up.

Switch on the 4947A and the printer, Prat and PLot are bricfly displayed on the 4947A and the
PRINT/PLOT MODE led wiil light.

3. Select the measurement you wanl.  All measurements are available for printing.  If you are
performing & SEQUENCE measurement, wait until the measurement is complete before printing (see
Making Measurements section).

NOTE
A nseful feature of SEQUENCE is that results are stored in NVM (non-volatile
memory). This allows you 1o move the 4947 A to another location (if you want)

before you read oy print out results. When you power -up af the new location:
¥ } ) !

I. Ensure the 49474 porty are not connected.

Lt ]

., Press SEQUENCE
2. Read or Print resulls,

Step I ensures that the 49474 cannot detect a new sequence before the stored
b .

results are read Pr printed. 1 new sequences were to be detected, the stored

results in NV M would be overwritren.

4, To initiate printing press the HP-IB/PRINT START/STOP key. The TALK led hghts and results
are automatically printed as they become available,
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Printing/Plotting Results

NOTIZ

There may be a delay hetween pressing the PRINT  START/STOP key and
getting a print.

5. To stop printing, press the START/STOP key agnin. ‘The TALK led goes of
NOUTE
The printer may continne printing jor some time after the PRINT START/STOP

key is pressed while the printer catches up with all the measurepents made Ly
the 49474,

PLOTTING RESULTS (Level/Frequency or EDD)
. Connect the Thinklei to the 4947A HP-IB connector, Set the HP-IB s... “~s for TALK ONLY on
the 4947A and LISTEN ALHAYS on the printer, before powering up,

2. Switch on the 4947A and the printer. Prnt and “Lot are briefly displayed on the 4947A and the
PRINT/PLOT MODE led is Iit,

3. Only LEVEL/FREQand ENVELOPE DELAY DISTortion measurements can be plotied.
NOTE

1f the 4947 A ks requested to plot and the current measurement has no plot capability, the
4947 A defaults to printing,

4. Wait until the 4947A has swept over the selected sweep range before plotting. Pressing the SHIFT
key followed by the HP-IB/PRINT START/STOP key starts the plot (TALK led is Jit). The Jed goes
off when the plot is completed. To stop the plot prematurely, press the START/STOP key at any
time (it may take a while to stop).

NOTE

The 4947 A stops measuring while the results ure being plotted,
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SAMPLE PRINTS/PLOTS

LEVEL / FREQUENCY

TX Level: 0.0 dBm

Date:

Lacatont

Circurt:

Operator:

Cammanta:

Level: 1O R + h o+ »

(dBm) : '
— A
0 - .'.-T-'-...'ﬂ" s Tb. ........ Y.

10 | e . N N
=20 b ; ’ .", -.. ;
-39 e e .. ..
-40 ’ . e .
-50 r T l f

Freguency: 0 1909 2000 3000 4000 Hz

0 uei et

Printing/Plotting Result

HPA4947A
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Printing/Plotting Results

LEVEL / FREQUENCY HPA4947R

AENEREEARNESEERARJEREERCSRETERACRBAAEEEOREERESCE RS RSSO RS Rt A ENERREGAREEREAASCUCAEEAE

TRANSHITTED SIGNAL RECEIVED SIGNAL
FREQUENCY  LEVEL FREGUENCY  LEVEL
404 Nz 8.0 dbn 404 Hz -5,9 dBbm
Ad4 Mz 0.0 dbn 444 Wz -3.2 dBm
484 Hz 8,0 dbn 484 H: 1.1 dfnm
524 Hr 0.0 dBnm 524 Hz Q.2 dBm
564 Hz 2.0 dBm 564 Hz 0.9 dBm
504 Hz 0.0 uBm Fe4 Hz 1.0 dbm
544 Hz 9.9 uBm B44 Hz 2.9 dbm
B4 Mz .0 dbm 684 Hz 8.7 dbm
P/AR HP 49470

LLL L L L L LY a2 P I a8 B 1 8 e 1l Ayl iy i d 1l R R PR vy ey i Y yey iy

TRANSHITTED SIGNAL RECEIVED SIGHAL

{EVEL LEVEL P7AR READING
13,0 dBm ~-18.4 dBm 72 units
~13,0 dbm -10.4 dBm 2 unitse
-13.0 dBm -i0.4 dBm 72 units
-13.0 dBm -i0.4 dBm 72 units
-13.0 dBnm -i2.4 dbm 72 units
-13.9 dBm ~10.3 dBm 72 units
-13,0 dEm -10.4 (Bm 2 unitn
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Printing/Plotting Resulis

4 TONE INTERMOD DISTORTION HPASATA

LRI A L L L L L LRl T R Ly Y e e I L Y Y Y Y S LTIy

TRANSHETTED SIGNAL

e e B e e -

-13.0 dbm
~13,0 dBm
-13.9 dBm
~13,0 dBnm
-13.0 dBm

SEQUENCE

RECETVED SEGHAL

-

LEVEL Ind Ird

12,1 dofim 67 db 71 JE n.corr

12,1 «Bm 66 dE T dB n.core

12,1 dPm B9 dB 71 uB n.carr

=12t dbm 7L dB 74 dB n.corr

-12.1 dbm 71 db Tt dB n.corr
HPa9a'7A

TRANSHITTED SIGHAL

TRAMSHLIT LEVEL (5 9.0 cEnm
P/AR

1904 H:
Moise with Tane
Signal to fiorse

Atlen urt LEOLHZ
404 Hz
2804 H:

Quiet Terminaticon
3 kHz noise
C message nolae

4 Tone Intermod Distortion
Recetved level
2nd order {corr)
Ird order (corr}

1204 H:z
Phase jitter 20 - 389 H:z

4 - 30Q H:z
Gain hits 3 dB
Phase hitn 20 deg
Oropouts ~12 dB
Imp noise 67 dBrn
Iop nowse 71 dBrn
Imp notse 75 dfen

RECEIVED SIGNAL

13Q units 0.2 dBm

1904 H: ~3.3 dBm
J0 dBenC
60 dff
4@4 H: G-B dﬂ
26894 H: 2.9 d8

¥
—
—

dérn
dBrnC

]
~—
o

1
=
[ ]

dBm
de
dB

e g
3 =3
P

Hz -9.3 d8n
deg p-p
deg p-p

—

8 a0
=
-
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Printing/Plotting Results

MESSAGE CIRCUIT NOISE - C meows HF? 4.9 477 A

L L A a2 2 T LR AT R R Y R R L A Y e I Y R P P R L RN Y Yy,

RECETVED STGHAL

v dErnt
5 uBrngc
5 d¢BrnC

NOISE to GND - {I maosaaqge HFPAS34778)

EREEERN AN ISR SR SN ACE N R R SRS, dEAS R AT E RS SR

RECETVED SIGNAL

18 dBrnC
20 dBrnf
i Brni
Y di=nC
20 dBrnC
19 dBrnC
18 dBrnk
19 dBrnC
2% dHrnC

NOISE with TONE ~ C message HP AR 477

L L E L L L L L T R E Y P R R R L Ly Y Y I LT r v T T r eI

TRANSHITTED SIGNAL RECEIVED SIGHAL

FREQUENCY LEVEL FREQUENCY LEVEL NOISE LEVEL
1304 H: ~13.0 dbm 1004 H=z ~13,Q dfm 1B dBrnC
1934 H: ~13.0 dbnm 1904 H: -13.9 rdn 18 dBrnC
1024 H: -13.¢ dRm 1004 Hz ~13.0 18m 18 dbrnC
1004 Hz -13.% dBm 1204 He -13.9 dbm 6 .BrnC

STGNAL to NOISE RATIO - C maac HP45947A

B O M R A e L A P S A R RS N R RS i M A AT O M A DR B R W VA P P b I B A A O R D W W

TRANSMITTED SIGNAL RECEIVED SIGNAL

FREQUENCY LEVEL FREQUENCY LEVEL SIG TO NOISE
1004 Hz -13.0 dBm 1004 H= -13.0 dBn

10924 H:z -13.0 dBm 1204 Hz ~13.0 dBm

1004 H: ~13.0 dfm 1C04 H:z -13.0 dEm

1304 Hz ~13.@ JBm 1004 H:z -13.Q dBm

30




Printing/Plotting Results

ECHO RETURN LOSS HP4347A~

o O R LD R AR Y A D R A AT R M W AP O R A A AN W M A O b M AT BB

TRANSNITTED SIGNAL RECEIVED SIGNAL

U e b e L e

LEVEL RETURN L0OSS TRANSHYERID LOSS

@.Q dEm
dBn
dBm
dénm
dBm
dEm
dBm
dEm
tiBm
dBm
dEm

.........
cCooooeCc DG D
- Td T3 r3
o oCERoO %G5S
a
5]

DSOS B S
LN M M M M i W i i
i3 10 €D D W 1D W B WO Do
o
m T
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PRI TITITI RIS I

ENVELOPE DELAY DISTORTION HFP 49 477

RSN AT ARNREN RS ARSI AT FAS SN EAREN RN IR SN DR PR KSR e

TRANSHEITTED SIGHAL RECEIVED SIGNAL

L L R T

MEAS FREQ REL LEVEL REL DELAY

e - B L L L )

e vw o e

Delay and Level rero key pressed

404 H: 0.0 dBm 1804 Hz 3.4 dbm AQ4 H: 9.0 dB B.60 mn
444 Hz 0.0 dBm 1604 H:= 1,4 dBm 444 Hz 6.5 dB .99 mn
484 H: 0.0 dbm 1804 Hr 3.4 dBm 484 H: 4.5 dB 0.90 ms
wdd He 2.0 dBm 1804 H: 3.4 dBm 524 Mz 2.2 d8 0.84 mn
564 Hz 0.0 dBm 1808 hz 5.4 dim 564 H: .6 dB W73 mb
604 H: 0.0 dfim 1804 H:z 3.4 dim 6®4 Hz 2.5 dB 0.58 mn
644 H2 0.0 dbm LAGA K=z 3.4 dBm bad Hz c.5 B Q.32 ms
GR4 H: 2.0 dBm 1BO4 Hz 3.4 dBm 684 Haz 2.1 ub 0.28 my
724 Hz 0.9 dbm 1802 Hz 3.4 dbn T3 H: 2,4 dB D.it, me
764 H: 0.0 dim 188+ H: 3.4 dBm 764 M: 3.1 dB 0.0 me
808 H: 0.9 dim 1604 Hz 3.4 'Bnm 804 H: 3.2 dB B.01 ms
B44 He 2.0 dfm 18048 He 3,4 dbBm 844 Hz 3.4 do -0.04 mo
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N
=
m
[=
[
m
=
o
-
—
m
o
m
2
m
n
a
e
m
(=]
s
m
m
~
<
™m
~

IR i s et e b i il b liiod it - RS TP T LU ¢ S e e A B B Bt ey SRR A SRR R - BT WA P e - B N R | ik ek S AL



Printing/Plotting Results

ENVELOPE DELAY DISTORTION HP4947A

RERNEEERENE AN PR E A SEEARSR A S SR EEC R RN AN S AR AN RN

T Level: 0.0 dBm
Ref Fren: 1804 Hz

Date:
Location:
Circuit:
. Operator:
Comments:
Dalayr 3000} + ' . .
tug) :
e » N '
2000 + 4 +- !
* * * . ‘
1000 : * + + '
. + + .-.'- * o ‘.
Q -_. [ 3 ..—...,'_; : _'- ;"‘-. '
. _ - ""--._.--
O 3 L d * L]
~1eao ! ; Y T }
Frequency: @ 1000 2000 Jage 4000 5000 H:
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Printing/Plotting Results

TIRANSTENTS HPA947A
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FREQUENCY LEVEL LEVEL PHASE JETTER
1004 H: @ dBnm 0.0 dBm 15,3 dep p-p
1004 H:z 0 dBm 2.9 drm 8.8 deg p-p
1024 H: »@ dBm 0.0 dBm 8.1 deqg p-p
1304 Hz »@ dBm 8,0 dBm 3.0 deg p-p
1004 H: .0 dBm 0,0 dBm 9.9 deg p-p
1004 H:z 0 dfim 0.0 dBm 0.0 deg p-p
»@ dBm 0.0 dBm 0.0 deq p-p
,@ dbm 0.0 dbm 2.0 deg v-p
»@ dBnm 2.0 d6m 0.9 deg p-p
1904 H: »@ dBm ~38.2 dBm unsetlled
1304 H:z ,Q dBm 1.4 dim unsettled
1004 H:z .0 dém B.0 dBm 16,4 deg p-p
1004 oz +2 dBm 0.0 dBm 0.9 deg p-p
1004 H: +Q dbm 2.0 dbm 0.1 deg p-p
1004 H:z 0 dBm 0.0 dBm 0.0 deg p-p
19004 Hz O dbm 2.0 dBm 0.0 deg p-p
1904 H:z @ dBm 0.0 dBm 0.9 deg p-p
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Remote Control

REMOTE CONTRO.

4

INTRODUCTION

This chapler aims to get you running
the 4947A remotely via the HP-1B
(BEEWLETT-PACKARD
INTERFACE BUS).

Use the "numbered tabs” on this page
to look up the information you are
interested in,
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What is the HP-IB?

Connecting the HP~IB

Programming the 4947A

Inftializing the 4947A

Matching the 4947A to the Test Circuit
Controliing the Display and Audio Monitor
Calibrating the 4947A

Dialing Remotely

Runhing Measurements

Input/Output Data Formats

Reading the 4947A Current Settings
Status Reporting

Demonstration Programs

Commands in Alphabetical Order

4

Gzneral HP-IB Information
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13
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Remote Control

WHAT IS THE HP~IB

The Hewlett-Packard Interface Bus provides compatibility between a controller and external devices, such
as the 4947A, which conform tc the IEEE 488-1978 standard. Electrical, mechanical and timing
zompatibility are all satisfied by this interface (see Page $-37).

The HP-IB interface is casy to use and allows great flexibility in communicating data an’ controlling
information between the controller and the 4947A. It is one of the easiest methods of nstructing
antomatic test systems.
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Remote Conltrol

'

CONNECTING THE 4947A TO THE HP-IB |
You should consider the following when connecting the 4947A to the bus
« Operating distances
o Communicating with other devices on the bus
Operating Distances

The total length of [P-IB cable used 1o interconnect devices on the HP-18 must not exceed 2 metres (6 feet)
times the number of devices in the system.

The total length of HP-IB cable used to interconnect all devices must not exceed 20 melres {65 feet),
Refer to INSTALLATION section for more details on HP-IB cables,
Operating distances can be extended using bus extenders.
Up to 1000m : two HP 37203A or two HP 37201A or two HP 37204A
Beyond 1000m: two HP 37201A
Communicating with the Bus Controller
Usully, each device on the bus must have a unique address, so that the controller can aceess each one. On
the 4947A, this address is sel on switches on the rear panel. ‘The procedure for setting the 4947A primary
address is given in the INSTALLATION section (see HI-IB section).
NOTE
The 49474 1 oy no secondury addresyes,

A program renning in a controller usually idenlifics each bus device by u device select code,
The device select code is made up of two parts:

* The first part is the Interface select code. ‘This indicates which 1/0 port the required device

is connected to.

* The second part is the address which identifies which device on that port is to be seiected,
EXAMPLE
In the Demonstration Programs 110 4 (see Pages 4-17 to 4~21), the 4947A device select code is 102,

interface select code = 7 (in the example, this selects an HP-1B port).

primary address = 02
device select cade » T2
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Remote Control

PROGRAMMING THE 4947A

Programming commands are received from the HP-IB when the instrument is in the addressable mode,

Command Format
The programming commands have three parts:
+ an alpha header mnemonic
o 2 Jist of command parameters (if required)

e a command lerminator
Spaces within the command string are ignored provided they do not occur within a mnemonic or number.
Command Parameters
Parameter lists consist of decimal numbers separated by comas ().
Combining Commands
It is possible to combine several commands into one string by using a semicolon () 05 a command seperator,

The whole string is executed only when the final terminator is received (see Command Validity). In most
controllers this is written as OUTPUT 702; "command 1; command?2; etc”,

Command Terminators
A command string is terminated by one of three things:
o ASCII newline (identical to the linefeed character <If>),
» ASCII carringe return + 1 linefeed <cr If>.
s An interface EOI with the last byte of the command.
In most controtlers a BASIC statement of the form QUTPUT 702;"~~=" includes & linefeed /CRLE,
The 4947A does not execute n comnuand line until one of these terminators is received,
Command Validity
A command will be rejected if:
it zontains a syntax error
it cannot be identificd
it is too long
it has too few or too many parameters

a numeric parameter is out of range
it is out of context

All subsequent commands in the same string will be ignosed,

-5
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Remote Control

INITIALIZING THE 4947A

Regardless of the current set up, the following commands initialize the 4947A. They set the 4947A 10 ity
idle state and clear all HP-IB input and output buffers.

DCL : device clear

SDC:  selective device clear
MLEG: idle measurement state

MATCHING THE 4947A TO THE TEST CIRCUIT

o Normally, the 494 7A transmilter is connected wo the left hand front panel jack and the receiver to
the right hand one. This configuration may be reversed, This, together with the transmitler
impedance and loop holding conditions, are controlled by the AT (annlog transmitier} command.

o Control the rece cer impedance, termination and loop holding vonditions using the AR Canalog
receiver) commina.

Compmand Formats

Deseription Command Format Example
Set apalog transmitter AT <imped> <loop hold> <conn> AT 600,10
Set apalog receiver AR <imped> <term> <loop hold> AR 600,00

These commands are used 10 select the port configurations.

<imped> : Seect ejther 600, 900 or 1200 ohm,

<lerm> » O selects terminated input, 1 selects bridged inpul.
<loop hold> : 0 turns of | loop hold circuit, 1 turns it on,
<conn> : Choice of port connections;

05 TRMT is left hand port, RCV on the right.
I HAWDSET connected to left hamd port, RCY on the right.
2 TRMT is right hand port, RCV on the Jeft.
32 HANDSET conpected to right hand port, RCV on the Jeft,
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CONTROLLING THE DISPLAY AND AUDIO MONITOR

e Select the display and monitor mode (TRHT/RCV) using the DP (oisplay mode) command,

e Sect the Joudspeaker volume using the SV (sel volume) omumand.

Command Formats

Description Command Format Example :1
Select display mode DP <display> DP |
Set speaker volume SV <vol> 5V 5

<display> : 0 selects TRMT, | selects RCV.

<vol> : 0 to 7, where 05 off, | is quiel and 7 is very loud,

CALIBRATING THE 4947 A REMOTELY

The 4947A automatically runs a calibration cycle at switch-on, However, it is good praclice to re-calibrate
under the following conditions:

o After the 4947A has waraned up (after switch-on),

o Whenever maximum accuracy is required (especially during warm up).

* When enviremental conditions change (temperature, pressure, etc),

¢ When the 4947A is located in the same place all t™e time, calibrate at Jeast once per day or once

per shift,
To calibrate the 4947A remotely use the TET (self ~test) command. Other tests miy also be run remotely
(for more details see Page 4-35),
NOoTE

The 49470 TRMT and RCV ports ave high impodance durmg calibration.

4-1
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DIALING REMOTELY

Using the 4947A with a controller, you can dial over systems which use either single frequency (SF) or dual

tone multifrequency dinling (DTME).

In multifrequency dinding, the 4947A has 16 frequency pairs stored in NVM {(non-volatile memory), These
are set on shipment From the Factory to match the North American IYEM} standard, but may be altered by
the HD command. On shipment the 16 stored pairs represent the IYTME digits 1 1o B0, %4 A8 Cand D),

In single-frequency dialing, level amd pulse timing are ulso held in NVM within the $947A.
parameters can be changed ysing the SF command,

Listed below are the commands used to set up the dialing.

These

Deseription

Coramand

Page Reference

Set up dual tone multi-trequency
dialing (IDTMFE) parameters

Set up single frequency dinling
(S5F) parameters

Select Dinling M 22
Select type of dialing and dial number MP # <type> <digit1> to
’ <digil 30>

MI) <parameter list>

S <parameter ist>

4-26

# <type>= | or 2 I for DTMI dialing

2 for SE dialing

In multifrequency dialing, <digit1> ete,, are numbers in the range 1 1o 16 and call ont a particular pair of
frequencies from the multifrequency parameter store in the 4947A (see MO command on Page 4-206). In SF
dialing, <digit]> etc., are numbers in the range | to 10 and represent the digits 0 to .

-8
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Remote Control

Example: DTMF dialing (2-Wire Circuit - see Page 2-6),

Procedure Command

I, Set the dialing parameters if they are different from MD <parameter list>
the values stored in the $947A,

2. Connect the RCV port to the test circwit, AT 600, 1,0
Ensur . the receiver and transmitier Joop AR 600, 0,1
holding nre on (off hook condition).

3. Listen for dialing tone or (detect dial tone by SV4 or (MEI and OR)
measuring tone using LEVEL/FREQ measurement).

4, Reverse port connections to dial, select AT 600, 0,2
DTME DIAL mode and dinl number, ME22

MP1, <digitl>,.. <digit 30 mux. >

5. Re~connect RCV port to test circuit nnd listen AT 600, 0, |
for the Far End going off -hook,

6. Make the measurement you want, ME <mens#/>; MP <parameter list>
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Remote Control

RUNNING MEASUREMENTS REMOTELY

“Running measurements” splits into two distinct sections: measarement selup and outputting results.

Measurement Setup

The HE command selects n measurement. The <meas#> parameler should be a number between 2 and 22.

A value of 0 puts the 4947A into the idie state (useful in systems appheations). A value of 22 (not shown
below) corresponds to dialing mode (see Page 4-8).

The MP command sets the measurement parameters for the currently selected measurement (see specificalion
on Page 5-3 for parnmeter limits).

Measurement Setup = Command Formats

Measurement ; ME <meai#>

Measurement Parameter ;
MP <ormnt variable>

Description <meas#> <format variable> Example
Idle 0 no parametors MEO
LEVEL AND FREQUENCY *+ A 1 <ix freg>«ix Jevel> MELMPI004,-10
NOISE WITH TONE b <tx level> MELMP=-10
SIGNAL TO NOISE RATIO ] “tx level> MELMP-10
P/AR 4 «x Jevel> ME4,MP~-10D
INTERMOD A [ <tx level» MES;MP-10
SEQUENCE A 5 «tx level> ME#;MP-10
MESSAGE CIRCUIT NOISE - C miessage 7 no parameters ME?
MESSAGE CIRCULT NOJISE - Ikiz 4 no paramelers MES
NOISE TO GROUND » C message 9 no pariiiclers MY
NOISE TO GROUND = JkH- 10 no parameters MEIO
ECHO RETURN Loss A 1 <tx level> MELLMP-10
SINGING RETURN LOSS - LOW A 12 «tx level> MEI2MP-10
SINGING RETURN LOSS - HIGH A 13 <tx level> MEILME-10
ENVELOPE DELAY DISTORTION s+ A i4 <ix [req>,<ix level> MY 14AMP100S,~-10
EDD - pepeat mode A 13 <Ix freq>,stx level> METSMPLODY -0
TRANSIENTS = B counts/sec 11 <tx level> <duration>, ME1n;
TRANSIENTS ~ 100 counts/xec 1? <*gain hit thresh code>, MP-10,5.1,570

<A hit thresh> <imp Lo thresh>

IMPULSE NOISE ~ 8 counte/sec 111 # <durations,<imp Lo thrshs ME 19MPS
IMPULSE NOISE - 100 counts/sic 1y ' '
PHASE HTTER = 2010 YOO Filter 20 <ty Jevel» ME2OMP~10
PHASE JITTER = 410 300HE fil,vr 21 «tx Jevel> MEXEMP-10

rx v

$=10

These measurements may need extra setup commands, sce Page 4=12,
Gain hitthreshold code: O 288, | = 3dB, 2 = 448, J = 648,

duration »599 minules ks continious.

All ineasurements are Single Point except M."3 which can be a siugle point or swepl, and MELS which can be vingle point or swapt

plus o reference point taken at sb:rk of measurement.
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Remote Control

Outputting Results

When 2 result becomes availuble, primary status bit 0 (result ready) is set. {This L;t is subsequently
cleared by the ME, MP or OR commands). You can .nonitor the result ready bil using the 0S (output status)
command or by using an SRQ/serial poll routine (see Page 4-15).

A result is put out in response to the OR command. The result response is measurement dependent (see table
below). Transients and impulse noise results can be read at any time.

You may want to request a header before resulls are available. The 4947A outpuls a header in response to
the OH command, it contrins the measurement number <meas#> and the parameter values. The header
format returned is measurement dependent (see 1able below).

Outputting Results - Command Formats

Measurement ; ME <meas¥> Output header ; O)) Quiputl Result ; OR
Description <mensH> Response Format Response Fermat
Idle 0
LEVEL AND FREQUENCY 1} 1 «tx freqr<tx level> «rx fregrerx Jevel>
NOISE WITH TONE 2 2 <1x level> *rX noiser<rx frog?
SIGNAL TO )20ISE RATIO } 3 <ix level> rx 8/nr<ry freq><rx level»
4 4 <Ix Jevel «rx level><pfar value»
5 5 «tx level» <rx Jevel><2nd irterinod>
<Jrd intermod>
SEQUENCE [ o <ix Jevel> Ratuene 23 e, see #
MESSAGE CIRCUIT NOISE - C message 7 7 “rx nofye>
MESSAGE CIRCUIT NOISE = 3kH:z 3 5 <rx noise>
NOISE TO GROUND - C message H $ <rx nofwve>
NOISE TO GROUND = 3kilx 11} 10 <rx noise»
ECHO RETURN LOSS 1 1) <ix Jevel> <rebiirn loss> n
SINGING RETURN LOSS - LOW 12 12 <tx level> <retirn losk>
SINGING RETURN LOSS - H: h 13 13 <ix leve)> <peturn loss>
ENVELOPE DELAY DISTORTION 14 14 <tx freg><ix level> <eef froq>arel Juovel>
<rx freqyepx level>
“delay>
\ ERD = repet made 15 15 <rx frigrerx Jevel>
TRANSIENTS - § counts/sec 16 §6 or 17 <duration> <level><freq><duratfan»
TRANSIENTS - 100 counls/eec 17 “gain hit threeh> <Ghits>=PH hits><Douts>
< hit thresh» <imp Lo><hmp Mid><imp Hi>
<imp thresh>
IMPULSE NOISE ~ § counts/nec V] 18 or 19 <Juration> ' «duration><imp Lo»
IMPULSE NOISE ~ 100 counts/sce 19 <imp thresh> <jmp Mid><imp 1>
\ FMASE JITYER = 2010 300Hz filter 20 200r 21 <tx Jevel> <rx Jeveb<jitter
e PHASE JITTER = 4 to 300MHL filter 21

F 4 <P/ARY<P/AR level>< 004 Freg>< 1004 fevel»<C=patch nobre><$/N><404 freq> <404 pol lova)>< 2504 freg»
<2804 rel level><C~mexs nojse><3kiiz nojse><4T level><2nd corr><3rd corr> <3004 freq><3 004 Jevel> <Ghit><PH hijt>
«dou><imp Lo><imp Mid><imp H|>

P/AR
INTERMOD
i
I =11
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Remote Control

Other Measurement Related Commands

Listed below are the additional commands needed when making measurements remotely.

Other Measurement Command Formats

Muasurement Description Commitnd Format Reference
LAVEL/FREQ X EDD set Frequency sweep lintits 5P <from>»,<to> <step> $-12
start/uep froquer 2y sweep 5W «param> 4-14
web sweep rale RA <sweep rater <sequence specd> 4-30
Nel Zero ZE «iype> 4=3n
compensating for nvtwork ND «<time> 1-2%
delay (loopback testing)
set reference level TH <level> 4-38
single Frequency ship SK «flag> 4-32
SEQUENCE start sequence (FRMT ondy) SW <enable» 434
sEqUENCE Kpced RA =sweep rate> ssequence specd> 4-30
RETURN LOSS/ELEPL sct transhybrid toss TH <level> 4-38
kel rero ZE stype> A-3h
INTERMOD nojse check ZE <type> i-1s

Example; A swept DD measurement using the Return Reference Mode on Pane 2-44,

z Prucedure Commands
Far End 4947A Transmilter
1 Select EDD REPEAT made and et the Jevel 1o =1 248m and freouency to 100442 MEDS, MP1O04, -1}
Near End 4947A Trapsmiiter
2. 5¢t the measuremapt rate 10 5LOW for accoracy. RAL O
} Sclect EDD MEAS and seb the tranwmbtter Jovel to =1 5dHm and frquency to 100411, MELS, MPI004,~2}

3. Relerence the resnlt.
6. Slart swecp,

7. Outputl resulte,

4. Set wweep limite crom 304 2 to 3004H2 in 40182 steps,

5P 304, 3004, 20

ZE L

sw

19):4
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Remote Control

INFIJT AND OUTPUT DATA FORMATS

The 4947A is programmable directly in ASCH and accepts parameter values in free format, seperated by
commas, in units shown below, Similarly, the normal 4947A output is in ASCII (there is an optional
GRAPHICS formal for resulls, see Page 3-2). Data value, units and format are shown below. In the
following, "" stands for ASCII character, although leading zeras may be replaced by spaces.

Parameter b Input and Qutput Units Output Format
FREQUENCY Hz DDDD
LEVEL dB, dBm. dBrn DDDD. DD
PHASE This is in degrees p-p. For input, phase hit

thresholds must be in steps of § degrees. DD.D
ENVELOPE
DELAY seconds D.DDDDDD
TIME seconds (signaling parameter and network delay) DD.DBDD
DURATION minutes (transients/impulse noise) DDD
COUNT DDDD

i
'

4-13
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READING THE 4947A CURRENT SETTINGS

Enquiries about the current set up or measurements may be made by using the enquiry ? commands (see
table on Page 4-22 for complete list of commands),

EXAMPLE

The 4947A receiver is set as follows: 600 ohm, terminated with no loop holding. The command to set up
these conditions is AR 600,0,0".

The command to enquire about the receiver is AR?. ‘The response to "AR?" is AR 600,0,0.

The output commands listed below also return information aboat the 4947A,

Information Required Command Reference
error code OF 4-25
. result header OH 4-29
- instrument identifier Ol 4-124
current results OR 4-29
instrument status 0s 4-30

4-14
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STATUS REPORTING

The status reporting capability of the 4947A comes in the forr of the primary status byte (see Page
4=-16). This byte can be interrogated for the information you are interested in.  For example, you can run a
measurement on the 4947A and at the same time be monitoring for errors ind the LLOCAL key being
pressed.
There are three ways to request the primary status byte:

* Repeated polling of the 08 (output status) command (see Page 4-30),

» Repeated serial poll (SPOLL)

* Using a service request (SRQ) interrupt which uses the controller dependent SPOLL (serial poll)
command (sec Page 4-138),

Sce Demonstration Programs 3 and 4 for more details, pages 4~19 and 4-20.

Service Request (SRQ)/Interrupt Routine
The procedure you should follow to get your SRQ/Interrupt Routine working is given below:

¢ Select the condition(s) you want the 4947A to request service on, by using the SRQ <mask>
command.

» Enable the 4947A request service using the RQS <enable> command.
* Specify the action you want the controller to take when the 4947A issues an SRQ by using the
controlier dependent ON INTR (on interrupt) and ENABLE INTR BASIC statements in your

program.

¢ Acquire the primary status byte by using the controller dependent SPOLL (serial poll} BASIC
statements.

*|




Pemote Control

Primary Status Byte

This is the layout of the primary status byte returned by the 4947A in response to # serjal poll
request. It iy also returned in response to an 0S command,
bit #7 6 5 4 3 2 i bit #0
sh Is
| INIT | SRQ | ERROR | READY | LOCAL | | EOM | RESULT
bit # Mnemonic Meaning when bit §s set

7 INIT The 4947A has just powered up. This bit is cleared by a device clear
message or any command that changes the configuration of the
instrument,

6 SRQ The 4947A is requesting service (SRQ is asserted). This bit is cleared
hy a serial poll or when all conditions which are causing the SRQ are
cleared.

5 ERROR An error has occurred.  This bit is cleared when the error code list is

read via either the OF or the ERR? commands. A serial poll does not
clear this bit,

4 READY The 4947A has completed the execution of the most recent command
line. This bit is cleared again when the 4947A receives the first
character of the next command line. READY is also set by the HP-IB
device clear message (DCL).

3 LOCAL This bit will be set when the LOCAL key on the front panel of the
4947A is pressed. The bit is cleared by the 0S command,

l EOM This bit is set at the END OF MEASUREMENT time or when dialed
number is complete.

0 RESULT The result of & measurement point is available. This is cleared by
using the OR command to read the result or by any command which
changes the configuration of the instrument (sce Page 4-11).

4
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should be aware of the following 1tems:

Command syntax (Page 4-35)

L

Program 1

There is no result requested via HP-]R.

! PROGRAMI]
20 !
l

40 !

50 CLEAR 702

60 REMOTE 702

70 OUTPUT 702;"AT 600,0,0"
80 QUTPUT 702:"AR 600,0,0"
90 OUTPUT 702;"sV2"

100 OUTPUT 702;"DP1"

120 END

Input/Output data formats (Page 4-

110 QUTPUT 702;"ME1;MP1004 ,~-13"

[

Remote Control

DEMONSTRATION PROGRAMS

Before looking at the four demonstration programs written for a HP200 Series controller (in BASIC), you

Measurenent parameter formats (Page 4~10)

13)

Controller dependent statements (OUTPUT, ENTER, INTERRUPT, SPOLL, etc.)

Before running Programs | 1o 4, set the 4947A address to 2 then power up.

Sets the 4347A TRMT and RCV ports to 6008 with loop holding off and with the RCV port terminated. The
audio monitor is enabled and the DISPLAY mode is set to receive (RCV). The program then sends a tone.

DESCRIPTION

Clears the 4947A to a known condition.
Sets the 4947A to remote.

Set the transmitter parameters,

Sets the receiver parameters.

Sets the audio monitor level,

Sets the display mode to RCV.

Runs a LEVEL/FREQ measurement,

13
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Remote Control

Program 2
Calibrates the 4947A (for optimum accuracy) prior to sending a tone. No result requested via HP-]B.
NOTE
While the 4947 4 fs self calibrating the TRMT and RCV ports are high impedance
The following points are important:

* You must allow the 4947A to complete self calibration before running your measurement (takes
approximately 20 seconds) or look for the EOM bit,

e The end-of-mzasurement (EOM) bit of the primary status byte is set true when the
self ~calibration is comnplete. The following program interrogates the EOM bit and when it is set
the measurement command is issued.

o Sce Program 3 for details on HAIT statements.

10 ! PROGRAM2 DESCRIPTION
20 !
30 !
40 !

Clears the 4947A to a known condition,
Sets the 4947A to remote,
Sets the transmitter port.
Sets the receiver port,
Sets the audio monitor level.
Sets the display mode to RCV.
Cal ibrates the 4947A.
Approx time to calibrate 4947A.,
Acquire the primary status byte,
Store primary status byte.
Check the EOM bit every !
second to see if calibration is
complete,

50 CLEAR 702

60 REMOTE 102

70 QUTPUT 7U2;"AT &0G,0,0"
80 ouTpUT 702;"AR 600,0,0"
90 QUTPUT 702;"sSv2"

100 ouTPUT 702;"DP1"

110 OUTPUT 702:"TEL"

120 WAIT 1b

130 ouTPUT 702;:"0Qs5"

131 ENTER 702;S

140 IF NOT BIT(S,1) THEN
150 WAIT 1

160 GOTO 130

170 END IF

180 QUTPUT 702;"ME1;MP1004,-13"
19¢ END

Runs a LEVEL/FPREQ measurement.
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Program 3
Runs a LEVEL/FREQ measurement at a frequency of 1004Hz and level of - 10dBm

The following program repeatedly uses the 0S command to interrogate the result ready bt (bit D) of the
primarv status byte which is set when results become availuble. Repeated polling of 0S ties up the
processor, leaving very little time for the 4947A to make the measurement  This problem is overcome by
introducing 2 HAIT statement in line 110 which sets a fixed time between polling. During this period the
49%7A makes measurements and sets the result ready bit.

To illustrate the above points, you may rin the following program with and then without line 110,
An alternative method to the above, is to repeated serial poll (SPOL.L) the 4947A by replacing line 90 with

P = SPOLL (702) and deleting line 100 in Program 3.

Another methaod is to get the 4947A to interrupt the program when results become available, and this is
illustrated in Program 4.

10 ! PROGRAM3 DESCRIPTION

20 !

30 }

40 !

50 QUTPUT 702;"MEL;MP1004,-10") Selects LEVEL/FREQ ond parameters.,

60 QUTPUT 702;"0OH" ! Requests header to precede results.

70 ENTER 702;A% | Stores respconse to OH in AS,

80 DISP Ab ! Displays header on CRT.

90 P=SPOLL (702) ! Requerts the 49477 status,

100 IF NOT BIT(P, Q) THEN ! If result ready bit is set then acquire
110 WAIT .1 ! tesult otherwise wait 100ms then re-check
120 GOTO 90 ! g8,

130 END IF

140 QUTPUT 702;"0OR" I Requests results from the 4947A

150 ENTER 702;:F,L ! Stores results in F and L,

160 DISP F;"Hz",L;"dBm" ! Displays results,

170 END

The above program produces the following print:

1004 Hz -10.5 dbm

$=19
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Program 4

Runs a LEVEL/FREQ swept measurenient from 404tz to 1 504Hz in $0Hz steps and at a level of -1 0dlm.
This program also monitors the LOCAL key and indicates when errors have occurred.

Program 4 illustrates a more realistic operating situation, wiiere, in addition to running a measurement you
monitor other conditions you want to know abowt, This is achieved hy using a service request
(SRQ)/interrupt routine to monitor:

¢ When errors occur
* When the LOCAL key is pressed
¢ When measurement results become available
The SRQ/interrupt routine of Program 4 works as follows:

o First, you have to set the 4947A' service request (SRQ! mask for the above conditions. Then you
enable the 4947A’s to request service (RQS command).

¢ Next you program the controller to find the device requesting service by using the on interrupt (ON
INTR), interrupt enable (ENABLE INTR) and scrial poll (SPOL).) statements. These commands are
all controller dependent.

» Finally, you find the cause of the interrupt(s) by interrogating the primary status byte of the
interrupting device (in this instance the 4947A).




10 ! PROGRAM4
20 !
30 !
40 !
50 !

60 CLEAR 702

70 REMOTE 702

uo OuTPUT 7¢2;"SRQ41;RQ51"

90 ENABLE INTR 7;2

100 ON INTR 7 GOSUB Service

110 OUTPUT 702;"MELl; MP1004,~10"
120 OUTPUT 702;"SP404,1504,40"
130 CUTPUT 702;"SwW1"

140 ENABLE INTR 7;2

The above programing produces the following:

1004 Bz -10.63
1044 Hz -10.63
1084 Hz -10.63
1124 Hz -]0,63
1164 ' Hz -10.43
1204 Hz =10.63
1244 Hz -10.63
1264 Hz -10,63
1324 Hz ~-10.621
1364 Hz -10.63
1404 Hz -10.62
1444 Hz -10.63
1484 Hz ~10.63
404 Hz -10.63
444 Hz -10,63
484 Hz -10.63
524 Hz -10.63
564 Hz ~-10.64
604 Hz -10.63
LOCAL key pressed

l
!
!
!
l
I
}
t
!
!
!
!
!
!
!
!
!
!
l
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DESCRIPTION

Sets the 4917A to a known condition,
Sets the 4947A to remote.

Sets & enables the service request mask,
Allows interface 7 to interrupt on SRQ.
Calls SRQ handler on interrupt.

Selects LEVEL/FREQ and paramet2rs
Selects sweep limits and steg.

Enables sweep.

Re-enables interrupt.

150 . GOTO 140 Idle loop.

1690 STOP

170 Service request interpupt handler routine
180 Service:r S=SPOLL(702) Acquire primary status byte.
190 IF BIT(5,5) THEN Checks for errors.

200 OUTPUT 702;"OE" Qutputs error code,

210 ENTER 702;E Stores error code,

220 PRINT "ERRQR=",E Print: error message,

230 GOTO 1350 Exit program on ernor.

240 END IF

250 IF BIT(5,3) THEN 1 Checks LOCAL key.

260 PRINT "LOCAL key pressed”

270 GOTO 350 ! Exit program when LOCAL is pressed.
290 END IF l

290 IF BIT({S5,0) THEN I Checks for results.

300 OUTPUT 702;"OR" I Qutputs results,

310 ENTER 702;F,L 1 Stores results,

320 PRINT Fy"Hz",L;"dBm" | Prints results,

130 END IF 1

340 RETURHN ! Returps to main program.

356 END !

dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
dBm
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COMMANDS IN ALPHABETICAL ORDER

All the programming commands are in the following table. Pages 4-24 to 4-36 contain a detailed
description of each command.

Command Description Mnemonle Page
Reference

Set receiver port condjtions AR 4~14
AR?

Sel transmitier port conditjons AT 4-14
AT?

Set display and monitor mode (TRMT/RCV) Dp 4-25
DP?

Quipul errors ERR? 4-23

Qutpul Instrument identiffers 1D? 4~24

Set multifrequency dialing paramelers MD 4=26
MD?

Select meanurement ME 4-28
ME?

Set measurement parameters MP d-18
MP?

Sel network delay time ND 4~18
ND?

QOutput error code OB 4-19

Output beader OH 4~19

Qutput instrument identifier 0l 4-29

Output result OR 4-29

Qutput instrument status 0s A=30

Sel aweep/averaging rate/sequence speed RA A=-30
RA?

Enable/Divable SRQ response RQS -3

Set SF dialing parameters SF 4-31
SFY ,

Select ST akip Sk 4-32
SK?

Change power~on values of measurement M 4-32

parameters {store mask)

Set frequency sweep paramelers sp 4~32
sP?

Set SRQ response mask SRQ 4-33

Set monitor volume sy 1-34
5V?




Command Description Mnemonic Page
Reference

starl/stop frequency sweep sw 4-34
sw?

Perform nelf =tent/CAL TE 4-13
Ti?

Sct reference level or transhybrid loss value ™ 4-36
TH?

"set tero"/"noise cheek” key function (L/F,EDDNLD) 2E 4-36
ZE?

Remote Control

4-23
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AR .. .. .. .. Set Receiver Port Conditions

AR <imped> <bridge> <loop hold> <imped> = 600 or 900 or 1200
<bridge> =00or |
<loop hold>=Q or |

AR?

These commands are used to select or read the receiver port conditions.

<imped> :Select either 600, 900 or 1200 ohm.
<bridge>  : 0 selects terminated input, | selects bridged input,
<loop hold> : O turns of f loop hold circuit, | turns it on.

The query form of the command AR? will cause the 4947A to return the
current settings. For example, it 600 ohm terminated without loop hold is
selected, the string returned is AR 600,0,0,

AT .. .. .. .. Set Transmitter Port Conditions

AT <imped>,<loop hold><conn> <imped> = 600 or 900 or 1200
<loop hold> = G or |
<conn> = 0 : TRMT is left hand port, RCV on the right
I : HANDSET connected to left hand port,
RCV on the right
2: TRMT is right hand port, RCV on the left
3 : HANDSET connecled to right hand port,
RCV on the left

AT?

For normal operation the TRMT port is on the left and the RCV port is on the right. When the connection is
reversed, TRMT is on the right RCV is on the left. You can also connect a HANDSET to the transmitter port.

These commands are used to select or read the transmitter port conditions.

<imped>  : Selects cither 600, 900 or 1200 ohm.
~loop hold> : 0 turns of f the loop hold current, | turns it on,
<conn> : Choice of port connections, sec above.

The query form of the command AT? will cause the 4947A to return the settings. For example, if
impedance is 600 ohms, with no loop holding and the transmitter js connected to the Ieft hand port, the
string returned will be AT 600,1,0,
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DP .. .. .. .. Select Display and Monitor Mode

DP <display> <display> = Gor |
ne?

These commands are used to set or indicate the 4947A display and monitor mode, ‘The parameter values
are: 0= TRMT | = RCV.

The query form of the command DP? will cause the instroment 1o return the currently set display and
monitor mode. For example, if this is RCV, the string returned will be DP 1.

ERR? & OE .. .. .. .. Error Reporting

OE
ERR?

U

There ire two commands available for error reporting. The OE command is the simpler of the pair, It causes
the 4947A to return the current error code, in decimal (see APPENDIX A). If there are no errors pending
the value zero is returned.

The ERR? command is more sophisticated than the OE command. It enables errors to be split into one of
four categories and returns the current error code in each. On receipt of ERR? the 4947A will return the
following string:

"ERR <meas error> <idle error>,<oper error>,<pon error><crlf>"

<meas error>: Errors detected by the 4947A measurement roulines during execution of a measurement
are returned in this field.

<idle error> : Errors detected by the 4947A measurement routines when setting up the idle state of the
instrument are returned here,

<oper error> : This field returns operator and HP-1B programming erro--

<pon error> : Power-on self test errors are returned here.

Both the OF and the ERR? commands clear the error code buffer within the instrument firmware and reset
bit #5 (Error) of the primary status byte.

The choice of which error command to use will depend on the complexity of the application of which the
494 7A is a2 part.

Simple systems where complex error handling capabilities are not required, you should make use of the OF
command. Here error codes will be passed straight on to some operalor or logging device.
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In a sophisticated automatic system the ERR? command may be more suitable because of its classification of
errors. A controller should always check for measurement and idle state errors. They are generally caused
by an undesirable receive signal. In a fully debugged and working system operator errors and power-on self
test errors should never occur,

NOTE

The ERR? connmand is not compatible with the "ERR?" defined in the {IP standard for
HP-IB codes and format.

ID & Ol .. .. .. .. Qutput Instrument Identification
ol
ID?

There is a choice of instrument identification commands. The OI command is the simpler of the two and
only returns the instrument model number. The ID command returns the model number and the firmware
revision code,

On receipt of the command ID? the 4947A will respond with the following string:

"HP4947A OPT <code><crif>",

<code>: Firmware revision code.

MD .. .. .. .. Set Parameters For Multifrequency Dialing

MD <parameter list>
MD?

The parameters are:

<an time> : Tone ON time, in seconds, 10 a resolution of 0.001s,
<off time> : Tone OFF time, in seconds, to a resolution of 0.00!s.
<level> :  Transmit level of the two tone signal 1n dBm.

<tone pair 1>

Sixteen pairs of frequencies (in Hz) to be used to dial the digits "1° x “lo"
respectively.
<tone pair 16>
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The 4947A stores 16 tone pairs to represent digits used in multifrequency dialing, for example, DTMF, The
tone pairs are retained when the instrument is turned off. They are numbered t~16 in an MP commind
used for multifrequency dialing, the digits are referred to by these numbers. On shipment, the tone pairs
are set to the North American DTMFE standard, with the tone pair numbers associated with the digits as
shown in the diagram. The tone pairs and timing can be moditicd by this MD command, The modiied tone
pairs are retained when the instrument is turned off. Page 4-8 describes how to program the 4947A to

dial.

The query form of the commind MD? will cause the 4947A to return the current multifrequency dialing
parameters,

Front Panel DIAL Mode
CAUTION
In front panel DTMF DIAL mode (see Page 2-4), the 4947TA keys labeled § to
9,0 # A BC and 1) call ot the same 16 tone pairs as associated in the
diagram below. As described above, at shipment, these represent DTMFE; but

front panel dialing can be altered by the MD command,

Example: To set up the North American standard DTMFE tone pairs below, the 4947A should be sent the
following:

"MD 0.15, -2.0, 0.0, 697, 1209, 697, 1336, 697, 1477, 770, 1209, 770,
i336, 770, 1477, 852, 1209, 852, 1336, 852, 1477, 941, 1336, 941,
1208, 941, 1477, 697, 1633, 770, 1633, 852, 1633, 941, 1633 <crifH”

TONE 2

TONE 1 1208Hz 1336Hz  1477Hz 1633H:2

697Hz EI", EI‘E, Elmi Enai
770Hz m E]cs; EI (6) (14)
852Hz mm @ra) El (8) (15)
sathiz | [w] (0] 0 v B e

TONE PRIR SHOWN IN ( )

DTMF Standard
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ME .. .. .. .. Select Measurement

ME <meas #> <meus #>=0,, 22
ME?

The ME command sefects a measurement. The <meas #> parameter should be a number between 0 and 22,
A value of O puts the 4947A into the idle state with the TRMT and RCV ports disconnected. A value of 22 is
used to dial (see Page 4-8). I‘or other vilues, sce the table on Page 4-10,

The query form of the command ME? will cause the 4947A to return the currently selected measurenent
rumher. For example, if the LEVEL/FREQ measurement is selected, the string returned will ber ME 1.

MP .. .. .. .. Set Measurement Parameters

MP <parameter list>
MP?

The MF command sets the measurement parameters for the currently selected mearurement. Recause the
4947A runs a wide range of measurcments, the items in the <parameter list> vary from measurement lo
measurement. ‘The <parameter list> for cach measurement is contzined on Page 4-10.

The query form of the command MP? will cause the 4947A to rewurn the parameters of the currently
selected measurement. For example, if a LEVEL/FREQ measurement is currently selected with pirameters
1004Hz and -1C0dBm, the string will be MP 1004, =-10.0.

ND .. .. .. .. Set Network Delay Time

ND <time> <delay>= 0., 30.000
ND?

The ND command is used to inform the 4947A of the signal propagation delay of the network under test.
This is the time taken for a signal originated by the 1947A transmitter to travel through the network and
re-appear at the receiver. When running a measurement, the 4947A will wait this length of time between
programming its traasmitter and making a measurement at its receiver.

The command parameter <time> specifies the network delay in seconds (to a resolution of 0.001 ).
CAUTION
The network delay time is stored in the instrument’s non-volatile memory
area and s retained on power-down. It is not possible to change the network

delay time from the front panel of the instrument,

The query ferm of the command ND? will cause the $947A to return the currently set network delay time,
For example, if this is 500ms the string returned will be ND  0.,500.

Lo
1
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OE .. .. .. .. Output Error
OE

See ERR? on Page 4-25.

OH .. .. .. .. Output Header

OH

This commund caases the 4947A to output a data list, describing the currently running measurement (sce
Pagr 4-11).

Ol .. .. .. .. Output Instrument Identifier
ol

See 1D? on Page 4-26.

OR .. .. .. .. Output Result

OR
This command causes the 4947A to output the result of the current measurement point. It should be used
after the instrument indicates a resull is available by the setting of bl #0 (Result Ready) in the primary
status byte.
The fayout of the result data list depends on the measurement (sce Page 4-11 for details).
In general a result is only available when bit #0 of the primary status byte is set. Trying to read a
result at any other time will generate a context error. The exception to this is during measurements that

produce a continuous stream of results, such as Transients or Phase Jitter. When these measurements are
running a result may always be read.

4-20
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OS .. .. .. .. Output Instrument Status

0s
This command causes the 4947A to output a value describing the state of the instrument. This value is the
decimal equivalent of the primary status byte vilue as returned in response to a serial poll. The value
is returned in decimal form and is the sum of the enabled bits.

A complete description of the primary status byte can be fuund on Page 4-16,

After this data has been read, primary status bit #3 (LOCAL) is cleared. Bit #6 (SRQ) is normally only
cleared by a serial poll. It will, however, also be cleared if all the causes for the service request are removed,

RA .. .. .. .. Set Sweep/Sequence Speeds/EDD Averaging Time

RA <sweep-rate>,<sequence speed> <sweep rate> e 0 | or2
RA? <sequence speed> '
The RA command is used to set up the sweep and sequence speeds in the 4947A. When set to 0 the
instrument obeys the appropriate rear panel switch. If the relevant rate js set to 1 then the sweep or
sequence speed will be slow; if set to 2, the speed will be fast.

The fast sequence speed should only be used when measuriny loopback (see Page 2-20).

In the EDD measurement: long averaging is used with the slow sweep,
short averaging is used with the fast sweep.

The fast sweep rate should not be used on the repeat instrument in a DD Forward Zeference Mode
measurement.

The slow sweep rate/long averaging time provides the best possible accuracy in EDIY; it takes four times
longer than the fast rate,

The query form of command RA? returns the two values set up. It does not read the rear panel switches as
these should not be relied on for remote operation.
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RQS .. .. .. .. Enable/Disable SRQ

RQS OFF
RQS ON

These commands enable or disable the capacity of the 4947A 1o issue service requests,

"RQS OFF" will inhibit the issuing of service requests,

"RQS ON" will enable the 4947A to send service requests specifically for the conditions given in the most
recently recei ~d srq mask (see the "SRQ" command). Note that "RQS ON" does not reset this mask, but
merely re-enalies

The power-on cundition is service request enabled,

The 4947A will accept the messages "RQn 0" and "RQS 1" as alternatives to "RQS OFF" and "RQS ON"
respectively.

SF .. .. .. .. Set Parameters For Single Frequency (SF) Dialing

SI¥ <parameter list>
SF?

The SF command is used to set up the parameters for SF dialing. It takes five parameters as follows:

<tone leve’ ¢ Transmit level of the SF tone in dBm.

<tone frequency> : The SF dialing frequency in Hz.

<mark time> : Tone-on time, in seconds, Lo a resolution of 0, 001s,

<space time> : Tone-off time, in seconds, to a resolution of 0, 001s, il

<interdigit time> : Inter-digit time (pause between sending each digit), in seconds,
to a resolution of 0.001s,

The default parameters of SF are: 0.0, 2600, 0.06, 0.04, 0.8

These dialing parameters are stored in non-volatile memory and so are retained when the 4947A is powered
down.

The query form of the command SF? will cause the 4947A to return the current signaling dialing
paramelers.

Note that normal telecommunications practice chariacterises the SIF tone pulses by their repetition frequency
and % break. The formulie to convert repetition frequency and % break to <murk time> and <space time>
are;

<mark time> = (1/repetition frequency) + (% break/100) —
<space time> « (1 /repetition frequency) - <mark time> “5
———

Note also that the <interdigit time> is not strictly in accordance with pormal priactice. The actual time -
delay between the [ast tone pulse of one digit and the first tone pulse of the next digit is <interdigit time> +
<space time>,

i
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SK .. .. .. .. Select SF Skip

SK <flag> <flag>=Cor |
SK?

These commands are used to set the 4947A in and out of SI¥ Skip mode. With <flag> set to | the instrument
will never transmit any frequency in the range 2451Hz to 27491z,

The query form of the command SK? will cause the 4947A to return the currently set SF Skip parameter.
For example, if SF skip is ON, the string returned will be $K1.

SM .. .. .. .. Store Mask
$M

This command changes the power on values of measurement parameters (stored ia the non-volatile memory
area within the 4947A).

SP .. .. .. . SetFrequency Sweep Parameter

SP <from><to><step> From

SP? : S0Hz to 5004Hz2
To
Step : 1 to S000Hz

This cor:mand sets the frequency sweep parameters.




Rentote Control

SRQ .. .. .. .. Set SRQ Response Mask

SRQ <mask> <mask> = 0., 63 {decimal)
SRQ?

These commands enable the 4947A 1o SRQ the HP-IB controller when a specific condition(s) vccur or
return the SRQ enable mask. ‘The following table gives the parameter <mask> value for the various
conditions. To combine conditions, ndd the appropriate values, For example SRQ 33 will enable SRQ on
erroror result ready. Note that each bit in the SRQ mask corresponds to a bit in the primary status
byte. An SRQ will be generated on a 0 ~> 1 transition of an enabled primary status byte bit.

P"i'““rl;’?“:;"s Byte <mask value> SRQ condition enabled
t
0 | Result ready.
| 2 End of point,
3 8 LOCAL key.
4 i6 Ready for next command.
5 32 Error,

The 4947A can also be configured to SRQ at power-on. This is set by the P ON SRQ swilch (part of the
HP-IB switch) on the rear sanel of the instrument and cannot be altered by remote programming.

At power-on the bits #0 thru #5 of the S5RQ mask are set to zero. The 4947A will accept the SRQ
command in any state.

CAUTION

If the 4947A is enabled to SRQ on more than one condition, care must be taken
designing the interrupt service routine in the controller, (See pages 4-15 and 4-20),

The query form of the command SRQ? will cause the 4347A to rr turn the current value of the SRQ enable
mask.
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SV .. .. .. .. Set Loudspeaker Volume

SV <vol> <vol>= (0. 7
sV?

These commands are used to set the volume of the internal monitor loud speaker of the instrument or
returns the <vol> parameter. The parameter values are:
0=0FF, | =QUIET.....7 = VERY LOUD.

The query form of the command §V? will cause the 4947A to return the currently set speaker volume. For
example, if this is QUIET, the string returned will be SV 1.

SW .. .. .. .. Start/Stop Frequency Sweep or Start Sequence

SW <param> <param> =, | or 2
Sw?
0 = normal (sweep off)
1 = starts the sweep from the current setting
or starts transmitting sequence
2 = starts the sweep from the "From" frequency
(sec SP command)

This command starts or stops the 4947A sweep mode. In szquence mode, SH1 causes the $947A to start
operating as a sequence transmitter only.

4-34
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TE .. .. .. .. Select Self Test or Perform Calibration

TE <test #> <test 4> 0., 17
TE?

This command puts the $947A into the Self Test state or returns the currently selected Self-Test number.
The TE command is identical to pressing the CAL key on the front panel.

The parameter <test #> selects an initial test point - see Table below. A parameter value of 0 has a spectal
meaning; it takes the instrument out of the Self Test state (if selected) buck to previously selected mode and
me- surement,

<test #> Description

Full self calibration.

TX gain check.

RX gain check.

RX autorange paths gain check,
RX autorange calibratjon.

TX attenuator paths gain check.
TX attenuator calibration.

TX flatness check.

RX flatness check.

Transients circuit gain check.
RX flatness check.

Processor roms CRCs check.
Non-volatile RAM (A1 3) test.
RAM test.

Internal instrument bus test,
Front panel test.

Digital filter test.

MOOOO S N A e o Mo
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Some seif-tests have a number of "subpoints”, The end of cach subpoint causes the RESULT bit of the
primary status byte to go true, the last subpoint in a test causes the FOM (end-of -measurement) bit 1o go
true. The OR command can then be used to recover the results of the self-test,

To step from one subpoint to the next, SH1 must be sent, This allows control over the remote running of
sclf -test.

The query form of the command TE? will cause the 4947A to return the currently selected Self-Test
number. For example, if point #7 is selected the string returned will be TE 7. If the instrument is in
Self-Test state the TE 0 form of the command can be used to select the previous operiating mode and
measurement. Alternatively the ME command can be used to select a new measurement,
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TH .. .. .. .. Set Reference Level or Transhybrid Loss Values

TH <level> <level> = =99.9 .. +99.9
TH?

These commands are used to set up or read the stored values of the reference level during LEVEL/FREQ
and EDD, or transhybrid loss during RETURN LOSS. The parameter <level> should be in dBm or dB to a
precision of one decimal place.

These vilues are set either by the TH command directly or by using the ZE command to identify a
measurement as a reference (see ZE).

The query form of the command TH? will cause the $947A 1o return the current value of the setting. For
example, if the transhybrid loss level is -7. 8dB, the TH? command will canse the 4947A to return TH
~7.80.

ZE .. .. .. .. Set Zero

ZE <type> <lype>= 0., |
ZE?

This command is used to store reference points in swept measurements or correction values for INTERMOD
and RETURN LOSS.

in LEVEL/FREQ, 0= Absolute mode, | = Relative mode, When <type> = 0, results are in dBm. When
<type> is programmed to !, all following results are in dB referenced to the last measurement before it was
programmed. The TH command can be used to madify this reference if required.

In EDD, each delay result is initially referenced to the previous delay result.  When ZE1 is sent, the
instrument uses its most recent result as a reference for all future results, for both delay and level. Sending
ZE1 again establishes u new reference.

in INTERMOD the measurement starts with <type> set to 0 and performs the measurement withoul a noise
check. Setting type to | causes the two tone noise check Lo be performed repeatedly. Upon returning <{ype>
to 0 all following measurements are noise corrected,

In RETURN LOSS, ZE works like the SET ZERO key. This can be used te correct the results for transhybrid
loss, or total channel loss.
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GENERAL HP-IB INFORMATION

Types of Devices on the Bus
There are three types of bus devices: talkers, hsteners or controllers.
* A talker is a device which can send out data.
» A listener is a device which can recejve data
» A controller isa device which controls the actions of the talker and listeners on the bus.

The 4947A operates in the following two modes:

Addressable (Talk/l.isten) mode - for use with a controller (sce this section).
Talk Only mode - for use with a listen only device (see Section 3).

The 4947A has no LISTEN ONLY capability,

Useful Reference Publications

IEEL Interface Standard 488-1978

ANSI Interface Standard MC1. |

"Improving Measurements in Enginecring and Manufacturing” (HP Part No 5952-0058)
"Condensed Description of the Hewlett~Packard Interface Bus" (HP Part No
59401-90030)

HP-IB Capability

The interface functions of the 4947A (as defined in IEEE 488-1978) are listed below.

HP-IB Capability

Cade Description
SHI Complete capability

Al Complete capability

TS5 Basic talker, serial poll, talk only mode, unaddress if MLA
TEO No extended tatker capability

14 Basic histener, unaddress if MTA

LED No extended listener capability

SR1 Complete SRQ capability

RL1 Complete remote -local capability

Pro No parallel poll capability

DCI Complete device clear capability

DTO No device trigger capability

Co No controller capability




Remote Control

Local & Remote States and Messages
In the "Addressable” mode the instrument can operate under either local o1 rrmote control.

LOCAL OPERATION:  All front and rear panel contrcis (except the HP-IB switch) are responsive and
control the instrument,

REMOTE OPERATION: Most front and rezr panel centrols are inoperative, the instrument is controlled
by the HIP-IB controller. The front panel indicators wil} reflect the remote
programming commands received.

At switch-on the instrument assomes the local state. Under local control all HP-IB commands will be
rceepted, but those that attempl to change the state of the instrument will not be obeyed.

The 4947A is put into the remote state by setting the REN signal line and by addressing the 4947A to
listen. The instrument then responds to all valid HP-1B commands.

The instrument can be returned from "remote” to "local” operation by either pressing the "GO TO LOCAL"
key on the front panel or by the controller sending the “go to local" (GTL) message, or by de-asserting REN.

It 13 highly recommended that the 4947A be in "remote with local lockout” state (RWLS) when being
controlled viz the HP-1B. This will disable the front panel GO TO LOCAL key and guarantee that the
system controller has sole control of the instrument at all times. To do this, the controller should send the
REN message followeu by the LLO message,

When in the RWLS state the GO TO LOCAL key will cause bit #3 of the primary status byte to be set, [t
is then up to the discretion of the controller whether to return the instrument to local control or ignore the
request,

Pressing the GO TO LOCAL key when already under local control wifl abort the execution of any HP-IB

coamands. This pruvides a way out of a potential hang up should the controller go down when the
instrument is sending it a data ljst,

Device Clear & Serlal Poll

Device Clear (DCL) ard Selective Device Clear (SDC)

The 4947A responds to the DCL and SDC mess=ges by returning the instrument to its inatialised condition
regardlesy of the current state. The initialised configuration is as follows:

¢ The HP~IB input and 6ulpul buffer are cleared, as is the error queue.
o [Idle state is selected.

Serfal Poll (see also Pages 4-15 and 4~20)

The 4947A cun be serial polied at any time 1o retrieve the value of the primary status byte A serial
poll will also clear the request service (rsv) message (SRQ fine) if this is set.
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Remote Control

The 1:eaning of each bit in the primary status byte is given on Page 4-16.

HP-IB switch on the 4947A.

SPOLL (device selector) is the statement used by many controllers to carry out serial poll. To poll the
4947A, the device selector must be a combination of the interface select code and device address, c.p. in
Program 2 SPOLL (702).

This will return the 4947A' primary status byte. It bit 6 of the primary stalus byte is set, it indicates that

' If required, the operator can make the 4947A send EOI with the serial poll status byte by re-setting the
the 4947A is requesting service.

I 4-39




General Information

5

GENERAL INFORMATION

INTRODUCTION

This manual contains information which allows the user to operate the Hewlett~-Packard Mode]l 4947A
Transmission Impairment Test Set. A 4947A together with the accessories supplicd and initial inspection
information, are shown on Page vi.

On the title page of this manual is a Microfiche Part Number. This number can be used to order 4 X 6 1nch
microfilm transparencies of the manual. Each microfiche containes up to 96 photo duplicates of the
manual pages.

SPECIFICATION

Instrument specifications are listed on Page 5-3, These specifications are the performance standards or
limits against which the instrument is tested.

SAFETY CONSIDERATION

This product is a Safety Class 1 instrument (provided with a protective earth terminal). The instrument and
manual should be reviewed for safety markings and instructions before operation. Also read the Warning
on Page ii.

INSTRUMENTS COVERED BY MANUAL

Attached to the instrument is a serial number plate. This serial numbe; is in the form XXXXUXXXXX. It
is in two parts; the first four digits and the letter are the serial prefix and the last five are the suffix. The
prefix is the same for ail identical mstrumeuts, it changes only when a change is made to the instrument.
The suffix however, is assigned sequentially and is different for each instrument. The comtents of this
manval apply ‘o instruments with the serial number prefix(es) listed under SERIAL NUMBERS on the title

page,

i

An instrument manufactured after the printing of this manual may have a serial number prefix that is not
listed on the title page. The unlisted serial number prefix indicates the instrument is different from those
described in this manual. The manual for this new instrument is accompanied by a Manual Changes
supplement. This supplement contains "change information” that cxplains how to adapt the manual to the
new instrument,




General Information

In addition to change information, the supplement may contain information for correcting errors in the
manual. To keep this manual as current and accurate as possible, Hewlett-Packard recommends that you
periodically request the latest Manual Changes supplement. The supplement for this manual is identified
with the manual print date and part number, both of which appear on the manual title page.
Complimentary copies of the supplement are available from Hewlett-Packard. For information concerning
a serial number prefix that is not listed on the page or in the Manual Changes supplement, contact your
nearest Hewlett-Packard office.

EQUIPMENT AVAILABLE

A printer/plotter and external controller can be used with this instrument. A typical example of each is
listed here:

HP98165 Model 2165 . . . . . ... ... .. .. . Computer with BASIC
HP2225A . . .. ... ... .. e e e e e e e e ThinkJet Printer

5-2
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SPECIFICATIONS

General Informaution

IMPEDANCES (hatanced) t 60082 9008
F20U82 with TRMT and RCY hndependant,
BRIDGING LUSS (RECEIVER) ¢

< 1.2 di),

IRGIH YOLTAGE PROTECTION (AC and

DCYE pev IREE 743 19R,

RETURN LOSS (TRMT aml RCVY;

50H2t0 5 ks> 150l
00 14 hzes 3k

LONGETUDINAL BALANCE CPRM) ol

RUYY E> 908, 50 1210 1200 12, decieas.

ing fess than 6 dIY per ctave to 5 Kl

FLOLDY CIRCUETS £ TRMT and REV, -

depemdent. Hohl carrent: 24 maAs wninal;

reseliable 20 10 30 mA.

IBALING t Diling mode converts 16 Fon

panel keys to a keypad For transmitting sl

Hlvequency digits tnnrmally DT but

reprogramn Sle via 10}

SEFSKIP (b ooWEreueirey and EDD) ¢

Shipa o band From 2450 10 2750 1,

HOLDING TONI:

Fregueney ¢ 104 X 0.1 11y,

Rapge 2 <800 1o 411 diln,

Resalntion ¢ 0.1 ol

Aecnuriey £ 2000, -19 100 dibn.

Elsewhere £ 0.2 an.

SIGNAL LEVEL DETECTOR ¢

True KMS.

POWER REQUIREMENTS ¢

TOU-1207200- 240 VAL 16%/-10%. 38 1o

66 12 BS watts pominal.

OPERATING I{N\'II!(INI\JI{N'I' t

Femperature : 0° 1 1 50° ¢,

Thwmhdiey © 10% to Y0%. non-condensiog.

Altinude £ U to 601D m (LSOO 11},

Internnd Coflbentlon ¢ M power up mind i

dentminl.

DINMENSHONS (oveladbng feel) @

TIB IS 425 W A d38 mm D74 5 16,75

X 17.25 in)

INSTRUMENT WEIGHT: 15 hg 133 ).

T0%-I08 (EEEE 4HR) CAPABILITIES ¢

ALELSHT AT S0 IRLL 8,

Note : The easieenient sesolutiony stated
are Por display and printont. The
resufition of most esults ictuined to
a contpaller is ten Lmes hetier.

MONITOR OUTPUT (renr panel)

Conneelnp : WECO 310,

Impedance £ 60082 nominal.

shenal s Dennslilatad plese jinter,

Transmitter Level

RANGE ¢ - 60 to ¢ )1} b,
RESOLUTION: 0.1 ai

ACCURACY (in ikt

ALTIRM LT <19 1o 0 dlin : £ "'i:

S0 10 200 00 50 0 s 1 dlim : X 0)5;
e SO0 N St s )80 A ;2 02,
FLATNESS £ 0.2 aD peak 4o peak {50 1o
18 dbm, 200 k2 1o 5 K.

TOTAL DISTORTION ()04 ELp, lesel

> 40 Ay e > 50 dB down on Bmdamental.

‘Transmitter Frequency

RANGE : 50 10 5004 11,
RESOLUTION: 1 1y,

ACCURACY £ 2 0.0 1% of ouipuu
Fregeieney.

SWEEP:

Step Shre : Programmable from 1 (17 1o
5 ks

Step Rate (nominal) e

Level/Fregueney : 1 ar § secslep,
(Rare set by switehs on aear paned oy via
ey

S PREPROGRAMMED FREQUENCIES

SO AT DO Hi 120 2814 17 41 3)

2783 B2 (U4) a1 power wp. Subseguently.
new vinhies cap be set For F1 o 1

Recebver Level

RANGE 60010 4 10 b
RESOLUTION 2 3.0 Wl
ACCURACY (in il :

5 200 o2 20 S0
Hs M (1} I It
Wi ! I
tl1)
T
205 | 2u2 [ Ena
19
-50
1.0 0.8
-60)

Receiver Frequency

ANGE £ 200 1 5004 112,
RESOLUTIONt ) )1y,

ACCURACY ) 1paypical
flesel > <54 dBne S/8 > 20 ik

MESSAGE CIRCUIT NOISE

FRANSMECTER ¢ Teminaet,

RECCIVER ¢

Filtess s G sage and 3 kb Ha pea 11T
743 - 1YRd,

Range : 78 0 90 iy

IResslutivg, -t i,

Acciriey : 2}l

TRANSMITIGR :

Holding Tone 2 See General.

RECEIVER ;

Fillers : Noteh and Comessage pee [FF) 743
- JURA.

Range a0 90 dihn (5. N Rane

> 45 )

tesolutiun ¢ 1 A

Aveurney ¢ 2 ) an,

SIGNAL-TO-NOISE-RATIO

TRANSMITTER ;

Fobdimg Tone ¢ See Genepal,

RECEIVER ¢

tiliers t Noteh and Conpessage per 110 743
ELILR

Shgead Lyl Romge £ 400 10 + 10 k.

S/ Rario Range : 10 10 45 Jit.
Resolutfan ¢ 1418

Avcuracy ¢ 20 0l gunise > R0 Wim).

NOISE-TO-GROUND'

TRANSMUTFTER : Terminated.

RECEIVER ¢

Filiers : Copessage and 3 Mz Flat per {1001
743 - 19ha,

Range : 48 1o 130 i,

Reselutbon ¢ | it

Accurney : 2 15l

5-3
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SPECIFICATIONS (continued)

INTERMO! TRANSIENTS |
TRANSMIVTER :

Heding ‘Vone : See Gienern),

RECEIVER ¢

Genernl s

HOLDING TONE <40t 10 dibn, Y95 15
Io2s e

COUNTIR

Rate 0 B ooy T conntsses fnaminalp,

. ENVELOPE DELAY

TRANSMITIER

Corvier Freguency Range t V00 1y

504 1y,

Ruesolubion t 1 He,

Fregueney Sweep: Ay Level By apency bt
step rate is 3 or 12 seesstep, naminad. (Rate
ek by switeh onyvar panel or via 1510
Leve) Runge ¢ -40 1o 0 Jdhi.

DISTORTION!.

TRANSMITTER ¢

Sttt d-tone, mvdinear distortjon.®
Range ¢ =4t 1o 0 i

Resolution & 1) o

Aceuracy t 1 dib

RECEIVER ¢

Pevel Range ¢ -41) to 0 dltm.

Distortion Display Raage ¢ 10 10 7t 018 slectable. Resolutbon 1 2 1)1 a1y
Sevond onder l'!llc:n cum’iml at $20 0 and Hore DB 1o Q99K conns, Nibelation Frenueacy : 83-1,3 11,
2240 1) Thivd srder liller cenlered al Qualitieation Iteyval - > 4 2 0.5 s, 1014,

TIMER 1o 599 minnes or comtinuous,
have Tty :

RECEIVER

Level Range ¢ -40 to 4 diin,

CARRIER LEVEL: > -30) diin), Level Acenracy 1 2 0.5 40

THRESHOLD 5 10 407 i 57 stepa, Measurement Runge ¢ - 3001 1

ACULRACY 1B comtsoee vate): 20.5° 2 gy ps,

1% of thaeshohd selting Roesolutlon ¢ 16 s

Galn 1 Acciiraey ¢ (5/N > 24 a1y

THRESIHOLD : 2, 3, 4 e 64D

3(,‘('[!!%;\("\' (R commlnsee e
0.5 i .

Drupouts g Shunt

CARRIFR LEVEL > =300 b it st ot

meaxrement,

THRESHOLD : 12 dn,

ACCURACY (R counbsssee vate) 0 2 1 iy,

INTERLOCK TIME @ | see.

Empulse Nubse ¢uith or withaut holding

Tune) t

THRESHOLEY RANGE :

Low s 3010 92 dhin i b Ol steps.

M ansd FLigh Thresholds : 4 dlf and B olb

1900 N,

Reselution 2 1 o,

Acenracy 2 | dl rrom 1010 55 i,
Nobwe Cheek e Mamually sclectest; congpensa-
tion then applied automalicatiy,

*Livensed under Tlehimian Laboiatayjes, The.
LIS Paters Now 3B62, 380 tor non-linear
distortion analy rer.

snd iy
Averaging

" P/AR . ' RN EETS

(PEAK TO AVERAGE RATIO)

Loy T30S {2

TRANSMETTER ;

Shamal : Per WEEE 743 - 1984,
Level Range & -40 10 0 dlim.
Resolution: 1,1 QI
Accurncy t £ 10,25 a3,
RECEIVER ;

Level Runge 13410 1o O «Hin.
IYAR Runge t 0 to 120 units. above Law, respectively,
Resoluthon : ) B/AR unil. I holding tone present,

Aceurncy tE 2 PAAR units From 4010 110 o setting of Tow thyeshold is 25 d18 telow

P/AR units; hokding tone fevel P07 ¢ Front handle Lir.
£ 4 P/AR units ehewher, . il't;\l*.;l. TRANSIENTS selected. max setting 798 8 Rack Mange ki,
of Jow threshold is 10 dB above hotding one 7192 Fxten sel of manuals.

- - Jewvel.
PHASE NTTER THRESHOLD ACCURACY : 2 1 di, m
TRANSMITTER ¢
W PP LBEB2A £ 36 il teol cordd, WICO 310

Halding Tene ¢ Se¢ General.
connector o alligator dips,

Shent avernging Is 3 see nominal Short ar
tung averaging selected by switeh on et
panel or via FHP-I,

Repent Dlode, Return Reference : Prror
twice that shiuwn in the 1alile,

RECEIVER : . o
Holding Tone : <40 to L0 dbm, 990 10 MODES ¢ ERL. SR High. SRIL Low, IIEY ESSEIA L 36 inch iest condd, WICO 310
1038 17, TRANSMEFTER : cmnector at each eind

HIP 2228A ¢ Think Jet printer with 11P-1
imtertace,
HIPTORISA ¢ EIP-HY cable. 310

Jitter Range: 0° 10 302 peak-to-peah. Stgoalb e Per IEEL 743 . 1984,
Jitter Aveuracy : £ 0.2° % 50 o peading Level Range ; -40 to O ultin,
(Frequency weighting ns IEEE 743 - 1984). RECEIVER :

Bancdwidihy s 24 to 300 He (el standard). R l'" l'. A ll'lu 50 A

3 10 3000 17 Qe standard + 117, Reshition 01 uh

Output t Pemodilnted Jitter available, Accuirncy ;} 'I}S Jik

Tromhybrid Lovs Compensttion : -99.9 1o
+99.9 B




Installation

SECTION

INSTALLATION %

INTRODUCTION

‘This section provides installation instructions for the Hewlett-Packard Model 4947A  Trunsnssion
Impairment Measuring Set and its accessories. This section nlso includes information abowt prepirition for
use, packaging, storage and shipment.

PREPARATION FOR USE

TO AVOID THE POSSIBILITY OF INJURY OR DEATH, THE
FOLLOWING PRECAUTIONS MUST BE FOLLOWED BEFORE THE
INSTRUMENT IS SWITCHED ON,

(A) NOTE THAT THE PROTECTION PROVIDED BY GROUNDING THE
INSTRUMENT CABINET MAY BE LOST IF ANY POWER CABLE
OTHER THAN 'THE THREE-PRONGED TYPE SUPPLIED IS USED TO
COUPLE THE AC LINE YOLTAGE 'TO THE INSTRUMENT

(M) IF  THIS INSTRUMENT 1S TO BE ENERGIZED VIA AN
AUTO-TRANSFORMER TO REDUCE OR INCREASE THE LINE
VOLTAGE, MAKE SURE THAT THE COMMON TERMINAL IS
CONNECTED TO THE NEUTRAL POLE OF THE POWER SOURCE,

(C) THE POWER CABLE PLUG SHALL ONLY BE INSERTED INTO A
SOCKET OUTLET PROVIDED WITH A PROTECTIVE EARTH
CONTACT, THE PROTECTIVE ACTION MUST NOT BE NEGATED BY
THE USE OF AN EXTENSION CORD WITHOUT A PROTECTIVE
CONDUCTOR (GROUNDING).

Power Requirements

The mstrument requires a power source of 100 to 120V or 200 to 240V ac, +0% =107, 48 10 o6klz single
phase. The maximum power consumption is JO0VA,




Installation

Line Voltage Selection and Fuse

The line voltage is selected by the rear panel switch labelled 100 - 120V and 200 - 240V.

CAUTION

Befare connecting the instrument to n power outlet ensure that the lipe
voltage selector is correctly set, and that a fuse of the correct rating s fitted,

Fuse ratings are given in the table below,

Fuse Ratings

Nominal Fuse HP Part
Line Rating Number
(IR JAT/250v 2110-0381
23i0v 2AT/250V 2110-0303

Power Cable

This instrument is equipped with a three-wire power cable. When connected 1o a pawer outlet, this cable
grounds the instrument case. The type of power cable shipped with each instrument depends on the
country of destimation. Refer to the table below for part numbers of the power cable and plug
configurations available, The number shown below each plug is the Hewlett-Packard part number of
power cord equipped with that plug, If the appropriate power cord is not included with the instrument,
notify the nearest Hewlett=-Packard Sales and Service Office and a replacement will be provided,

Power Receptacles

81202104 8120 - 1369 81201689 8120 135 8120.1378 8120 - 2956

o e
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‘The colour code used in each power cable is given helow:
Line ' Brown

Neutrd] @ Blue
Ground : Green/Yellow

Internal Battery

DO NOT INCINERATE OR MUTILATE THE BATTERY., IT MIGHT
BURST OR RELEASE TONIC MATERIALS CAUSING PERSONAL
INJURY,

The lithium battery on Al3 used as a power supply for the non-volatile mermcry, should be checked
annually. Life expectancy of the battery is approximitely 5 years.

Operating Environment
Temperature - The instrument iy be operated in temperatures from 0 degrees cenligrade to +50

degrees centigrade.

Humidity = The instrument may be operated in environments with humidity up 10 907 However,
the instrument should also be protected from temperature extremes which may ciuse
condensittion within the instrument.

Altitude = The instrument may be operated at altitudes up to 4600m (15,00011.)

Air flow - The air intake to the instrument is via a fan mounted on the rear panel. The air exhaust
is vin the perforated side panels. To provide adequate cooling, an air pap of
approximately 3 inches should be maintained around the instrumeni.

The fan filter should be removed from the nstrument and cleaned in hot soapy water every six months or
more frequently if the instrument is operited in it hostile environment.

f)-3
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FRONT PANEL CONNECTORS

The mating connectors for the 4947A frent panel connectors are lsted below.

Front Panel Conneetors

Mating

Deseription Connector Connector
Part Number

Receiver Port Weeo 310 1251-0695

Transmitter Port Weco 310 [251-06Y5

RACK MOUNTING

Iiustrated below are the three Rack Mount Kits available for use with the $947A. Refer to Page 6-1
regarding the cooling of rack mounted instruments.

@ FRONT HANDLE KIT HP5061.8690

RACK MOUNT KIT WITH FRONT HANDLES
HPBE0G1-8684

RACK MOUNT KIT WITHOUT FRONT HANDLES
HPB061-8678

v
v
v
™

“®

Rack Mount Kits

h-+
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HEWLETT-PACKARD INTERFACE (HP-IB) BUS

This section contains information for mstitthng the 4947A Transmission Iipairment Measuring Set into o

Hewlett-Packard Interfice Bus (1P -118) system.

The HP-IB iy Hewlett=Packard’s implementation of the IEEE Standard AR8-1978 (Dutal Interlace Tor
Progritmmable Instrumentation). Vs stambard defines a physical interface and protocol which enables the

remote control of instrumentation systems.

Connection to the HP~IB

Logic Levels

The HP-IB logic levels are TTL compatible
j.e. the true (1) state is OV de 1o 0.5 de and
the false (0) state is +2. 5V to 5V de.

Mating Connector

HPI251-0293;
Amphenol 57-302040

]
T

SN

SIGNAL COMMON @ |

SIGNAL COMMON TWISTED wiTH PIN 11 )f| (23] [TD)
SIGNAL COMMON TWISTED WITH PIN 10 ||| [Z2) [10)
SIGNAL COMMON TWISCED WITH PIn o ||| ZD) (B
SIGNAL COMMON TWISTED WITH PN 8 |||(38] [E]
SIGNAL CoMMoNn TWISTEOWITH PN 7 ||| (18) (T]
SIGNAL COMMON TWISTEDWITH PN 6 ||[18) [B)
ren [i|07) (&)

osos {||[15) [3]

D107 (3]

oos j||[14) [Z]

D106 L[EI al

TYPE 57 MICRORIBBON CONECTOR S

S

HP-IB (rear panel) Connector

SBHIELD
ATN
SRQ
IFC
NDAC
NRFD
DAV
£Ql
DI04
o3
moz

i DI

The HP~IB connector on the rear panel of the 4947A provides the physical interface 10 connect the $947A
into an HP-IB system. The figure nbove illustrates the connector pin confliguration, Devices in the HP-IB
system may be interconnected in any suitable arrangement (star, delta, etc) using the HIP-IB cables
the table below,

HE-IB Interface Calles

Part Numbers

Cable Lenpths

HPTOS33A
HP10833B
HP10833C
HPLIOS83ID

Im (3. 3f1)
2m (6. 6ft)
dm (13, 201)
0. 5m (i.6ft)

Listed in




Installation

To nreet design performance, restrictions are placed on the fength of HP-IB system cable as follows:
o The total length of HP-1B cable used 1o interconnect devices on the HP-IB must poi e 12
metres (6 Teet) times the number of devices in the syste .

o The total length of HP-1i cable used to intercomnect all deviees must not exceed 20 metres (65
feet),

The 4947A In the Talk Only Mode

Setting the 4947A rear panel HP-IB switch to the TALK ONLY (1) position enables you to print or plot
results on a HIP2225A ThinkJet Printe.,

Results are output in ASCI fornit to the printer via the rear panel HP-1B connector. Ensure that the

printer is set 1o LISTEN ALMAYS and that it is the only device connected to the rear panel HP-IB
connector,

The 4947A as an Addressable Device

f L_ < HP-IB > .
el K- W]
— LB} |w WAy
ADDR e TN i, ¥
(1]
(7]
" CAPABILITY CODES -
- SHI AHt T3 L4
SA! AL DCH
N J

HP=IB Switches ~ $947A as an Addressable Device

Setting the rear panel HP-IB switch to the ADDR {0) position configures the 4947A as an HP-IR
addressable device under the remote control of a separate HP-1B controller.  Each device in the HP-IB
system requires a unique address to epable the system controller to differentiate between the devices. The
address switches AO to A4 define the HP-IB address (addresses range from Oto 30). The folowing table
provides HP~IB address information.

B-h

VLT RN ST S T P e ey SR c Bt . A A e Sl AN LR TU0Y Erpertet o c e




HP=IB Address Information

Installabion

oy

Address Charneters Adidress Code Address Switeh Settings

l J.isten Talk Decimal Ad A3 A2 AL AD
Space @ 0 0 U 0 0 0
I ! A i 0O 0 o o0 |
" B 2 H 0 o0 1 0
# C 3 0o 0 0o 1
§ 1 4 0 0 1 0o o0
' % I 5 0 9 1 0
& I 6 0 0 1 1 0
, G 7 o0 1 1
. { n 8 0 I o 0 0
} I 9 0O 1 0 0 1
' * | 10 0o 1 0 1 0
+ K 11 0o 1 0 1 1
. L. 12 0 1 1 0 o©
- M 13 o 1 1 0 |
' . N 14 0o ! 1 1 ¢
/ ¢} 15 R T S
l p 16 Il ¢ 0o 0 o0
. l Q 17 1 9 0 0 |
2 R 18 I 0 0 1 0
3 S 19 I 0 o 1
l 4 T 20 1 0 1 0 0
5 U 21 I 0 1 0 1
6 \Y 22 1 0 ' 1 0
l 7 W 23 | ¢ R T
8 X 24 I 1 0 o0 o
9 Y 25 1 1 0 0
. : VA 26 I 1 0 1 o
; [ 27 ! I 0 1 |
< / 28 | | 1 0 0
= ] 29 | | S T R |
| l > t 30 e A ¢

h-7
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STORAGE AND SHIPMENT

Environment

The instrument may be stored or shipped in environments within the following limits:

Tempernture, . . . ., . . =40 degrees centigrade to +75 degrees centigrade
Humidity .. ... o 90%
Altitude . . . L L v oo 105,300m (50,00011)

The instrument should also be protected from lemperature extremes which may cause condensation within
the instrument,

Packaging

. \ , . , ! )
Tagging for Service - If the instrument is being returned to Hewlett-Packard for service, please
camplete one of the blue repair tags located at the front of the service manual
and attach it to the instrument.

Original Packaging - Containers and material identical to those used in the factory packaging are
svailable through Hewlett~Packard offices. If the instrument is being returned
to Hewlett-Packard for servicing, attach a tag indicating the type of service
required, return address, model number and full serial number. Also mark the
container "FRAGILE" to ensure careful handling,

Other Packaging - The following general instructions should be used for re-packing  with

commercially available materials:

(@)  Wrap instrument in heavy paper or plastic. (If shipping to Hewlett-Packard office or service centre,
attach a tag indicating type of service required, return address, modcl number and foll serial
number,)

(b)  Use strong shipping container. A double-walled carton of 350-pound test material is adequate.

(c)  Use a Jayer of shock absorbing material 70 to 100mm (3 to 4 inch) thick around all sides of the
instrument to provide firm cushioning and prevent movement inside the container. Protect the
control panel with cardboard.

(d)  Seal shipping container securely.

(e)  Mark the shipping container securely.

{f) In any correspondence, refer to instrument by model number and full serial number,




Frror Cades

ERROR CODES

APPENDIX

A

The error codes and the conditions which will cause them to be displayed are listed below,
more infermation refer to the troubleshooting section of the Service Manual,

Error Codes

If you require

Caile

Cause

Err 1
Err 2
Err 3
Err 4
Err 5

Err 6

Err 7
Er- 8
Err 9
Err 10
II;rr 1
Err |2
Err 13
Err 14
Err 1§

Err 16

Received level too high to measure,

Received level too Jow to measure.

Received level unstable or drifting out-of ~range.

Impulse noise threshold setting invalid for current received level.
HP-IB command string invalid {sce Command Validity, Page 4-35).

HP-1B command ignored, 4947A under local control or 4947A
addressed to talk but no listener present,

Prucessor RAM faults (A13 US#
Processor ROM faults.

Processor or instrument bus fault.
Measurement Hardware fault,
Bus Hardware fauit,

Calibration errors.

Digital filter self ~test errors.
System software e rors,

System software errors.

Measurement software errors.

a----------
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