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Modern communications systems, with their
-r ever increasing capabilities, demand sophisti-
CSt cated, high performance test equipment to
Set ensure that they are operating correctly. This
Application Note describes a transceiver test set
which provides that performance with flexible, easy-to-use
standard instrumentation. This test set, the Hewlett-Packard
B903A-EB5, makes most in-channel transceiver measure-
ments, either automatically under control of the HP-85F
instrument controller or manually using keyboard entry.
Table 1 summarizes the test set’s capabilities.

In automatic operation, the instruments use keystroke
equivalent programming. Each key on the front panel has
an equivalent one or two character program code. Thus,
test procedures can be developed manually and then trans-
lated to the controller’s BASIC language by simply substitut-
ing program codes for keystrokes. Figure 1is an example of
this. In addition, front panel displays and annunciators for
all functions minimize guesswork. This greatly simplifies
test program development.

The information contained in this Application Note will
help you to assemble this transceiver test set and get it
operating. A tape cartridge, the 11723A Application Pac,
contains the starter program which is listed in the last sec-
tion of this note. Most of this program consists of subrou-
tines which control the instruments and make measure-
ments. These subroutines may be used as a starting point for
developing your own software.

Table 1. 8903A-E85 abbreviated measurement capabilities.
e s e sy e

Transmitter Tests Receiver Tests  General Tests
Power Sensitivity AC and DC level
Frequency Audio power Frequency
Frequency error Audio distortion  Distortion

AM Signal-to-noise

FM SINAD

Quieting
Audio flatness

Squelch frequency

Squelch deviation

Residual and incidental
AM and FM

Microphone sensitivity

Modulation limiting

Audio distortion

Hum and noise

Audio flatness

| Freql;ency ' U [i] @MZ

” J—‘ Ji"
OUTPUT 707 USING “K”; “FR 65 M

8656A HP-1B Address Literal image (see HP85 I/0 manual)

Figure 1. Keystroke-equivalent programming. This example sets
the 8656A frequency to 65 MHz.

More information about the instruments used in this test
set may be found in the Operating and Service Manuals for
each unit. Application Note 286-1, Applications and Oper-
ation of the 8901A Modulation Analyzer, describes trans-
mitter testing in more detail. Information about program-
ming the HP-85is contained in the Owner’s Manual and the
170 Programming Guide, which are supplied with the unit.

The following instruments and

Equipment
accessories are necessary to as-
a'nd Setup semble the test set. They may be

ordered as a set from Hewlett-Packard under the number
8903A-EB5.

8656A Signal Generator,

Opt. 002, rear panel connections
8901A Modulation Analyzer,

Opt. 001, rear panel connections

Opt. 002, high stability time base
8903A Audio Analyzer,

Opt. 001, rear panel connections
8903A-K85 Switching Module
59306A Relay Actuator
8498A Opt. 030 Attenuator, 30 dB 25 watt
85F Computer System, HP-IB interface
11723A Application Pac program tape
10833A Low-RFI HP-IB cable, 1 m (3 required)
11035A BNC-banana cable, 30 cm
11170A BNC cable, 30 cm
11170B BNC cable, 60 cm (2 required)
11170C BNC cable, 1.2 m (2 required)
11500B N cable, 60 cm (2 required)

Rear-panel connector options for the instruments are not
required for proper operation. However, if the instruments
have front-panel connectors, some of the cables will need
to be longer.

Figure 2 is the block diagram of the test set. The signal
pathsin the test set are controlled by the 8903A-K85 Switch-
ing Module. This device has two modes of operation,
transmit and receive. They are selected with an external
contact closure. This closure is provided by the 59306A
Relay Actuator. Figures 3A and 3B show the instrument
configurations for testing a receiver or transmitter.

To connect the equipment as shown in Figure 2, follow
these steps:
1) Turn off ac power to all instruments.
2) Insert the /O ROM and HP-IB interface supplied with
the controller into two of the slots in the unit’s rear panel.
3) Using the free end of the HP-IB interface cable and the
three 10833A cables, connect the signal generator, audio
analyzer, modulation analyzer, and relay actuator to the
HP-IB interface.
4) Using the two 11170C 1.2 m BNC cables, connect the
audio analyzer Input and Output to the corresponding
connectors on the switching module. Set the FLOAT/GND



switches on the audio analyzer front panel to the GND
position.

5) Using the 11170A 30 cm BNC cable, connect together
the modulation analyzer Time Base Output and the signal
generator Time Base Input.

6) Using the 11035A BNC-banana cable, connect the
switching module Control connector to the 6A and 6C
binding posts on the relay actuator.

7) Using the remaining cables, connect the signal genera-
tor RF Output and Modulation Input and the modulation
analyzer RF Input and Modulation Output to the corres-
ponding connectors on the switching module,

8) Attach the 30 dB attenuator to the RF connector on the
front of the switching module.

9) Connect the transceiver to the connectors on the front
panel of the switching module, If the transceiver requires
an external audio load resistor, connect it in parallel with
the SPKR IN port on the switching module.

10) Turn on all instruments and the unit to be tested.

HP-IB Table 2 lists the HP-IB addresses for
the instruments in the test set.

Addresses These addresses, which are set at

the factory before shipment, are
required for proper operation of the 11723A Application
Pac software. To display the addresses for each instrument:
8901A: key in 21, SPCL. The display, which is in binary,
should be 01110.000 (decimal 14).
8903A: key in 21.1SPCL. The display, which is in decimal,
should be 28.
8656A: press HP-IB ADRS key. The display, which is in
decimal, should be 07.
59306A: the address switches on the rear panel should be
set as shown in Figure 4.

The procedure for changing the address of the 8901A,
B903A, or B656A requires resetting switches inside the
instrument. Refer to Section 2 of the appropriate Operating
and Service Manual for details.
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Figure 2. 8903A-E85 Transceiver Test Set block diagram.
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Before attempting to operate
the test set automatically, the

Verification
Procedure connections should be verified.
To do this, with a known good

transceiver follow these steps manually:
1) Set button 6 on the relay actuator to the out (off) posi-
tion. This selects the signal paths in the switching module
used for receiver tests.
2) Set the signal generator as follows:

Frequency: receiver frequency

Modulation: external, select test deviation/depth

Output level: =17 dBm
3) Set the audio analyzer as follows:

Source frequency: 1 kHz or as desired

Source level: +3 dBV
4) Verify that the signal generator EXT HI and EXT LO
indicators are off. If one is on, check the audio source level
and the connections between the audio analyzer Output,
the switching module, and the signal generator Modulation
Input.
5) Press the AC LEVEL key on the audio analyzer. The
display should now be indicating the audio output voltage
from the receiver. The reading should be stable and it
should change as you vary the receiver volume control. If
not, check the connections between the signal generator
Output, the switching module, and the transceiver antenna
connector. Also check the connections between the re-
ceiver audio output, the switching module, and the audio
analyzer input.

Table 2. HP-IB addresses.
e

Address
Instrument
Decimal Binary
89071A 14 01110
8903A 28 11100
8656A 07 0011
59306A 16 10000

v v v

| ADDRESS
ESS  (SEE BOTTOM)

o SWITCHES

Figure 4. 59306 address switch settings.

6) Setbutton 6ontherelayactuatortothein (on)position.
This keys the transmitter and selects the transmitter signal
paths in the switching module.
7) Verify thatthe transmitter has been keyed. If not, check
the connection between the relay actuator and the switch-
ing module, and the transmitter key connection to the
switching module. Also check that ac power has been ap-
plied to the switching module.
8) Pressthe RFLEVEL key onthe modulation analyzer. The
display should show the transmitter output power, divided
by 1000 (because of the 30 dB attenuator). If not, check the
connection between the modulation analyzer Input and
the switching module.
9) Selectthe AM or FM mode of the modulation analyzer,
as appropriate for the transceiver. The display should show
the peak modulation in percent or kHz. The audio source
output level is high for most transceivers, so you will proba-
bly observe the limiting value. If you see only residual
modulation, check the connection between the switching
module and the transmitter audio input.
10) Pressthe DISTN key on the audio analyzer. The display
should show the transmitter audio distortion. If the display
shows no signal (two dashes), check the connection be-
tween the modulation analyzer Modulation Output and
the switching module.

This completes the verification of interconnections for
the test set.

The program contained on
the 11723A tape cartridge is a
general-purpose test pro-
gram which makes fourteen
common tests for AM and FM

Application
transceivers. Figure 5 is an
Pac SOftware example of the test package

printout. To run this program, insert the tape cartridge into
the HP-85 controller and turn the controller on. The pro-
gram should automatically load and run.

The first time the program runs after the controller is
turned on, the controller’s internal clock must be set. The
program will ask for the current date and time. After each
entry, press END LINE. The program then asks several ques-
tions about the transceiver test conditions. Again, press
END LINE after each entry.

When the test conditions have all been entered, the cal-
culator will display a heading, the name of the operator and
the radio identification. If you want to make a hard copy
from the display before going on with the test, press (shift)
COPY. Anything in the display may be copied by doing this.

To start the transmitter test, press CONTinue. The test
results will appear on the screen as the tests are completed.
When all of the tests are complete, the calculator will beep.
Press CONTinue again to go on to the receiver test. Before

Operating
the 11723A



testing the receiver, the program will prompt you to adjust
the receiver volume control for the rated audio power.
Adjust the volume control until the blinking arrow is in the
bright center portion of the display. After this is done, the
receiver tests will begin. After these tests are finished, press
CONTinue once more to see the receiver audio response.
As each of the tests is in progress, you can watch the instru-
ments and see the results appear in the displays. This feature
is very helpful when developing new test procedures.

After the tests are all finished, you may press CONTinue
againto print the total elapsed test time. This is the time that
the test set actually spent testing the transceiver, and does
notinclude waiting time between tests. To repeat the entire
test using the same test conditions, just press CONTinue
again.

Table 3 is asummary of the keys and commands which are
useful with the test set.

Table 3. Test set command summary

Key/Command Action

RUN Restarts program execution

END LINE Terminates any data entry

CONT Go on to next part of test; restart test if
finished

(shift)COPY Copies CRT screen to internal printer

CONT 7100 Restarts transmitter test*

CONT 7200 Restarts receiver test*

CONT 7300 Restarts audio response test*

*Press END LINE after typing in these commands. The test
conditions must have been entered before using these
commands or an error will result.

The 11723A Application Pac pro-
so&ware gramis acomprehensive demon-

Explanatlon stration/starter program, which

illustrates how to use the instru-
ments with a controller. It is capable of testing most AM and
FM communications transceivers in its basic form, and it
may be expanded to do any test which the instruments can
do manually. The program has a modular structure so that it
is easily modified and customized for specific applications.
The structure is outlined in Figure 6, and further explained
in the following section, which also contains a brief descrip-
tion of each module and how to use it. The annotated
program listing at the end of this note shows how these
modules have been used to create the 11723A Application
Pac test package. You may use these modules in a similar
fashion to write your own test package.
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The software modules consist of a main program (starting
at line 7000) and three types of subroutines: instrument
subroutines, measurement subroutines, and utility subrou-
tines. The instrument subroutines are used to control the
instruments themselves and to make many of the measure-
ments. For example, there are subroutines to set the signal
generator RF frequency and to measure audio distortion.
Many transceiver measurements are made directly by the
instruments. For these measurements, instrument subrou-
tines are all that is required.

More complex measurements like usable sensitivity, in
which the receiver output SINAD or S/N ratio is measured
as the signal generator level is varied, are made using mea-
surement subroutines. These subroutines call the instru-
ment subroutines and have additional computation and
logic (IF. .. THEN) statements included to control the mea-
surement process. Because the instruments themselves
have internal microprocessors which do much of what is
required to test a radio, there are only five measurement
subroutines in the program.

0 5000
Intro
Subroutine s Utility
Directory ubroutines
1000 6000
Transmitter
s :653;:\ Measurement
udranlines Subroutines 6500
Receiver
2000
7000
8901A Data
Subroutines Entry
7100
Transmitter
3000 Tests
Main
Program 7200
8903A R:_ceiver
Source anie 7300
Subroutines "
Response
4000 8000
9000
B903A
Analyzer Graphics
Subroutines Subroutines
5000 9999

Figure 6. 11723A Application Pac software structure.
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The utility subroutines are used to perform overhead and
control tasks. They initialize the instruments, control the
8903A-K85 Switching Module, and provide an elapsed time
function. These subroutines are most often called at the
beginning and end of test groups to configure the test set
for the desired measurements.

The main program contains statements which call the
subroutines and display the results. The main program also
does unit conversions where necessary, and it provides the
subroutines with the information needed to run the tests,
such as test conditions and initial estimates. The main pro-
gram also has four subroutines which create display gra-
phics. These are located at lines numbered 9000 and above.

The operating manuals provided with the controller and
the instruments contain more information about the pro-
gram codes and protocols required for HP-1B operation.
Many of the program codes also appear on the instruments’
front panels, near the corresponding keys used in manual
operation.

This section contains a descrip-

Su brout'ne tion of each of the subroutines
Descrlptlons included in the 11723A Appli-

cation Pac. The information in-
cluded here is helpful when using the subroutines to build
test packages and when modifying the 11723A Application
Pac program.

Function, Calling Syntax, Condition/Variables/Description

8656A Signal Generator

RF level GOSUB 1100 A = level, dBm. K = antenna
attenuator, dB. Sets RF level at attenuator output.

RF frequency GOSUB 1200 A = frequency, MHz.

FM deviation GOSUB 1300 A = deviation, kHz.

AM depth GOSUB 1400 A = depth, percent.

8901A Modulation Analyzer

AM depth GOSUB 2100 Sets A to depth in percent.

Count freq. GOSUB 2200 Sets A to input frequency in Hz.

De-emphasis GOSUB 2300 A = de-emphasis, ps. B =0 for
pre-display off, 1 for pre-display on.

Detector GOSUB 2400 A = 1 for peak+, 2 for peak—, 4 for
average. B = 0 for peak hold off, 1 for peak hold on.

Filters GOSUB 2500 A = high pass frequency, Hz (0=none).
B = low pass frequency, kHz (0 = none).

FM deviation GOSUB 2600 Sets A to deviation in Hz.

Power GOSUB 2700 Sets A to peak envelope power in
watls.

Data GOSUB 2800 This subroutine makes another mea-
surement in the current mode and puts the result in A.



Fix mod range GOSUB 2900 This subroutine fixes the
modulation range to the current value, suppressing
autoranging.

8903A Audio Source

Frequency GOSUB 3100 A = frequency, Hz.

Level GOSUB 3200 A = level, dBV.

Source only GOSUB 3300 Displays source settings.
Source off GOSUB 3400 Sets source amplitude to 0.

8903A Audio Analyzer

AC volts GOSUB 4100 Sets A to rms input voltage.

Distortion GOSUB 4200 Sets A to input distortion in
percent.

SINAD GOSUB 4300 Sets A to SINAD in dB.

S/N GOSUB 4400 Sets A to signal-to-noise ratio in dB. The
audio analyzer source must drive the device being tested.

Watts GOSUB 4500 Z = load impedance, ohms. Sets A to
equivalent input power in watts.

Data GOSUB 4600 This subroutine makes another mea-
surement in the current mode (except frequency
count) and puts the result into A.

Freq. count GOSUB 4700 Sets A to input frequency in Hz.

HP/BP filters GOSUB 4800 A =0 for no filter, 1 for 400 Hz
HP, 2 for psophometric.

DC volts GOSUB 4900 Sets A to dc input voltage.

Utility

Initialize GOSUB 5100 /nitializes the instruments and HP-1B
interface for proper test set operation.

Transmit GOSUB 5200 Selects the transmitter signal paths
in the 8903A-K85 switching module.

Receive GOSUB 5300 Selects the receiver signal paths in
the 8903A-K85 switching module.

Timeout GOSUB 5400 Prints diagnostic message and stops
program execution. Returns HP-IB to local mode.

ET Clear GOSUB 5500 Sets elapsed timer to 0.

ET Start GOSUB 5600 Starts elapsed timer,

ET Stop GOSUB 5700 Stops elapsed timer. Elapsed time is
available in the variable T1.

Measurement Subroutines

Squelch Test GOSUB 6100 Checks transmitter for the
presence of a subaudible squelch tone. If a tone is pres-
ent, Qissetto1, QOissettothetone frequency, Q1 isset
to the squelch deviation, the modulation analyzer filters
areset to 300 Hz and 15 kHz, and the audio analyzer 400 Hz
filter is selected. If the squelch toneis absent, Q isset to 0
and the modulation analyzer filters are set to 50 Hz and
15 kHz.

Microphone Sensitivity GOSUB 6200 A = Initial sensitivity
estimate, dBV from 600 ohms. B = Audio source fre-
quency, kHz. M = Desired modulation, percent or Hz.
U=1for AM, 2 for FM. Sets A to the audio level, in dBV
from 600 ohms, which will deliver the modulation speci-
fied by M.

Modulation Limiting GOSUB 6300 A = Microphone sen-
sitivity, dBV from 600 ohms. U=1 for AM, 2 for FM. Sets
B to peak limiting in Hz or percent. Sets C to steady-state
limiting. Sets transmitter for rated modulation.

Receiver Sensitivity GOSUB 6500 A = estimated sensitivity,
dBm. U =1 for AM, 2 for FM. Y =1 for US/EIA, 2 for
Europe/CEPT. P=rated receiver audio power, watts. Z=
audio load impedance, ohms. Calls subroutine 6600,
receiverset. Sets A to level in dBm required to produce 12
or 20 dB SINAD (FM) or 10 dB S/N (AM).

Receiver Set GOSUB 6600 R = receiver channel frequency,
MHz. U=1 for AM, 2 for FM. P = rated receiver audio
power, watts. Z = audio load impedance, ohms. M =
modulation desired, percent or Hz. Q2= desired squelch
tone frequency, Hz (0 for none). Sets B to actual audio
power set by operator. Uses 1 kHz audio tone. Sets the
instruments as specified by R, U, P, Z, M, and Q2 for
receiver tests.

Table 4 is asummary of the variables to

Progra’m which the subroutines refer as they
Varlables make their measurements. These vari-

ables may be set in any convenient
fashion. In the 11723A Application Pac program, most of
them are specified by the operator in response to the
prompts generated in the program lines numbered 7000
through 7099.

Table 4. Program variables,
e e T e S T

R Receiver frequency, MHz
T Transmitter frequency, MHz
P Receiver rated audio power, watts
z Receiver audio load impedance, ohms, (maximum 999)
u Set to 1 for AM transceivers, 2 for FM
M Test modulation, percent (AM) or Hz (FM)

(used for microphone sensitivity and all receiver

tests)

v* De-emphasis, microseconds
K Antenna pad attenuation, dB

Q2* Receiver squelch tone frequency

(0 for none); deviation will be 33% of M
Y Set to 1 for EIA standards, 2 for CEPT
T Elapsed test time, seconds

*Used for FM transceivers only. Must be set to 0
for AM transceivers.

In addition, the following variables are used by some
of the subroutines for temporary storage: A, B, C, D,
E, A1, B1, N.

Q, QO, and Q1 are set by the squelch test routine.

T0 is used by the elapsed timer and should not be
changed while the timer is in use.
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TRANSCEIVER TEST SET

117232A APPLICATION PAC
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GOTO 7608 | START OF PROGRAM
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SUBROUTINE DIRECTORY

SESEA AFXEEXREREERELRERL Y
1188 RF LEVEL

1208 RF FREQ

13889 FM DEV

1489 AM DEPTH

B901A FFXEXFXEEIRERILREERD
2188 AM

2288 COUNT

2386 DE EMPHASIS

24806 DETECTOR

2500 FILTERS

2688 FM

27ea PEP

2888 DATH

2988 FIX MOD RANGE

S903A FFXXEXFERLIRELRERRRN
3186 AF FREQ

3288 AF LEVEL

3386 SOURCE ONLY

3480 SOURCE OFF

4188 AC VOLTS

4200 DISTORTION

4368 SINAD

4406 S-N

45680 WATTS

4668 DATA

4786 AF COUNT

4886 HP-BP FILTERS

4986 DC VOLTS

UTILITY ®fFkfrdtsrfiissss
5188 INIT

52pa XMIT

5308 RLV

54086 TIMEOUT

55688 ET CLEAR

5608 ET START

578@6 ET STOP

MEASUREMENT ¥X¥fkkfdisxsd
6186 SQUELCHTEST

6288 MICSENS

6386 MODLIM

6508 RXSENS

6680 RAXSET

~

Title Block

Y

First main program line is 7000

> This section lists the starting line numbers for all of the subroutines
in the 11723A Application Pac program,
Information about how to use the subroutines
is contained in the previous section.

Literal image used for general-purpose output statements. Causes characters

MAGE K

1o be sent exactly as specified without trailing blanks.

86506A Subroutinges er— — ———————————
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QUIDIVEDDOD

! 885SER INST SueS

Set RF Level in dBm at attenuator output

! RF LEVEL<RA).dBm

Image for 8656A amplitude

IMAGE "AFP".40.0,"DM"
OUTPUT 787 USING 1118 . FA+K
RETURHN

I

K = attenuator value in dB (correction)

Set RF frequency in MHz

! RF FREGC(A>.MHz

Image for 8656A frequency

IMAGE "FR".3D.SD."M2"
OUTPUT 787 USING 1218 : A
RETURH

1

Set FM deviation in kHz

I FM DEVC(A), kHz



P e s ek e ek Bt s
P N R A

IMAGE "FM".2D.D."KZ"

OUTPUT 7é7 USING 1318 ; A
RETURN
i

! AM DEPTHC(A).%

Image for 8656A deviation. Does not specify modulation source

Set AM depth in percent

IMARGE “AM".DD.D."PC"

OUTPUT 7@a7 USING 1416 : A
RETURN
!

Image for 8656A depth. Does not specify modulation source.

t;s"’rll‘u!;lll’rt)lltil“ESiI---------------------..-------

20009
a
1
1

MW o
SWEMN =G

) ==+ =

2218

8981A INST SUEBES

!
!
' AMCADY %

OUTPUT 714 USING 299 , “MiT
o
ENTER 714 , A

Measure AM depth

M1 = AM; T3 =Trigger with Settling

RETUEN
!
! CNT FRQC(A»,Hz

A will be in percent

Measure input frequency

OUTPUT 714 USING 999 ; "MSA
U7 1SP4 15PT2"

M5 = Frequency; 7.1 SP =10 Hz Resolution; 4.1 SP = Track Mode; T3 = Trigger

A will be in Hz

ENTER 714 : A
OUTPUT 714 USING 2539 ; “AU"

Clear special functions

IF (A-900000R0AB00)/168%16 TH — Possible error: if input frequency >1 GHz, cannot use 10 Hz resolution (too many digits)

EN RETURN

OUTPUT 714 USING 399 . 13"
EHNTER 714 . A

I}’ETURN

If error, make another reading with 100 Hz resolution

| FM DEEMPHC(A,B).uS
Al=MINCA, 188>
IMAGE “P*.D."P".D

Set FM de-emphasis. A = 25, 50, 75,750; B=0, 1

Statements convert value in us to codes PO through P5

QUTPUT 714 USING 2328 ; BIB‘I

SAL/25+CA1>=25)
RETURHN
!

| DETCH.EB)

Select detectors A=1,2,4;,B=0,1

IMAGE "D",D
OGUTPUT 714 USING 2418 : H

Converts values to codes D1 through D4

IF B=A THEN RETURHN

OUTPUT 714 USING 999 : "Dp3*
RETURH

]

| FLTCA.B)

Code D3 if B # 0 (peak hold).

Al=CA A+ (A>5G)

BEl=(B>B +(B>32)+(E>15)

IMAGE “H".D."L".D

OQUTPUT 714 USING 2536 : Al
E1

FETURN

1

|
J

Select filters. A =0, 50, 300; B=0, 3, 15, 20

Convert values in Hz, kHz to codes HO—H2 and L0—L3

Measure FM deviation

I FMCAD, Hz
OUTPUT 714 USING 993 ; “mM2T
3%

M2 = FM; T3 = Trigger with settling

ENTER 714 USING 939 ; A
RETURHN
|

A will be in Hz

I PK ENV PWRCA) . WATTS

Measure PEP
M4 = Power; T3 = Trigger with settling

A will be in watts

QUTPUT 714 USING 999 ; "M4T
_:.M

EHMTER 714 : H

RETURH

]

| DATACA)

Make another measurement

QUTPUT 714 USING 299 ; "T3*
ENTER 714 ; A

RETURN

1

Trigger, use same mode (M1—M5) as last measurement

Fix modulation range; suppress auto-ranging

! FIX MOD RANGE
OUTPUT 714 USING 999 ; “SST
2" | DISP CURRENT SETTINGS
ENTER 714 USING “X¥.D" ; A

SS = display instrument settings; T2 = trigger

IMAGE "2 .",D,"SP"

Read only mod. range digit. Ignore others

OUTPUT 714 USING 2938 ; A
lf‘ETURN

Image for 8901A mod. range



8903A Subroutines (!;()lll‘:i!) [ e e

Taan
3818
2100
2116
2120
3138
2140
3200
2z1a
2220
2230
2299
2200
2310

33z2a
232308
2490
2410

24z
2499

1
1
| FROCA) ., kHz

2983R INST SUES - SOURCE

IMAGE "FR".DOD 4D, "KZ2"
OUTPUT 728 USING 2118
RETURN

1

Set audio frequency in kHz

Image for 8903A source frequency

! LEVC(AH), dBv-6860
IMAGE "AP".30. D0, "DV"

QUTPUT 722 USING 3218 |

RETURHN
!
! SOURCE OHNLY

Set audio level, dBV EMF. Note: 8903A source has 600 () impedance

Image for 8903A source level

OUTPUT 728 USING 293
SPT3"

RETUEN

1

| AF SOURCE OFF

“18

Display source settings

10.5P = display settings; T3 = trigger

QUTPUT 728 USING 999
MUIJ

RETURN

!

"APG

Set audio amplitude to 0 (not possible in dBv)

APOMYV = amplitude 0 millivolts

ti!)‘):’l\.!illl)f‘)lltil]‘lﬁi(}\Jlilljﬁllﬁr) S S ]

44840
4314
41808
4110

4120

4820
4830

4900
4910

4920
4930
4999

! 89@3A INST SUBS - MERAS
'

I RACYC

A
OUTPUT 72& USING 3999

Measure ac rms level

A will be in volts

A will be in percent

Measure SINAD using notch method

A will be in dB

oy "M1T M1 = ac level; T3 = trigger with settling
ENTER 728 ; R

RETURN

|

| DISTWAY. Y Measure harmonic distortion, notch method.
gUTPUT 723 WSING 2939 "M3T M3 = distortion; T3 = trigger with settling
ENTER 728 ; A

RETURN

|

! SINADCH) . dE

gl'..lTPlJT 728 USING 299 ; "M2T M2 = SINAD:; T3 = trigger with settling
ENTER 728 ; A

RETURH

1

I S/NCAY, dB Measure S/N ratio, switching 8903A source
gUTPUT 728 USING 2939 "s2T7

$2 =5/N ratio; T3 = Trigger with Settling

2
ENTER 728 : A
RETURN

[

| WATTSCAL 23, MATTS . LOADG

IMAGE "“19 . ",32,"SPT3"

A will be in dB

Measure equivalent power into load =Z01

19.NNN 5P = watts into NNN(]

Set NNN =value specified by Z

A will be in watts

T3=tri Eer with settling

e in same units

Count audio frequency

A will be in Hz

RR = right display

Set HP/BP filters. A =0, 1, 2

Convert values to codes HO—H?2

Measure dc level

OUTPUT 728 USING 4514 : Z

ENTER 728 : R

FETURN

!

! DATACA» Make another measurement (except frequency)
OUTPUT 728 USING 999 wrT3n

ENTER 728 : R A wil
FETURN

!

! AF CNT{A).Hz

E?;EUT 722 UUSING 223 "MLF M1 = ac volts (fastest mode); RL = left display (frequency)
ENTER 728 ; R

OUTPUT 722 USING 299 "RR"

RETURN

1

I HP/BF(A)

IMAGE "H".D

OQUTPUT 728 IUUSING 4816 F(_T

RETURN

[

| DCWOAD

OUTPUT 728 USING 2999 “S1T

3
ENTER 728 ; A

51 =dc level; T3 = trigger with settling

A will be in volts

RETUREN

10



9199
5260
Sz1e
5220
5299
S3a0
5210
S320
5299
5460
S541@
5420
54320
$499
5500
551@
5520
5599
S600
S616
S620
S699
S7ea
S71@
S7:208
5736
S799

Measurement Subroutines (Transmitter)

L1
o
[

APRADPOHIRAHD R
e e S s S e e
DAL L WN o= —
oUoicoolaod

: UTILITY SUBS

Initialize interface and instruments

I INIT

HP-IB initialization

ABORTIO 7
CLERR 7
FEMOTE 7 J

SET TIMEOUT 7.10886 Y

ON TIMEOUT 7 GOSUB S48a.J

10 second timeout to trap missing instruments

OUTPUT 787 USING 999 ; “"S1A
MFM™

OUTPUT 714 USING 999 : “CLA
U? 1SPDIHIL1PBCBRAM2Z"

B8656A: select external mod. source

B8901A: initialize detectors, filters, deemphasis, measurement modes

OUTPUT ?71€ USING 299 , "B12
456"

QUTPUT 7238 USING 999 ; "“16
15F, 1@ SP*

l';'El’URN

IOXMIT
OUTPUT 716 USING 999 ;. "HE"

59306A/8903A-K85: select receive mode

8903A; full resolution on SINAD, 5/N (16.1 SP); display source settings (10.SP)

RETURN
!

! RCV
QUTPUT 716 USING 999 ; "BE

RETURN
1
! TIMEOQUT ROUTINE

59036A/8903A-K85: select transmit mode

59036A/8903A-K85; select receive mode

Return instruments to local mode

LOCAL 7

PRINT "“*TIMEOUT ERROR%"
STOP

Print warning message

Terminate program

! ET CLEAR

Clear elapsed timer function

Ti=8
RETURN

! ET START

T1 = total elapsed time

TO: start interval time

Ta=TIME
RETURN

!

! ET STOP

Add time since T0 to T1

TI=T1+TIME-T@

Te=TIME
RETURN

Reset T0 to avoid double-counting

Checks for subaudible squelch tone

! SQUELCHTEST

8 A=50 ! HP Hz

Set B901A filters; 50 Hz - 15 kHz BW

B=15 | LF kHz
Gosue 25e@ 1 FLTS

GOSUE 26w ! FM

IF A<208 THEN 0=8 @ RETURN

Measure FM

If less than 200 Hz deviation, no squelch

@=1 ' S@ ON

Squelch tone present

Q1=A | DEV
GOSUB 47B3 | AF CNT}

Q1 = deviation in Hz

QA=A ! SQ FR@
A=320a | HP H=z

QO =squelch frequency in Hz

B=15S ! LP kHz I
GOSUE 2508 ! FLT
A=1 | 488Hz HP .

GOSUE 480G | HP-BPY
RETURN

Set B901A filters: 300 Hz - 15 kHz BW

Minimizes effects of squelch on mic, sens. routine
Set 8903A 400 HP filter for transmitter distortion measurement

Finds microphone sensitivity

Temporary storage of initial estimate

B 1
OSUB 31884 | AFFS
ﬂN U GOSUB Z21e6,.2608 | AM.F

A=C | dBv \

Set test frequency to B
Use either AM or FM, as specified by U

GOSUB 3Z2ea | AFLS
GOSUB 2888 | DATA

Set level of audio source
Make another AM/FM measurement

C=C+28XLGT(M A> ' NEW EST

éEeHBS(IN—R>/H><.325 THEN &

IF C>-64 AND C<15 THEH 6225

Estimate new audio level using extrapolation

If error <2.5%, then close enough

If new level not too large or small, try again

PRINT "$¥MICSENS FRILED*"

A=C ! SENS dBwv
RETURHN
1

n

Otherwise print warning and return

A = Best estimate of microphone sensitivity



Measurement Subroutines (Receiver)

£5aa
€585
6510
€519

€517

€528
€525
6530
€535
£540
£545
6558

6555
6566
£565
6578
6575
€580
6585
£598
£595
6599

€600
6682

6604
€606
6608
6616
6612

| mooLIm Measures modulation limiting

GOSUE 3Z2@éa | AFL Set audio level for rated modulation (A)
0O=A Temporary storage for A
EH Il GOSUE 21@@.2668 ' AM.F Use either AM or FM as specified by U
WAIT Soa Wait for instruments and UUT to settle
A=1 ! Pk + ‘L

E=1 ! HOLD Set 8901A detector: peak hold, (+)
GOSUE 2488 | |3ET4r

E=MINC1S.5,D+2@>-D E = amplitude increment. 20 dB used unless it exceeds 8903A capabilities
IMAGE “AN".DD.DD. 'DBUPT‘EDNTI

2UpP”
OUTPUT 728 USING 6345 ; E J

Increment amplitude up, down, up

GOSUB 28wB ! DATA Read back peak instantaneous modulation
E=H Store in E (temporary)
A=1 | PK + 1

E=@ | HOLD OFF Turn off peak hold
Gosue 24ee 1 DETJS _
GOSUB 28@@ ' DATA Measure steady-state modulation
C=A

B=E }— Set: A back to mic. sensitivity; B to instantaneous limiting; C to steady state limiting
A=D

GOSUB 328@ ! AFL Reset audio level for rated modulation
RETURHN

| RXSENS Receiver Sensitivity
C=A ! EST SENS Temporary storage for initial estimate
GOSUB 6681 | RXSET Set instruments for receiver tests
ON I} GOSUE 4498,432688 ! SN.S For AM, measure S/N ratio; FM, measure SINAD
IF ¥=2 THEN OQUTPUT 728 USIN For CEPT, use P53 psophometric filter (H2)
G 999 ; "7 1SP.H2" | PSOPH Enable meter for >24 dB range (7.1 SP)
FILT
A=C X : T
COSUB 1180 | RFLS Set RF level to initial estimate
GOSUB 46@8 ! DATA Measure S/N or SINAD
A=2¥U+3%Y-A ! ERROR TERM Calculate error in dB from 10, 12, or 20
C=C+A/2 | NEW EST New sensitivity estimate
IF ABSCA><1 THEN &5&S If error small, then finished
rI‘{F C+K>==127 AND C+K<13 THE If new estimate within 8656A range, try again
8528
PRINT "¥RXSENS FRAILEDX%" Otherwise, print failure message
RETURH
IF U=1 THEMN A=C ® RETURN AM tests: complete
GOSUE 458@ | WATTS FM tests: measure audio power
IF A> .S%F THEN A=C @ RETURH If >50% of rated, then finished
C=C+1BXLGTC SS¥F A Increment RF level to increase audio power
A=C
GOSUB 118G ! RFL S Set RF level
GOTO &578 Loop to measure power
!
| RXSET Set instruments for receiver tests

Power mode inserts full attenuation between 8901A mixer and RF port. Reduces LO feedthru

GOSUB 2788 ! PEP - ELIMINAT
ES 8961 LO FEEDTH{«’U

A=R ! MHz - | | :

GOSUB 1288 ! RFF { Set 8656A to receiver channel frequency

A=-47 | dBm

GOSUB 1188 ! RFL{ Set B656A level to -47 dBm (1000 uV)

A=1 | kHz : )

GOSUE 3188 | AFF S Set 8903A source to 1 kHz
— 1

Eogué gg;g 1 HFL} Set B903A source to 3 dBV, for rated modulation with 8656A

A=M ! MOD %~ Hz

IF U=2 THEN 6658 ! FM

o 1ed0, & XA Set B656A modulation

GOTO 6698
A=A-1888 | Hz+kHz
GOSUB 1368 ! RFD

IF NOT @2 THEN 6698 | NO §@————————Next six statements generate subaudible squelch tone. Skip if no squelch
UELCH
OUTPUT 787 USING 999 ; "“S3F Internal 1 kHz mod source on

M" ! INT 1kHz

OUTPUT 728 USING 999 ; "FR1 Set SINAD notch to 1 kHz; set source to 1 kHz (FR1KZ), SINAD mode (M2T3), freeze

KZM2T36.1SP" | FREEZE SINAD notch frequency (6.1 SP)
NOTCH @ 1kHz

Eggﬁélg?gal IH:;#HZ se FRQ} Set source to squelch frequency

12



€688

6685
6690
6692
6694
6696
6699

Measurement Subroutines (Level Set)

£700
€705
Eva7
€718
6715

6720
6725
£730

€731

732
€735
6740
6745

£75d
£755
6756

6760

6765
BR767

£778
E77S
£730
E7ES
€793
£2a0
£205
£21@
€815
6220
6825
€829
62830
€235
£240
£845
6850
€855
6260
E865

£8va
E875

6350
ER39

Main Program — Data Entry

7830
7ea2
7ao4
7886
7002
va1a
ralz
7al4
7A1E
rais

=-6.632 ! 33% OF RATED DEV 1

FOR SQUELCH TONE Set source level for 33% rated deviation
GOSUB 3288 ! AFL %

A=8 | FILT OFF :
GOSUB 4806 | HP/BP S 8903A HP/BP filters off
GOSUB 6788 ! SETLEVEL Set receiver for rated audio power

RETURN
1

' SETLEVEL Subroutine prompts operator to set receiver audio level
DEG ® Al=48 Initialize HP-85 for graphics to be used
WAIT 586 Wait for UUT output to stabilize
GOSUE 4588 ! WATTS Measure power
i; ABS CA-PYs/P)><¢ A5 THEN €7 If within 5% of rated power, finished
-

GOSUB S7@a | ET STOP Stop timer while operator sets level
GOSUE 6832@ | SETUP DISF Set up display graphics

ACVOLTS RANGE

B=-2 S¥LGT(PX¥2)+11 | 29@3A 1
IMAGE "1 ".DD."SP19.%,3D,"S

Calculate and set optimum 8903A ac range

Pra" This eliminates aut i hich i te. TO = f
OUTPUT 728 USING 6731 ; B.2 is eliminates autoranging, which increases the measurement rate. T0 = free run
H=@ In-range counter cleared
GOSUB 6288 | ARROWOFF Turn old arrow (pointer) off
A1=48+ATNC4 4¥LOGCA P+ BARB o
1)2/2 ' CALC DISPLAY POSITI Calculate new position
N f Log and arctangent functions give smooth display
GOSUE 6318 | ARROWON Turn on arrow at new position
ENTER 728 ; A Read new power
IF A>980v0A0008Q THEN B=0 @ " :
GOTO 6732 ' OVERLOAD: USE A Check for overrange in fixed range mode. If overrange, use autoranging
UTORANGE

IF ABSC<CA-P »/P)>> @5 THEHN £7 If error >5%, go around again
3S

N=N+1 @ [IF N<6 THEN &740 Must have 6 readings within 5%
EETPUT 728 USING 993 ol 591 - | Finished. Turn auto-range back on (1.0 5P)
GOSUB 5688 | ET START Start timer again
B=A B = actual set power
ALFHA Turn off graphics mode
RETUREN

1

PEN -1 Pen mode = erase
GOTO &815 )
FEN 1 Pen mode = write
MOVE 12,A1 Position pen
LABEL ">*" Write or erase arrow
RETURN

1

! SETUP DISPLAY

gglﬁgﬂR @ LDIR @ R PEN 1 }— Clear display; label direction horizontal; pen mode = write; turn on graphics mode
SCALE ©,1688.6, 100 Set scale on X & Y axis
YAXIS 28,6 25 Main scale
$2§}g ég g:g::g ;g'gg gg } Intensify center portion of scale
MOVE 26,54 @ LABEL "Adiust

;eceiver volume" 1

12:5]_.%&»‘:3"9 EABEL. “for ind Operator instructions
MOVE 26.42 R LABEL "center

ranae "

FETURH

1

| ENTER TEST CONDITIONS

CLERR Clear display
IF DATE:>198 THEN 7822 Check if timer/calendar has been set
DISP "MONTHC1=-12)>";

INFUT M

DISP “DATEC1=-31)";

INFPUT D :

DISP "TIME(@QAA1-2408)"; Set timer/calendar
INPUT T

SETTIME 6@%(T-40%[P(T-1688) >J'

S18axm+0

13



Main Program — Transmitter Tests

7ig?
71e2
7183
7194
718s
7186
i 1
7188
7189

7110 IMAGE "Hum and noise=",5X.3

CLEAR

Clear display

Pen mode = write

PEHN 1

Initialize instruments and interface

GOSUB 5188 ' INIT
g!SP “PRESS <END LINE> AFTE

DISP "EACH DATA ENTRY." j
DISP

DIM R$L3Z21,N$C321,L$L511]
?ISP “NAME OF TEST DPERATOR Y

INPUT N$
DISP “RADIO IDENTIFICATION®

iNPUT R$
OISP “RADIO TYPEC1=AM,2=FM>

INPUT U
IF UN1 AND U2 THEN 7044
DISP “RECEIVER FREQUENCY CMH

zy; —

INPUT R

DISP “TRANSMITTER FREQUENCY
C(MHz) " ;

INPUT T

$§§§ "RATED AUDID POMERCWAT
INPUT P

oIsP “SPERKER IMPEDANCE(1-9
990>

lNPUT 2z

IF =2 THEN 7874 J
DISP "AM DEPTH FOR TESTC(Xx)"

INPUT M

Operator instructions

Strings for radio & operator identification, HP logo

Enter identification and test conditions

AM parameters, if radio is AM

FOR AM
GOTO 7894
DISP "FM DEVIATION FOR TEST Y
CkHz)";
INPUT M
M=1688%xM ! kHz+Hz
Dé?P “RECEIVER DE-EMPHRASISC
pSI";
INFUT V
DISP "RECEIVER SQUELCH FRER .

R2=0 @ V=8 @ Y=1 ! NOT USEO.[

UENCY (Hz,-"

DISP "(ENTER @ FOR NONE)>";
INPUT G2

DISP "TEST STANDARDS*"

?ISP " (USA/EIA=1.EUR/CEPT=2
INPUT Y

I[F Y#1 AND Y#2 THEN 7891 /
GOSUB 9188 ! CREATE LOGO I__

FM parameters, for FM radios

GOSUB 9388 ! WELCOME
K=3@8 ! dB ATTEN ANT PAD

GOSUB 5588 ! ET CLEAR

Display identification information

Value of antenna attenuator (may be set as desired)

Clear elapsed timer

BEEP @ PAUSE
)

! TRANSMITTER TESTS
IMAGE ~~,7X, "TRANSMITTER TE'L
ST":/ ?x’ll ————————————————

Wait for operator to go on

Heading

i
IHHGE “"Power=",13X,02.D0." t.J'~
atts"

IMAGE "Freauencr=".9X,3D0 SO
¥ L] ﬂHzll

!MRG? “Frea error=".,5¥,70.
" Hz "

IMAGE "Sauelch frea.=".5X.,3

pz2 . 0D," Hz"

IMAGE "Sauelch dev.=",6X,02 L
DO, " kHz" i
IMAGE "Mic. sens =",7X.,30Z2

t‘) " ull

IMAGE "Distortion=",8X.0Z2.0
D. ll'/.li

IMAGE "Mod limitina=".4x.0
0Z DOD.4A

D.D," dB" P

14

Images to display results
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Main Program — Receiver Tests

vzoa
72l

venz

GOSUB Se@d ! ET START Start timer
GOSUB Szeg ! ¥XMIT 59306A/8903A-K85: Transmit Mode
CLERR Clear display
DISP USING 7181 Headin

GOSUE 3488 | AF OFF AF level =0 (for AM carrier power
GOSUB 2788 | PEFP Power measurement
A=A¥1@8~(K-18) | ATTEN CORR Correct for attenuator in signal path
DISF WUSING 7182 ; H _Dm ay result
GOSUB 2288 ! CNT Count transmitter frequency
DISP USING 71832 ; A% @Aaa@al Convert to MHz and display
A=A-T%1@0AA08A | F ERROR Calculate error
DISPF USING 7184 ; A Display error

IF U=1 THEN 7146

GOSUB &188

! S0 TEST

! AM-NO 3@

Skip squelch test on AM radios

Check for squelch tone

IF NMOT @ THEN 7146 | SKIP S
GUELCH RESULTS
DISP USING 7185
OISP USING 7186

==-32 ! dBv EST SENS
AFF
QOSUB 6288 | MICSENS

B=1 ! kHz

C=A

No squelch tone present; don't display

Ga

Display squelch tone frequency
Display devia(tllon, converted to kHz

Q110608

Estimate for microphone sensitivity (= 25 mv)

1 kHz test frequency

Measure microphone sensitivity
Store value for use by MOD LIM routine

A=l@aaxla~C(H- 20>

ODISPF USING 7187
A=Y 1 uS DEM

E=8

Convert from dBV to mV

I dBwamwv

1-H

Display result

GOSUE 2368 | DEMJ
GOSUE 4288 | DIST

Set deempbhasis filters

Measure distortion of transmitter

GOSUB 3388 ! SRC ONLY
DISP USING 7188 i A

Display 8903A source settings (on 8903A)

Display distortion result

A=C

Set A to mic. sensitivity for MOD LIM

GOSUB 6388 ! MODLIM
IF U=1 THEN DISP USING ?1991_

B," %"

Measure modulation limiting

IF U=2 THEN DISP USING 7129 )
: Br18@B," kHz"

GOSUB 2988 | FIX MOD RANGE

GOSUE 4448

Display result in % or kHz for AM or FM

Stop autoranging when measuring S/N ratio
Measure residual hum and noise with 8903A

Display result

!

|
OISP USING 7118 : -A

GOSUB 5786 !

[

Stop timer

GOSUB 53289

59306A/8903A-K85: Receive mode

BEEP @ PRUSE
!

! RECEIVER TESTS

Wait for operator

IMAGE ~~-,8X,"RECEIVER TEST"
J

)£ BR W mmm e D ", 3,
IMAGE “18dE S/N sens. =".3X.
poz . oo, " ey

IMAGE DD."dB SIMAD sens.
X,0D0Z.DD, " wpVu"
IMAGE "Audio power=",6X.002

n

Heading

IMAGE "Sisnal-to-noi1se=",4%
,0D0. D" dB"

IMAGE "Distortion=",8X,DZ2 D
D.‘ ll'/ll

.3D0," watts" J'

Images to display results

Start timer

GUSGB 5688 ! ET START

CLEAR

Clear display
Headin

ODISP WUSING 7281

A=-113 ! dBm EST

Initial sensitivity estimate (= 0.5 xV

GOSUB 6588 ! RXSEN

Measure receiver senstivity
Convert dBm to pV

S
A=10000BAXSORC BSX10~(A-18)
3 | dBm#uwv

IF U=1 THEN DISP USING 7282

i A
IF U=2 THEN DISP USING 7203
i 4+8¥V.A

A=-47 ! -47dBm=1880uvy

Display result using appropriate image

Reference level for audio measurements= 1000 uV

Set level

GOSUEB 1188 ! RFL

GOSUB 4588 | WATTS

Measure audio power

DISP USING 7284 ;

A
IF G2 THEN 7236 ! CAN'T DO
SN WITHOUT 8983 SOURCE

Display result

Skip S/N if 8903A source is used for a squelch tone

Measure S/N ratio

GOSUB 4488 ! S/N

DISP USING 7285 ; A

Display result
Measure receiver audio distortion

GOSUB 4288 ! DIST

DISP USING 7286 ; A

Display result

GOSUB S7eéa@ ! ET STOP

Stop timer

BEEP @ PAUSE
1

Wait for operator



Main Program — Audio Response mmm————

7380 ! PECEIVER AUDIO RESPONSE

7381 IF 02 THEN 7488 = Skip test if 8903A source required for squelch
7782 GCLEAR @ GRAPH Select graphics mode; clear display
7394 LDIR @ Label horizontally
7286 SCALE -509,3400,-14,10 - Scale allows frequency & response to be plotted without conversions
7388 MOVE 586,9 @ LABEL "ARUDIO P i
ESPONSE" Péading
7218 XKAXIS 8,250.0, 38087 i
7312 YAXIS B,1,-10,18 S aidl
7214 FOR A=8 TO 3 ! FRER AXIS )
7216 MOVE 1068%A. -12
;;ég hgg%LnUHL$(HJ \ Label frequency axis
7322 MOVE 7S@,-14 @ LABEL ”FREQUIF
ENCY kHz"
7224 FOR A=-1®8 TO 1@ STEP 5 b

7326 | LEVEL RXIS

73zs HG?S -178-120%((A<A)+{ABSCA
)=183), MINCA-.5.9 1> 2

7330 LABEL VYAL$CA) o Lr— Label response axis

7232 NEXT A

7334 LDIR 98

7336 MOVE -349,-5.2 @ LABEL "RES

PONSE dE" 3 ‘
7232 MOVE 2638.10 @ BFLOT L$.3 1 Display HP Logo
. HF LOGO

k) I PLOT GRAPH -
7342 GOSUB 5698 | ET START Start timer

7244 GOSUB 4188 ! ACY
7346 OUTPUT 728 USING 999 , “FR1 1
KZHBTZ.RILG" | SET o& RATIO Set 1 kHz log reference for ac level measurements, B903A will calceurlrzgfige[;eg;lsl?

7348 éH?BitTTUFF
? = +C A2y 1 .
: CORE EHé%OR ggg*géé:;}{gglgf Deemphasis value at reference frequency
@ 1kHz
735@ FOR F=2@8 TN 3086 STEP 209 Frequency steps
Cipe Bfe 990 1 Set source frequency in kHz
73254 GOSUB 3188 ! A
;356 GOsSuUB 4(1598 ! DE?I{ Measure response (in dB re 1 kHz)
358 A=A-B+18XLGTC(1+C A :
!I-'guwz) ! CORR FcRagggséﬁéé}r Correct for receiver ideal deemphasis curve
;ggg SIEU; Eaﬂ @ PEN 1 lef\gsiit)?rr:qeu‘:{l:?;
: X €
7264 GOSUB 5760 ! ET STOP T litoptlme;
7366 LDIR B abel horizonta
7368 MOVE 11086.6 @ LABEL "*TEST
COMPLETE*" Operator message

7378 BEEP @ PAUSE Wait for operator
|

Main Program _— s

740G | END OF TEST )
e IE‘?EE . DT o Eéf__z,ﬁsg " fgf' ¥ 1me} Print total time for measurements
7484 PRINT USING 7482 ; T1 iy 2

7496 GOSUB 9288 ! TITLE BLOCK Display HP Title Block

7488 PAUSE Wait for operator
7410 GOSUB SSw@d ! ET CLERR Clear timer
7412 GOTO 7186 ! RETEST Restart test
7959 END

Graphlcs Subroutines —EE————————————————————————

Lines 9000-9500. ) )
These subroutines create the HP Logo and Title Block which are
visible in the display at various times.

November, 1980
5952-8241
Printed in U.S.A.



