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CERTIFICATION

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

WARRANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment [,except that in the case of certain components listed in Section [ of this manual, the warranty
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either
repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility 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, duties, and taxes for products returned to -hp- from another country.

Hewlett-Packard 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. Hewlett-Packard 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 outside of the environmental
specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY

DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE.

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.
ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available
Jor Hewlett-Packard products.

For any assistance, contact your nearest Hewleti-Packard Sales and Service Office.
Addresses are provided af the back of this manual.
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SAFETY SUMMARY

The following general safety precautions must be shserved during all phases of operation, service, and repair of this
instrumsnt. Failure to comply with these precautions or with specific warnings elsewhers in this manual violates
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument.

GROUND THE INSTRUMENT

Te minimize shock hazard, the instrument chassis and cabinet must be connected to an elec-
trical ground. The instrument is equipped with a three-conductor ac power cable. The power
cable must either be plugged into an approved three-contact electrical outlet or used with a
three-contact to two-contact adapter with the grounding wire {green} firmly connected to an
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the
power cable meet International Electrotechnical Commission {IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and internal
adjustments must be made by qualified maintenance personnel. Do not replace components
with power cable connected. Under certain conditions, dangerous voltages may exist even with
the power cable removed. To avoid injuries, always disconnect power and discharge circuits
before touching them.

DO NOT SERVICE OR ADJUST ALONE
Do not attempt internal service or adjustment unless another person, capable of rendering first
aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute parts or per-
form any unauthorized modification to the instrument. Return the instrument to a Hewlett-
Packard Sales and Service Office for service and repair to ensure that safety features are main-
tained,

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

. WARNING I

Dangerous voltages, capahle of causing death, ara present in this instrument. Use ax-
treme caution whan handling, testing, and adjusting.




SAFETY SYMBOLS

General Definitions of Safety Symbols Used On Equipment or In Manuals.
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NOTE:

Instruction manuai symbol: the product will be marked with this
symbol when it is necessary for the user to refer to the instruction
manual in order to protect against damage to the instrument.

Indicates dangerous voltage {terminals fed from the interior by
voltage exceeding 1000 volts must be so marked).

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring terminals to in-
dicate the terminal which must be connected to ground before
gperating equipment,

L.ow-noise or noiseless, clean ground (earth) terminal. Used for a
signal common, as well as providing protection against electrical
shock in case of a fault. A terminal marked with this symbol must
be connected to ground in the manner described in the installation
(operating) manual, and before operating the equipment.

Frame or chassis terminal. A connection to the frame (chassis) of
the equipment which normally includes all exposed metal struc-
fures.

Alternating current (power line).
Direct current {(power line).

Alternating or direct current (power line).

The WARNING sign denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the hke, which, if not correctly per-
formed or adhered to, could result in injury or death to personnel.

The CAUTION sign denotes a hazard. It calls attention to an
operating procedure, practice, condition or the like, which,if not
correctly performed or adhered to, could result in damage to Jr
destruction of part or all of the product.

The NOTE sign denotes important information. It calls attention
to procedure, practice, condition or the like, which is essential to
highlight.




Model 3581A/C

Section I

SECTION |
GENERAL INFORMATION

1-1. DESCRIPTION,

1.2, The Hewlett-Packard Model 3581A/C Wave Analyzer
is a portable instrument designed specifically for use in the
audio {15 Hz to 30kHz) frequency range. As a signal
analyzer, the 3581 separates and measures the spectral
components of an input signal. By manually tuning the
3581 across the spectrum, the signal components can be
individually measured and evaluated. By sweeping the 3581
over the band of interest, a complete spectral display can be
plotted with an X-Y recorder connected to the recorder
outputs, For added versatility, the 3581 is equipped with a
rear panel Tracking Oscillator (BFO) output. When this
output is used as an excitation source, the 3581 functions
as a network analyzer for plotting the amplitude-vs.-
frequency characteristics of 2-port networks such as ampli-
fiers, attenuators and filters.

1-3. The amplitude of the tuned signal is indicated on a
large, easy-to-read meter with mirror backing. Absolute
amplitude can be read in dBV, dBm or rms volts; relative
amplitude can be read in dB or percent. The full-scale
sensitivity of the 3381 ranges from 0.1 4V rms to 100V
rms. For logarithmic measarements, the dynamic range is
80 dB.

14. The tuned frequency is indicated by a 5-digit LED
readout which provides 1 Hz resolution. ¥ the analyzer is
tuped below OHz, the frequency digits blank and the
decimal points light to indicate an out of range condition.

1-5. The 3581 has five selectable bandwidths. The 3 Hz,
10 Hz and 30 Hz bandwidths permit separation of closely
spaced signals and precise frequency measurements, The

100 Hz and 300 Hz bandwidths permit wide range sweeps -

at relatively fast sweep rates.

1-6. The 3381 is easy to tune—even when using the 3 Hz
bandwidth. Simply tune near the signal to be measured and
press the AFC button, The AFC {Automatic Frequency
Control) will automatically fine tune the 3581 to the
selected signal, Another benefit of AFC is that it locks the
analyzer’s tuning to the signal so that measurements are not
affected by frequency drift. If the AFC becomes unlocked,
a front panel annunciator lights to alert the operator that
his reading may not be valid.

I-7. The 3581 has a built-in sweep generator which
provides for single or repetitive electronic sweeps or
manually controfled sweeps. The sweep width or “span”
can be varied from 50 Hz to 50 kHz in 10 switch settings.
The sweep time can be varied from 0.1 second to
2,000 seconds in 14 settings, A front panel indicator lights

when the sweep rate is too fast for the bandwidth selected
{narrower bandwidths require slower sweep rates).

1-8, Comparing the 3581A and 3581C,

1-9. The 3581A is a general purpose instrument designed
to solve the traditional problems of wave analysis. The
3581C is a special version of the 3581 designed specifically
for communications work, The major difference hetween
the two instruments is the input coupling. The 3581A hasa
single-ended input with an impedance of 1 megohm, 30 pF.
The 3381C has three selectable input configurations:
Unbalanced, Balanced-Bridged and Balanced-Terminated.

“The Unbalanced input impedance is 1 megohm, 40 pF and

the Balanced-Bridged input impedance is approximately
15 kitohms. The Balanced-Terminated input impedance is
either 900 ohuns or 600 ohms as selected by the front panel
Calibration switch. The 3581A has a dual banana-plug
Input connector while the 3581C has a phone-jack Input
requiring a WECO Type 310 mating piug. The 3581A can
be calibrated for absolute measurements in dBV,
dBm/600 chms or rms voits. The 3581C can be calibrated
for absclute measurements in dBm/900 ohms, dBm/600
ohms or rms volts, It does not have a “dBV™ setting. The
3581 A has a 600-chm unbalanced Tracking Oscillator/
Restored ouiput; the 3581C has a 600-ohm balanced
output. Another feature of the 3581C is its Audio Monitor
which allows the operator to listen to the restored output
signal.

1-10. SPECIFICATIONS.

1-11. Table 1-1 is a complete list of the Model 3581A/C
critical specifications that are controiled by tolerances.
Table 1-2 contains general information describing the
aperating characteristics of the 3581,

1-12. Any changes in specifications due to manufacturing,
design or traceability to the U.S. National Bureau of
Standards are included in Table 1.1 of this manual.
Specifications listed in this manual supersede all previous
specifications for the Model 3581A/C.

1-13. GPTION.

1-14. The 3581A/C Option 001 is equipped with an
internal rechargeable battery pack for complete portability,
This option is field installable. Order: Field Instailation
Kit, -hp- 11193A.

Rev. A 1.1
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1-15. Warranty Exception,

1-16. The batteries in Option 001 instruments are wai-
ranted for 90 days.

1-17. ACCESSORIES SUPPLIED,

1-18. The following is a list of accessories supplied with the
3581A/C:

Hem Qty. -hp- Part No.
Accessory Kit
Inciudes the following: 1 ea, 03568(-84401
PC Board Extender {15 pin) 2 ea. 5080-0048
PC Board Extender {10 pin) Zea, 5060-5917
Fuse: 0.25 A, 250 V Normal Bio .
{for 220 V/240 \V operation)| 1 ea. 2110-0004

1-19. ACCESSORIES AVAILABLE.

1-20. The following is a list of Hewlett-Packard accessories
available for use with the 3581A/C:

-2 Rev.A

Mode! 3581A/C

Accessory -hp- Model

X-Y Recorder 70358 Option 020

Oscilioscope 1201A/B
Oscilioscope Camera 197A or 198A
Voitage Divider Probe 100048
Testrnobile 10014

Rack Mount Kit 3B80A/KOB

1-21. INSTRUMENT AND MANUAL IDENTIFICATION.

1-22. The instrument serial number is located on the rear
panel. Hewlett-Packard uses a two-section serial number
consisting of a four-digit prefix and a five-digit suffix. A
letter between the suffix and prefix identifies the country
in which the instrument was manufaciured (A = USA, G =
West Germany, I = Japan, U = United Kingdom). All
correspondence with Hewlett-Packard should include the
complete serial number.

1-23. If the serial number of your instrument is lower than
the one on the title page of this manual, refer to Section
VHI for backdating information that will adapt this manual
to your nstrument.
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Section |

Table 1-1. Specifications.

o

FREQUENCY
Display Accuracy: = 3 Hz

AFC Pulldn Range: > 5 X Bandwidth for 3 Hz thru 100 Hz
Bandwidth; > 800 Hz for 300 Hz Bandwidth,

AFC Hold-In Range: * 800 Hz

AFC Lock Frequency: center of passband +  Hz
AMPLITUDE

Amplitede Accuracy:

Frequency Response

3581A and 3581C Unbal- LOG LINEAR
anced
15 Hz to 80 kHz +04dB + 4%
3581C Balanced Inputs:*,
40 Hz to 20 kHz,
+ 20 dBm max +*05dB x 5%
Switching Between Bandwidths: % 0.5dB + 5%
Amptitude Display: +2 dB 2%
Input Attenuator: +0.3dB + 3%
Armplitude Reference Level
{IF Attenuator)
Meast Sensitive Range: 1 dB = 10%
All Other Ranges: +1 dB 3%
*for signals beiow + 20 dBm
Dynamic Range:
Display Range (90 dB scale): > 80dB
Noise Levei:
-i20
B = 300 Hz
B o 2\ E\ 5W = 304z
k=] Ty i
w {100nV; i \r\
‘2(5 g } BW = 3Hz
! |
180} } —
] |
£ i
o, 166 3 I 10K 100K
5 200
FREQUENCY

Noise Sidebands: > 70 dB below CW signal 10 Bandwidths
away fram signal.

Spurious Responses: > 80 dB for signals [ess than D dBm
above 160 rz.

Line-Related Spuricus: > 80 dB below input reference levet
or - 14C dBV {31 sV,
Below - 90 dBm for 3681C Batanced-Ferminated input.

IF Feedthru:

{nput Feedthru
>V - 60 dB or lower
<f0V - 70 dB or lower

Zero Response: > 30 dB below input reference level

BALANCED INPUT (3581C only)

Freguency Response: 40 Hz to 20 kHz + 0.6dB for signals
beiow + 20 dBm

Common Mode Rejection: > 64 dB at 60 Hz

CUTPUTS
Recorder Qutputs:

X—Axis: OV wo+bV +25%
YeAxis: OV io+BV £ 25%

Tracking Oscillator Qutput

Frequency Accuracy: * 1 Hz relative to eenter of passband
Freguency Response
3881A: = 3% 15 Hz to 50 kHz
3BE1C: £ 05d8 180 Hz to 20 kHz, 10 kHz reference,
into 60G £ foad

THD and Spuricus: > 40 dB below 1 V signal level

Rev. A -3
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Model 3581A/C

Table 1-2. General Information.

INPUT CHARACTERISTICS {3581A)
Connector: female banana plug
Empedanca: 1 megohm, 30 pF

Maximum {ac) Input Level;

Input Maximum

Sensitivity Input
+30dB {20 Vito- 10dB {02 V3 100 V rms
- 20dB (0.1 V) to- 70 dB (0.2 mV) 50 V rims

Maximum {de¢) input Voltage: * 100 V dc

Coupling: capacitive

DC Isolation: none {input commen referenced to frame ground)
INPUT CHARACTERISTICS {3581C)

Selegtable Input Configurations:

Linbatanced
Balanced Bridged
Balanced Ferminated

Connector: accepts WECD Type 310 mating plug

impedance:

Unbalanced: 1 megohm, 40 pF
Bridged: greater than 12 K (typicaily 14 K at  kHz}
Terminated: 600 ohms or 900 ohms

Maximum input Levels:

Unbalanced: same as 3581A
Bridged: 100 vde max, 35 vrms ac max
Terminated: + 27 dBm, a1 GV de

DC isotation:
Unbalanced: {input common referenced w0 frame
ground;

Bridged and Terminated: ficating input

nane

AMPLITUDE CHARACTERISTICS:
Scale Settings:

Volts: Absolute measurements in rms volis {average re-
sponding): relative measurements in percent of full scale.

i.0g 90 dB:
3581A: Absolute measurements in dBV (1V rms =
0 dBV} or dBm/G00 ohms; refative measurements in B,

3B81C: Absolute measurements in dBm/300 ohms or
dBm/600 ohms, refative measurements in dB,

Display Range: 80dB
Log 10 d8: Display sensitivity is 1 dB per division; display

range is 10 dB. Any 10 dB portion of 80 ¢B range can be
displaved by changing AMPLITUDE REF LEVEL setting,

Full-Scale Sensitivity:

Volts Scale:

Calibrated: 30 V rms 1o 0.1 UV rms (18 ranges}
Uncalibrated: 100V rms to 8.2 UV rms

{.0g 90 dB Scale:

Calibrated: + 30 dBV/dBm to - 70 dBV/dBm {11 ranges)
Unealibrated: + 40 dBV/dBm to - 60 dBV/dBm

Overload Indicator: An LED Qverioad indicator on the front
panel Hghts to indicate that the input signal exceeds the
maximum (full scale} input level set by the INPUT
SENSITIVITY switch and amplitude VERNIER,

Internal Calibration Signal: An internally generated calibration
signal can be used to calibrate the amplitude section
{foliowing input attenuater] 1o an accuracy of * 1.8% at
10 kHz. The calibration signal can also be used to verify the
frequency accuracy of the instrument,

FREQUENCY CHARACTERISTICS:
Frequency Range: 15 Hz to B0 kHz

Frequency Control: The front panel FREQUENCY control
tunes the frequency of the analyzer over the 0 Hz to BO kHz
range, The control can be used to set the start freguency of
electronic or manual sweeps.

Coarse or Fine Tuning: Coarse tuning is selected by pushing
the crank toward the front panei; fine tuning is selected
by puliing the crank outward. in the coarse position, one
revolution of the crank changes the frequency by
approximately 2.7 kHz. In the fine position, one
revolution of the crank changes the freguency by
approximately 73 Hz.

LED display tuned

Frequency Display: S5-digit indicates

frequency in Hz.
Accuracy: £ 3 Hz

Range: 0 Mz to approximately 51,000 Hz

Out of Range Indication: Frequency digits blank and

decimal points fight when frequency is tuned below O Mz.

Typical Frequency Stability: # 16 Mz/hr. after 1 hour;
+ 5 Hz/°C

Remote Tuning: 3581A/C can be remotely tuned by applying
an externally generated 1 MHz to 1.5 MHz signal to L.O. IN
CONNeCtor,

Bandwidth Settings: 3 Hz, 10 Hz, 30 Hz, 100 Hz, 300 Hz
Bandpass Characteristic: closely approximates a gsussian
response,
Shape Factor: 10:1 on 3 Hz thru 100 Hz bandwidths; 8:1 an
300 Hz bandwidth

Equivalent Noise Bandwidth: Typicelly 12% wider than
absolite 3 dB bandwidth,

Display Smoothing {noise filtering):
3 Settings: min, med max

Res'ponse: determined by Bandwidth setting.

1-4 Rev. A




Model 3581A/C

Section 1

Table 1-2, General Information {Cont'd).

Automatic Fregquency Control (AFC):

Typicai Puil-in Range: see Tabie 35 {Section i)

Hoid-1n Range: + 800 Hz (frequency drift rate below maxi-
mum drift rate listed in following table)

Maximum Drift Rate:

MAXIMUM

BANDWIDTH BRIFT RATE
300 Hz 400 Hz/sec
100 Hz 400 Hz/sec
30 Hz 40 Hz/sec
10 Hz 4 Hz/sec
3 Hz 0.4 Hz/sec

tock Fregueney: center of passhand ¢ 1 Hz
SWEEP CHARACTERISTICS:
Sweep Modes:

Repetitive: The instrument sweeps continuously over the
selected frequency range.

Single: The instrument sweeps one time over the selected
frequency range and stops at the end frequencgy .

Reset: Sweep is reset; instrument remains at start freguency
of sweep. .

Manual: The electronic sweep is disabied and a front panel
potentiometer is used to manually sweep the frequency.

OFf: Sweep circuits disabled.

Frequency Span Settings: 0 Hz*, 50 Hz to B0 kHz (10 settings)

*When the 0 Mz span setting is selected, the
instrument remains at the frequency indicated
on the freguency display. The sweep generator,
however, remains operstive and an  X--Y
recorder or sgope connected to the X—Axis
recorder output can be swept at the rate
seiected by the SWEEP TIME ceontrol. This
provides & graphical display of amplitude wvs.
time,

Typical Frequency Span Accuracy: £ 2% of setting
Sweep Timae Settings: 0.1 sec to 2,000 sec (14 settings}

Typical Sweep Time Accuracy: + 5% of setting
Typical Sweep Linearity: + 1%

Sweep Error Light: A front panel LED indicator lights when
sweep rate is too fast.

External Triggering: A rear panel External Trigger input is
provided to allow the frequency sweep io be remotely
triggered using a contact closure or TTL output. External
triggering can be used in the Single or Repetitive mode,

QUTPUTS
Recorder Qutputs:

X—Axis: Suppiies dc voltage proportional to frequency
sweep,

QOutput Voltage: 0 V [start freq.) to + 5 V {end freq.)
Qutput Resistance: 1 kKilohm

Y-Axis: Supolies do voltage proportional top meter reading,

Qutput Voltage: 0V to+ 5 V full scale
Qutput Resistance: 1 kilohm

Tracking Osciliator/Restored Qutput

Frequency: 1b Hz to 50 kHz; tracks iuned or swept
frequency of instrument,

Qutput Level:

Tracking Oxcillator: constant level signal; can be adjusted
from OV to > 1 V rms into 600 £

Restored: proportional to signal being measured; fuli-scale
level adjustable from 0 V to > 1 V rims into 600 2

Flatness: * 0.5 dB 100 Hz to 20 kHz, 10 kHz reference,
600 ohm load

Output Impedance:
3581 A: 600 ohms, unbalanced
3581C: 600 ohms, balanced
L.O. Qutput:

Frequency: WVaries from 1.0MHz o 1.5MHMHz as 3581
frequency is tuned from 0 Hz 10 50 kHz.

Qutput Level: 100 mV rms, nominal value, varies with
frequency

Output Impedance: 1 kilohm

GENERAL:
Operating Temperature Range:

Standard 3581: 0°C 0 +85°C

Option 001: 0°C to +40°C
Storage Temperature Range:
Standard 3580A - 40°C to +75°C
Gption 001: - 40°Cro +50°C
Charge Temperature Range (Option 001}: 0°C 1o+ 40°C

Power Reguirements: 100 V, 120 V, 220V or 240 V + 5%
- 10%, 48 Hz to 66 ¥z, 10 watts typical

Battery Characteristics {Qption 001}:

Operating Tirme: 12 hours from full charge

Charge Time: 14 hours to recharge fulty discharged battery
pack

Battery Life: more than 100 charge/discharge cycles

Protection: The batteries are protected from excessive
discharge by an automatic cut out,

Bimensions:

DERENSIOMES SHOWN BN INCHES
AND {MILLIMETERS}

!‘. PR b
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Mode! 3581A/C

Section [l

SECTION 1l
INSTALLATION

2-1. INTRODUCTION.

2.2, This section coniains information and instructions
necessary for installing and shipping the Model 3581A/C
Wave Analyzer. Included are initial inspection procedures,
power and grounding requirements, environmental informa-
tion, instaliation instructions and instructions for repack-
aging for shipment.

2-3. INITIAL INSPECTION.

24, This instrument was carefully inspected both mechani-
cally and electrically before shipment. It should be free of
mars or scratches and in perfect electrical order upon
receipt. To confirm this, the instrument should be in-
spected [or physical damage incurred in transit. If the
instrument was damaged in transit, file a claim with the
carrier. Check for supplied accessories (Paragraph 1-17) and
test the electrical performance of the instrument using the
performance test procedures outlined in Section V. If there
is damage or deficiency, see the wamanty in the front of
this manual.

2.5. POWER REQUIREMENTS.

2-6. The Model 3581A/C can be operated from any power
source supplving 100V, 120V, 220V or 240V (+5%
- 10%), 48 Hz to 440 Hz. Power dissipation is about
10 watts, Refer to Paragraph 3-168 (Section HI) for the
Instrument Turn On procedure.

2-7, Power Cords and Receptacles.

2-8. Figure 2-1 iliustrates the standard power receplacle
(wall outlet) configurations that are used throughout the
United States and in other countries. The -hp- part number
shown directly below each receptacle drawing is the part
number for a power cord equipped with the appropriate
mating plug for that receptacie. If the appropriate power
cord is not included with the instrument, notify the nearest

125 v - B6A* 250 V - A%

Ny

Bi2O~1689 8i20-1

8120-06%8

8120135

8120~ 1369

*UL LISTED FOR USE IN THE UNITED STATES OF AMERICA

Figure 2-1. Power Receptacles.

-hp- Sales and Service Office and a replacement cord wilt be
provided.

2.8, GROUNDING REQUIREMENTS.

2-10. To protect operating personnel, the National Electri-
cal Manufacturer’s Association (NEMA) recommends that
the instrument panel and cabinet be grounded. The Model
3581 is equipped with a three conductor power cable
which, when plugged into an appropriate receptacie,
grounds the instrument. The offset pin on the power plug is
the ground connection.

-11. For battery powered instruments (Option 001}, the
commen binding post of the INPUT connector (Case
Ground } should be connected to earth ground or to
an appropiiaie system ground. If a svstem ground is used,
extra care should be taken o ensure that it is actually af
ground potential and is not a voltage source.

2-12. The 3381 power cord, power input receptacle and
mating conpectors meet the safety standards set forth by
the International Electrotechnical Commission (IEC).

2-13. ENVIRONMENTAL REQUIREMENTS.
2-14. Operating and Storage Temperature (Standard 3581).

Operating Temperature Range: 0°C ta + 55°C
Storage Temperature Range: - 40°C to + 75°C

2-15. Operating and Storage Temperature (O ption 001).

Operating Temperature Range: 0°C to + 40°C
Storage Temperature Range: - 40°C to + 50°C

Charge Temperature Range: 0°C to +40°C

2-16. INSTALLATION.

2-17. The Model 3581 is a portable instrument and doss
not require installation. The instrument is shipped with
rubber feet and tilt stand in place, ready for use as a bench
instrument.

2-18. REPACKAGING FOR SHIPMENT.

2-19. The following paragraphs contain a general guide for
repackaging the instrument for shipment. Refer to Para-

Rev. A 2-1
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graph 2-20 if the original container is to be used; 221 if it
is not. If you have any questions, contact the nearest -hp-
Sales and Service Office (See Appendix B for office
locations).

NOTE

If the instrument is fo be shipped to Hewlett-
Packard for sewvice, or repair, attach a tag to
the instrument identifying the owner and indi-
cating the service or repailr fo be accomplished,
Include the model number gnd full serial
number of the instrument. In any correspon-
dence, identify the instrument by model num-
ber and full serial number.

2-20. Place instrument in original container with appro-

222 Rev. A
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priate packing material and seal well with strong tape or
metal bands.

2-21. I original container is uoi to be used, proceed as
follows:

a. Wrap instrument in heavy paper, or plastic before
placing in an inner container.

b. Place packing material around all sides of instrument
and protect panel face with cardboard strips.

¢. Place instrument and inner container in a heavy
carton or wooden box and seal with strong tape or metal
bands.

d. Mark shipping container “DELICATE INSTRU-
MENT,” “FRAGILE,” etc.



PERFORMANCE TEST CARD

Hewlett-Packard Modet 3581A/C Tests Performed By

Wave Analyzer

Serial No. Date

FREQUENCY TESTS

Step Record Test Limits Parameter
g. Counter Reading: e Hz 10,000 Hz £ 1 Hz Tracking Osc, Freq,
i. Freguency Display: __ Hz 10,000 Hz + 3 Hz Freq. Display Accuracy
l. Counter Reading: Hz Stepg £ 1 Hz AFC Lock Frequency
m. Pass  Fall o mommmes Puil-in Range 300 Hz BW
n, Pass Fail e e
Pass Fell 0 T Puli-In Range 3 Hz BW
4. Pass Fail e
s. Pass Fa? e e e Puli-in Range 100 Hz BW
u. Frequency DHsplay ! - 12 8,700 Hz t0 9,200 Hz Holg-1n Range
V. Pass Fait s i e Pull-In Range 100 Hz BW
X, Frequency Displayie o Hz 1G,800 Hz 1o 11,300 Hz Hold-ln Range

o BANDWIDTH TEST

Bandwidth L.ower 3dB Point Lipper 3d8 Point Absolute 3dB BW Test Limits
300 Mz - Mz e H2Z, [ I +45 Hz
100 Hz J— o} [ N L T £ 16 Hz

30 Hz — Mz iz Hz + 45 Hz
10 Hz Hz Hz e HZ x 15 Hz
3 Hz Hz Hz Hz + 04Hz

FREQUENCY SPAN TEST

BANDWIDTH SWITCHING TEST

Freq, Span Freq, Reading Test Limits {(Hz}
50 Hz e 1649 — 1,081 Test Limit: -5 dB + 0.5d8
100 Hz e Hz 1,098 — 1,102
200 Hz _ Hz 1,196 — 1,204 Bandwiclth Meter reading
500 Hz Mz 1,400 — 1510
1 kHz Mz 1,080 — 2,020 100 Hz -~ .dB
2 kHz e HZ 2,960 ~ 3,040 30 Hz —dB
5 kHz _ Hz 5900 — 6,100 10 Hz s B
10 kHz . Hz 10,900 — 11,200 3 Hz —d8
26 kHz —___Hz 19,600 — 21,400

) 5O kiz G Hz 50,000 — 52,000



PERFORMANCE TEST CARD {cont'd)

AMPLITUDE DISPLAY TEST {Log Scale)

input Levet

- 10 dBYV
-20dBV
- 30dBV
-40 dBV
-50dBvV
- 60 dBYV
-70dBV
-80dBV

Meter Reading

di8
¢B
dB
dB
1]
dB
dB
dB

Test Limits

<10dB + 2dB
-20dB £ 2dB
-30dBE £ 2dB
-40dB % 2dB
-50dB & 2dB
-60dB = 2dB
-70dB £ 2dB
-80dB z 2dB

AMPLITUDE DISPLAY TEST (Volts Scale)

AMPLITUDE REF LEVEL TEST (Volts Scale)

Test Limits: 0.8V £ 003 V {- 10 dB thru - 60 dB);
09V £ 0.1V (-70dB)

Amplitude
Ref Level

-10dB
-20dB
-30d8
-40d8
-50 dB
-60dB
-70d8

AMPLITUDE REF LEVEL TEST {Log Scals)

Meter Reading

Test Limit: -5dB £ 1dB

L A

input Level Meter Reading Test Limits
Amplitude

09V v POV 2002V Ref Level Meter Reading
o8V \4 08V 002V
07V % 07V 2002V - 10 dB ag. e
0.6V v 06V 002V -20dB ds8
05V v 05V 002V -30dB dB
04V v 04V 2002V -40dB dB
03V vV 03V 002V - 50 dB B
02V v 02V z0.02V -60dB dB
01V v 01V £002V - 70 dB aB

INPUT ATTENUATOR TEST

Inpput Sensitivity

+30dB
+ 20 dB
+20dB
+10dB
+10dB

0dB

10d8

- 20dB

30dB

- 40dB

50dB
60 dB
70 dB

Step

— o en

=2

©

woow

Meter Reading

dB
dB
dB
dB
dB
dB
dB
dB
di
dB
dB
dB
dg

Tast Limits

Stepf + 0.3dB

Stepi = (3.3dB
Stepn £ 0.3dB
-5dB + 0.3dB
-5dB +0.3dB
-5 dB £ 0.3dB
-5dB + 0.3d8
-5dB £ 0.3dB
-5d8 +0.3dB
-5dB + 0.3dB
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Section LI

SECTION Il
OPERATING INSTRUCTIONS

3-1. INTRODUCTION.

3.2, This section contains complete operating instructions
for the Model 3581 Wave Analyzer. Included is a brief
description of the instrument, a description of controls,
general operating information and basic operating proce-
dures. Most of the information in this section applies to
both the 3581A and the communications option 3581C.
However, before using the 3581C refer to Paragraph 3-156
for details concerning its special features.

3-3. ABGUT THE WAVE ANALYZER.

3.4. The first wave analyzers, introduced in the early
193(rs, consisted of tunable filters that were used in
conjunction with broadband voltmeters to separate and
measure the frequency components of signals. Although the
“tunable filter” principle still applies, modern wave ana-
lyzers have greatly improved performance features. These
include high sensitivity, wide dynamic range and selectable
bandwidths, The improved performance features, along
with operating conveniences such as automatic frequency
control, electronic sweep and digital frequency readout,

make today’s wave analyzers casy to use instrumenis with
unlimited applications in both the RF and audio frequency
ranges.

3-5. The 3581 is a low frequency wave analyzer designed
specifically for use in the audio frequency range. The major
performance features of the instrument include 15 Hz to
50 kHz frequency range, 0.1 yV full-scale sensitivity, 80 dB
dynamic range and five selectable bandwidths ranging from
3 Hz te 300 Hz. In addition, the 3581 is equipped with
autornatic frequency control, elecironic sweep, digital
frequency readout, recorder outputs and a tracking oscilla-
tor {BFO) output. Details of these and other features
outlined in Table 3-1 are given in the General Operating
section,

3-6. CONTROLS, CONNECTORS AND INDICATORS.

3-7. Figures 3-1 and 3-2 illustrate and describe the function
of all front and rear panel controls, connectors and
indicators, Items requiring additional description are refer-
enced to paragraphs in the General Operating Information
section.

Table 3-1. Operating Features,

FEATURE PARAGRAPH
High input Impedance: 1 Megohm, 30 pF 3-i1
Frequency Range: 15 Mz 1o 50 kHz
Five Selectable Bandwidths: 3 Hz — 300 Hz 3-80
Digital Frequency Display 397
Automatic Freguency Control 3-89
Eleven Frequency Span Settings: O Mz, B0 Hz — 50 kHz 3-106
Sweep Modes: 3-111
1. Single or repetitive linear sweep.
2. Manual sweep.
Fourteen Sweep Time Settings: 0.1 sec. to 2,000 sec, 3-118
Optimum Sweep Rate Indicator 3124
Three Scale Settings:
1. Linear: absolute measurements in rms vols; 352
relative measurements in percent of full scale,
2. Log 90d8: absolute measurements in dBV or 353
¢Bm/B00 ohms; relative measurements in dB;
80 dB dynamic range.

FEATURE PARAGRAPH
3. log 10dB: expanded scaie 1dB/div; 10dB 3-565
meter range.
Wide Measurement Bange:
1. Catibrated: 0.1 gV rms {-140dBV/dBm} fuli
scale to 30 V rms {+ 30 dBV/dBm) full scale,
2. Uncatibrated: G.1 gV rms full scale to 100 V rms
full scale,
80 dB Dynamic Range 346
internal Calibration Signal 377
Recorder Quiputs 3133
Tracking Oscillator/Restored Gutput 3-139
Audic Monitor {3581C) 3-164
L.ocat Osciliator Output 1144
Local Oscillator input 3-148
Portability, Battery Operation {Option 001) 3-15%
Batanced Inputs: Balanced Tracking Quiput {3581C) 3-156

3-1
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3581C

AUDIO LEVEL Controt (3581C only):
audio monitor. {Paragraph 3-164}

Adjusts volume for

Frequency Dispiay: Indicates tuned frequency in Hz, Display
accuracy is 3 Hz; time base s 6.2 second, Frequency digits
blank and decimal points jight when anatvzer is tuned below
0 Hz. (Paragraph 3-97)

AFC UNLCCK Annunciator: Lighis when AFC is not locked
to a signal, (Paragraph 3-105)

Meter: Has taui-band movement and special calibrated scales
with mirror backing, Scales include G to 1 and C to 3 finear
{volis} scales and O dB o - 99 dB and 9dB to -10dB log
scales, {Paragraph 3-50)

Is used to select the desired freguency resofution. The §
BANDWIDTH settings are: 300 Hz, 100 Hg, 30 Hz, 10 Hz and
3 Hz. {Paragraph 3-80)

@BANDWIDTH Switch: Controls 3 dB bandwidth of |F Fiiter,

b d
®
®
¢

DISPLAY SMOOTHING Switch: Provides 3 ievels of noise
fitering for meter display and Y-Axis recorder outpukb
Response time becomes longer as smoothing is ingreased,

FREQUENCY Control: Tunes analyzer frequency from 0 Hz
to 50 kHz. Sets start frequency for electronic or manuaf sweep.
Push in for coarse tuning; pull out for fine tuning. (Paragraph
3-97}

FREQ SPAN Control: Sets scan width for glectronic or manual
sweeps, Span settings range from 50 Hz to 50 kiz. {Paragranh
3-108)

ADJIUST Indicator. Lights to indicate that sweep rate is toe
fast. Wili go out when SWEEP TIME is increased, BAND-
WIDTH s widened or FREG SPAN is narrowed. (Paragraph
3-124)

SWEEP TIME Controi: Sets time duration for single or
repetitive sweeps, Settings range from 0.1 second to 2,000
seconds, {Paragraph 3-119}

Figure 3-1. Front Panel.

3-2 Rev. A
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Section 1T

SWEEP MODE Switch: Selects Repetitive, Single,
Manual oy Off sweep mode. (Paragraph 3-111)

Reset,

MANUAL VERNIER, Tunes analvzer frequency when SWEEP
MODE switch is set to Manual {MAN) position. Manual swesap
fully duplicates the span of the electronic sweep. {(Paragraph
3117}

GVERLGAD Indicator. Lights when input signal exceeds
maximum inpui level set by INPUYT SENSITIVITY switch and
Amptitude VERNIER control. (Paragraph 3.36)

INPUT Connector
3581A: Accepts maie banana-piug connector; input im-
pedance is 1 megohm, 30 pF. (Paragraph 3-9)

@6 G 6

3381C: Accepts WECO Type 310 (or equiv,) mating plug.
For unbalanced input, Tip is signal; Ring and Sleeve are
ground. For balanced inputs, Tip and Ring are signai;
Sleeve i$ ground {Paragraph 3-162). lnput impedanceis 1
megonm, 4C pF for Unbalanced input, approximately
15 K for Balanced Bridged input and 600 £2 or 900 &
(Catibration switch) for Balanced Terminated input (Para-
graph 3-156).

INFUT Mode Switch (3581iC oniy): Selects Unbalanced,
Balanced Bridged or Balanced Terminated input. (Paragraph
3-158)

UNCAL Indicator: Lights when Amplitude VERNIER s not in
the CAL position - - scaies no longer calibrated for absolute
measurements, {(Paragraph 3-34)

Amplitude VERNIER: For absclute measurements, VERNIER
must be set to CAL (fulty CW)} position. For relative
measurements, VERNIER adjusis gain of analyzer to establish
fuilscale veference. As the VERNIER is rotated counterclock-
wise, the gain decreases and the full-scale input level increases.
(FParagraphs 3-33, 3-38}

ONONC)

INPUT SENSITIVITY Switch: Selects maximum {fuil-scale)
input level and measurement range. For absclute measure-
ments, full-scale settings range from + 3GdB/30V 1o
- 70 6BA.3 mV {Paragraphs 3-56, 3-65). For measurements
using the Volts scale, 7 additional ranges can be selecied using
the AMPLITUDE REF LEVEL switch (Paragraph 3-62) With
the switch in the CAL position, the INPUT is disconnected and
an internal calipration signal is applied to the input circults
{Paragraph 3-77}.

CAL 10 kHz Patentiometer: Adjust for fuil-scale deflection
using internal calibration signa! (Paragraph 3.173). Adjustment
compensates for variations in ampiitude accuracy that occur

when canirol setiings are changed or when instrument is
operated in uncontrolied environment (Paragraph 3-78).

®

" Calibration Switch:

@ 35B1A: Set to dBV/LIN positicr for absciute measire.
ments in dBV or rms volts or for relative measurements in
dB or percent of full scale, Set to dBm/G0C {1 position for
absolute measurements in gBm/600 ohms (external termi-
pation vequired} or for relative measuremaénts in dB.
{Paragraph 3-32}

3581C: Set to dBm 200 /LN position for absoiute
measurements in JdBm/ 800 ohms oy rms volis or for
relative measurements in dB or percent of full scale. Set
ta dBm/600 3 position for absolute measurements in
EBm/600 ohms or for relative measurémenis in dB
{Paragraph 3-32). Switch selects 900 £1 or 600 O input
impedance for Balanced Terminated input (Paragraph
3-161})

AMPLATUDE REF LEVEL Switch: Operates In conjunction
with ENPUT SENSITIVITY switch to establish the fuil-scale
sensitivity and measuremeni range. (Paragraphs 3-58, 3-69,
3-71)

AFC Button: Push to set (AFC cnr) push to release (AFC off).
{Paragraph 3-99}

Meter Mechanical Zero: Paragraph 3-171.

POWER Switch: Applies Hne voltage to instrument when set o
ON {AC) position; applies battery power to Opiion 001
instruments when set to ON (BAT} position; applies line
voltage to Opticen Q01 instruments {o recharge batteries when
set to CHARGE position, (Paragraph 3-168)

®e6® 6

Log 10 dB SCALE Button: Selects 0 dB fo - 10 dB meter scale.
Disptay sensitivity is 1 dB/div., display range is 10 dB. Any
10 @8 portion of 80 dB range can be sefected using AMPLI-
TUDE REF LEVEL switch. (Paragraph 3-71)

i.og 90 dB SCALE Button: Seiects O dB to - 90 dB meter scaie
for absoiute measurements in dBWV/dBm or relative measure-
ments in dB. Dynamic range is 80 dB. (Paragraph 3.67)

® ®

VOLTS SCALE Bution: Selects linear ampiitude mode for
absotute measurements in rms volis or relative measurements in
percent of full scale. {(Paragraph 3-56)

POWER Light: Lights when POWER switch is set to ON (AC},
ON (BAT) or CHARGE.

®

Figure 3-1. Front Panel {cont'd}.

3-8. GENERAL ODPERATING INFORMATION,
3-9. Input Connections (3581A only).
3581C: Refer to Paragraph 3-156.

3-10. The 3581A has two INPUT terminals. The upper (red
rimmed) terminal is the signal input and the lower {black
rimmed) terminal is case ground. The plastic caps on the
terminals unscrew to permii wire connections and the
terminals are spaced so that they will accept a dual
banana-plug mating connector. The input signal can be
applicd to the 3581 A through a twisted pair, a shieided
cable equipped with banana-plug connectors {-hp- 11000A
Cable Assy.} or a 10:1 Voltage Divider Probe (hp-
10004B). Input leads should be kept as short as possibie to
minimize extraneous pickup. If a 10:1 Voltage Divider
Probe is to be used, connect it to the INPUT using a BNC
to banana-plug adapter (-hp- Part No. 1251.2277). Before
using the probe, perform the Input Probe Compensation
procedure outlined in Paragraph 3-176.

3-11. Input impedance.

3-12. The 3581 A has a single-ended input which provides
an input impedance of 1 megohm shunted by << 30 pF
(28 pF nominal). The 3581C has three selectable input
configurations: Unbalanced, Balanced Bridged and Bal-
anced Terminated. The Unbalanced contiguration provides
an input impedance of 1megohm shunted by 40pF
{nominai). The Bajanced Bridged input impedance is
approximately 15 kilohms and the Balapced Terminated
input impedance is 600 chins or 900 ohms, The terminated
input impedance is selected by the front panel Calibration
swilch (Item , Figure 3-1 ). Refer to Paragraph 3-158
for further information concerning the 3581C input config-
urations.

3-13, Figure 3-3 shows the equivalent circuit for the
3581A single-ended input. The resistor, R;,, represents the
1 megohm input resistance and the capacitor, C_, represents
the 28 pF shunt capacitance. Figure 34 is a graph showing
the input impedance, Z,, as a function of frequency. At low

Rev. A 3-3
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®

X-AXIS CGutput: Female B8NC connector suppiies de voitage
proportional to frequency sweep, Output ranges from OV
(start freguency) to + 5V (end frequency) Quipul resistance is
1 «llohm, nrominal, (Paragraph 3-135}

Y-AX15 Qutput: Female BNC connecior supplies dc voltage
proportional to meter reading. Qutput rangés from 0V to
+ 5V de full scale. Quiput resistance is 1 kilohm, nominal.
{Paragraph 3-137)

PEN-LIFT CGutpui. For X—V¥Y recorders having remole con-
trotied penlift. A contact closure is present across PEN-LIFT
terminals during single and repetitive sweeps. Contacis open
before sweep resets and close after sweep resets o prevent
refrace, {Paragraph 3-138)

Speaker for Audio Monitor (3581C oniy}.

HEADSET Connector {3581C oniy): Supphes audic output for
headphone. Accepts WECO Type 310 or Type 241 mating
piug. (Paragraph 3-164)

Power Input Module: Accepis power cord supplied with
instrument. Contains line fuse and PC board for seleciing line
voltage. {Paragraph 3-168}

LGCAL OSCILLATOR OUT, Female BNC connector suppiies
166 mV rms, 1 Mz to 1,5 MHz signal that tracks the tuned or
swept frequency of the instrument. Quiput impedance is 1
kilohim, nominal. {Paragraph 3-144)

LOCAL. OSCILLATOR IN Connector, Female BNC connector,
Analvzer can be remectely tuned by appiying an externally
generated 1 MHz to 1.5 MHz signal to this connector. {Para-
graph 3-148}

® ©®

®e®

MODE Switch, Selects Internal (INT) or Externat (EXT) togal
oscijlator. External L..C. signal is applied to LOCAL OSCILLA-
TOR IN connector.

EXT TRIG Input: Femaie BNC connector. Apply contact
ciosure or TTL output to remotely irigger the freduency
sweep. {Paragraph 3-129}

Output MODE Switch: Selects TRACKING OSC. or RE-
STORED output for OUWTPUT connector.

LEVEL control, Adjusts amplifude of OUTPUT signal.,

QUTPUT Connector:

3581 A: Female BNC connector suppties 3 Hz to 50 kiMz
signai that tracks the tuned or swept frequency of the
instrument. With Gutput MODE switch set to TRACK-
ING OSC position, output level is constant. With switch
set to RESTORED position, output jevel is proportional
to ampiitude of signal being measured, Output level can
be adiusted from C V to 2 V rms {(open circuit) using rear
panel LEVEL control, Outpul impedance is 600 ohms,
unbalanced. {Paragraph 3-139)

3581C: Accepts WECO Type 310 (or eguiv.) mating plug.
Balanced output supplies 15 Hz to 50 kHz signal that
fracks funed or swept frequency of the instrument. With
Output MODE swiich set to RESTORED position, ouiput
tevel is propertional to ampliiude of signal being
measured., Cutput tevel can be adjusted from OV to 2 V
rms {open circuit} using rear panel LEVEL conirol
Outpui impedance is 600 chms. (Paragraphs 3-139,
3-163)

3-4

Figure 3-2. Rear Panel.
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frequencies the reactance of Cg is very high making Z,
nearly equal to R;,. As frequency increases, the decreasing
reactance of C, becomes more and more significant, causing
Z, 1o decrease. At S0kHz, Z, is approximaisly
100 kilohms.

COUPLING
_{ CAPAGITOR
s

J’Cs
Lzspsf

3580A-B- 3540

Figure 3-3. Equivaient Input Circuit.

3-14. Input Constraints,

CAUTION

The information given in Paragraphs 3-15 and
3-16 applies to the 358IC only when ir i
operated with the UNBALANCED or BAL-
ANCED BRIDGED input configuration. Refer
to Paragraph 3-161 for special information
concerning the Balanced - Terminated input
configuration.

3-15. The maximum ac voltage that can be safely applied
to the 33581A INPUT is determined by the INPUT
SENSITIVITY switch setting (Paragraph 3-38). Maximum
input levels are listed in Table 3-3, The 3581A input

GENERAL OPERATING INFORMATION

Section III

circuits are well protected and can withstand momentary
{< 5second) overloads up to 100V pmms on all input
rannges. The instrument can withstand continuous overloads
up to 100V rms on the + 30 dB through - 10 dB ranges and
overloads up to 3OV rms on the - 20 dB through - 70 dB
ranges. Overioads greater than this may damage the

instrument.
- CAUTION

Input levels exceeding 100V rms on the

+30dB through - 10 dB ranges, 50 V rms on

the - 20dB through - 70 dB range or + 100V
"~ de may damage the instrument,

3-16. DC Isolation. The 338lA input and the 3358iC
unbalanced and bridged inputs are capacitively coupled to
provide dc isolation. The maximum dc voltage that can be
safely applied 1o the INPUT is £ 100 V dec. Voltage levels
exceeding this limit can cause breakdown of the coupling
capacitor resulting in damage to the input circuitry.

3-17. The 3581A cannot be operated in a floating condi-
tion. All input and output commons are connected directly
to outerchassis (frame) ground which connects to earth
ground through the offset pin of the power-cord connector.
The 3581C balanced inputs and baienced tracking oscillator
output are isolated from outerchassis ground.

3-18. Grounding.

3-19. To protect operating personnel, the 3581 A/C chassis
must be grounded. The 3581A/C is equipped with a
three-conductor power cord which, when plugged into an
appropriate receptacle, grounds the instrument. The offset
pin on the power plug is the ground connection.

1M

100 ka2

10 k2 ;

10 Hz 100 Hz T kHz

10 kiz 100 kHz

Figure 3-4. Graph 21t vs. Frequency,
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3-20. To preserve the profection feature when operating
the instrument from a two-contact outlet, use a three-prong
to two-prong adapter and connect the lead on the adapter
to earth ground.

3-21. For battery powered instruments (Option 001), the
common binding post {or 3581C Sleeve) of the INPUT
connector should be connected fo earth ground or to an
appropriate system ground. If @ system ground is used, be
sure it is at earth ground potential and is not a voltage
source,

3-22. Ground Loops.

3.23. In the design of the 3581, exira care has been taken
to control internal ground currents that could produce
undesirable responses or degrade the accuracy of low level
measurements. Due to its wide dynamic range and high
sensifivity, however, the 3581 can be affected by external
ground currents or “ground loops” which are normally
caused by poor grounding. The following paragraphs briefly
describe the common powerdine ground loop and outline
the steps that can be taken to minimize ground loop
problems.

3-24. Figare 3-5A shows the input arrangement for a
simple grounded measurement. E;, represents the source
being measured along with any noise associated with it and
is generally called the “normal-mode source”. R, represents
the source resistance and the resistance of the high lead; Ry
represents the resistance of the ground lead. Current from
L, (normal-mode current) flows through Ry, Z; and Ry
and the instrument responds to the drop across Z,. Aslong
as the grounds on both sides of Rg are identical, extraneous
currents cannot circulate between the source ground and

GENERAL OPERATING INFORMATION

Model 3581A/C

the instrument ground. [f, however, the grounds are
different due to voltage drops in the ground lead or
currents induced into it, a new source is developed and the
measurement appears as shown in Figure 3-5B. The new
source, B, (the difference between grounds), is called the
“common-mode source” because it is common te both the
high and ground lines. Common-mode current can flow
through Ry or through Ry and Z, . Since Z, is usually much
larger than Rg and since they are both in parallel with Ry,
most of the voltage across R will appear across 74 causing
an error in the amplitude reading.

3-25. To minimize power-line ground loops, the following
guidelines should be observed:

a, Keep input leads as short as possible.
b. Provide good ground connections to minimize Ry,

¢, Connect the signal source and the 3581 to the same
power bus. '

d. I aremovable ground strap is provided on the signal
source, float the source to break the common-mode current
path,

g, Option 001: Battery operate the 3581; connect a
separate ground lead between the common terminal of the
3581 INPUT connecter and the ground terminal of the
signal source.

f. 3581C: Use balanced inputs.
3-26. Measurernent Configurations.
3.27. The 3581 can be used in either of two measurentent

configurations: open loop or closed loop. These configura-
tions are iliustrated in Figure 3-6.

R GROUNDED
" w8 M i |
HIGH" SOURCE EASURING INSTRUMENT
RESISTANCE
M@
Ein
NORMAL | z INPUT
MODE FHIMPEDANCE
SOURCE I
GND

GROUND LEAD
RESISTANCE

SOURCE GROUND INSTRUMENT GROUND

A

GROUNDED
MEASURING INSTRUMENTY

Rs A
ANA H[GH;[—@

H
=) A
R anol \
3 AN &
| SVRUSNING. QN P —
AT i’
& — — — JVIUUI
L E +
SOURCE = cm = |NSTRUMENT
GROUND COMMON GROUND
SOURCE

3575-8B-2738

B

Figure 3-5. Power Line Ground Loop.
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WAVE ANALYZER
hp 35814

—

noo
o
iElala

o © 0O

OJOXC,

©

SOURCE

Ae OPEN LOOP (SIGNAL ANALYSIS)

WAVE ANALYZER
hp 35Bi1A

o === =
TTRACKINGS
A0S QYT S

eisis]
o
ofan
©
(o)
Voo (C

NETWORK
UNDER
INPUT TEST
OuT iN

Be CLOSED LOOP{NETWORK ANALYSIS)

348:- B-3739

Figure 3-8. Measurement Configurations.

3-28. Open Loop. I the open loop configuration, the
3581 functions as a signal analyzer or “selective voltmeter”
which divides the input signal into its various frequency
components. The amplitudes and {requencics of these
components can be measured by manually tuning the
analyzer to specific frequencies or by sweeping the analyzer
over a given range. For swept measurements, an X—Y
recorder or variable persistance (storage) scope can be
connected to the rear panel Recorder ocutpuis fo provide an
amplitude vs. frequency display. The amplitude vs. [fre-
quency display shows how energy is distributed as a
function of frequency and, in effect, is the Fourier
spectrum of the input signal (Figure 3-7). Some of the more
common measuremenis that can be made using the open-
loop configuration include harmonie distortion, intermodu-
lation distortion, spuricus, square-wave symmetry and
noise.

Figure 3-7. Spectral Display {10 kHz Pulse Train),

3-29. Closed Loop. In the closed-loop configuration, the
3581 functions as a nerwork analyzer for characierizing
two-port devices such as amplifiers, attenuators and filters.
For closed-loop measurements, the network to be tested is
inserted between the rear panel Tracking Oscillator Output
and the front panel Input. The Tracking Oscillator Output
supplies a fixed level, 5 Hz te 50 kHz signal which tracks
the tuned frequency of the instrument. This signal serves as

a stimulus for the network under test. As the frequency is
manually funed or swept over a given range, the amplitude
of the signal at the output of the network varies according
to the response characteristics of the network. These
amplitude variations are measured by the 3581 and, when
displayed in graphical form, yield an amplitude vs. fre-
quency piot of the network (Figure 3-8).

Figure 3-8. Amplitude vs. Frequency Plot of Notch Filter.

3-30. One method for making closed-loop measurements is
to manually vary the frequency and plot a response curve
point-by-point on graph paper. This method, however, is
tedious, time consuming and often inaccurate since it is
easy to miss important poinls. A faster, more accurate
method is to sweep the frequency over the band of interest
and display the response curve using a scope or XY
recorder. Swept measurements provide a continusal updating
or “refreshing” of information. This makes it possible to
adiusi the network while observing the results of the
adiustment.

3.31. Absolute/Relative Measurements,

3-32. Absolute Measurements. Absolute measurements are
used Lo determine the actual amplitudes of tuned signals.
The 3581 A can be calibrated for absolute measuraments in

3-7



Section 111

GENERAL OPERATING INFORMATION

Model 3581A/C

Table 3-2. Calibration Charts

36814 CALIBRATION CHART 3GBTC CALIBAATION CHARTYT
Callpration Seaie Calibration Scate INPLIT
Switch Buttons Singie-Ended input Switch Buttons irbalenced Briciged Terminated
Inpur impedance 1 M, 30 pF Input impedance 138G, input impedarce 154 Read Input impsdarce 800 €2 flead
Mo  termination required. Faad " 40 pF. Aead wolts on voltage  voits Gn yoltage states of met- wils o voitage scefes of met
VaLTS woite on voitage sesies cf meter. 9B BOOTILIN. VOLTS (oot meter. Input of 1V o, dsput of 1Y rms gives 1V er. Inget of 3V rvns gives 1V
Input of 1Y s gives 1V meier rms gives 1V eater reading.  meter reaging meter reacing,
reading
dBV/LIN Input  impedance 1840,  {nput impedance 15 K. Exters  input tmosgdance 900 0. Resd
Input impedanca 1 M2, 30 pF 40 pF. Extersat 900 52 wermi-  nai Q00 1 termination needed  dBen/@00 02 on &8 imeter
Mo termination requiced. Read nalbian needed for 8000 tor 9001 sowce. Read  scaies. Input of 0843V rmyg
% dBV an 6B meter scales. lopn of dBm 200 {0/ LIN di sourge, Repd dBmy300 % on  dBmJ/S00 8 oo dB meter  gives O d8m meter readieg.
TV orms gl O dBY meter dB meter sestes. input of  scabas. beput of 0.949 W orms
raading. DR4E Y rms gives OdBm gives O dBm et reading.
meter reading,
VQILTS Mot g walic comiination. Scales
nat caljbrated, 48 801 52 VOLTS Mot & valid cembination, Scales not calibrated.
«4Bm 8O0 51
Input smpscange A0, 30 pF teput  impedange 1832, Input impedance 15 K. Exter-  input impedance 500 1t Sesd
External 800 £3 termination need. A0 pF. External 600 0 nat 6003 eemination nesded  dB84/B08 5 on  dB  meter
45 ed for GO0 sourse,  Read termination neaded for 6008 for G600 §1 sowrce, Resd  seaies. bnput of G775V rmg
dBm/E00 1T on of meter ssaii. dBm H00 52 dB source, Regd JdBmiG00 0 on dBrWBO0 8 o dB metar  gives O dBm mewr seading.
faput of Q775 V ros gives 0 @B 4B meter sesles. fnpur of  seaes. dmput of $7VS W orms
meter reading. Q75 Y s gves Gd8sm gives O dBm meter reading.
srter reading.

= NOTE: The 3581A has so provision for dBmr200 52 measurements, There is no intérral termiration for any switch setzing

rms volts, dBV or dBm/600 ohms. The 3581C can be
calibrated for absolute measurements in rms  volis,
dBm/900 ohms or dBm/600 ohms. Control settings, termi-
nation requirements and other details concerning these
measurements are given in Table 3-2. For all absolute
measurements, the front panel amplitude VERNIER con-
trol must be set to the CAL position and the instrument
must be calibrated as outiined in Paragraph 3-173.

3-33. Relative Measurements. In signal analysis, relative
measurements are used for comparing the amplitudes of
two or more frequency components of a signal. In network
anaiysis, relative measurements are used for comparing the
amplitude variations of a response curve at two or more
frequencies. Relative measurements do not require a cali-
brated scale; that is, using the amplitude VERNIER and
other amplitude controls, the gain of the analyzer can be
adjusted so that any input level within the range of 100V
rms to 0.1 4V rms will produce full-scale meter deflection.
This arbitrary full-scale input level then serves as a reference
for measuring signals that are lower in amplitude. When the
linear scale is used, relative measurements are expressed in
“percent of full scale”. When the log scales are used,
relative measurements are expressed in dB below a 0 4B
reference level,

3-34. Uneal. Indicator,

335, As previousty stated, the front panel amplitude
VERNIER control must be in the CAL position for all
absolute measurements. When the VERNIER is not in the
CAL postion, the front panel UNCAL indicator lights to
indjcate that the meter scales are no longer calibrated in
rms volts, dBV or dBm.

3-36. Overload Indicator.

3-37. Figure 3-9 is a simplified block diagram showing the
33581 Input Section. The INPUT SENSITIVITY switch and
its associated VERNIER potentiometer controls the input
attenuation and gain of the Input circuits to maintain the
proper signal level at the input of the Mixer. This is an
important function since signals that overdrive the Mixer
can produce harmonic and spurious mixing preducts which
result in erroncous meter readings. The Overload Detector

3-8

at the input of the Mixer senses when the signal level
exceeds the design limits and, in turn, lights the front panel
OVERLOAD indicator. As previously indicated, the 3581
input circuits are well protected and can withstand momen-
tary overloads up to 100 V rms on all ranges. In most cases,
an OVERLOAD indication simply means that the input
signal is overdriving the Input Circuits or the Mixer and
harmenic and spurious responses may be present. Gener-
ally, any time the OVERILOAD light is off the instrument-
induced distortion and spurious is more than 80 dB below
the full-scale reference level.

pvERLGAD]

OVERLOAD O
DETECTOR

mERNIER

5
SENSITIVITY
)

TNPGT] bl MIXER
> INPUT "
CIRCUITS
OH2-HOKHz

SUM & DIFFERENCE
FREQUENCIES

H0GKH2 to ISOKHz

FROM VTQ

Figure 3-9. Input Section.

3-38. Maximum Input Level,

3-39. The maximum input level is the maximum level that
can be applied to the INPUT without overioading the
instrument. The maximum input level is determined only
by the INPUT SENSITIVITY and amplitude VERNIER
settings and is nor affected by the AMPLITUDE REF
LEVEL setting. With the amplitude VERNIER in the CAL
position, the maximum input level is indicated by a black
panel index adjoining the INPUT SENSITIVITY switch dial
and the OVERLOAD indicator (Figure 3-10). For the Log
scale seftings, the maximum input level is defined by the
black {dB) markings on the INPUT SENSITIVITY switch
dial. For the 3581A, these markings represent dBV or
dBm/600 chms, For the 3381C, the markings represent
dBm/900 chms or dBm/600 ohms. The maximum input
level for the Volts scale setting is indicated by the blue
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Table 3-3. Maximum Input Levels,

N POTENTIAL
'..! INPUT SENSITIVITY (VERNIER in CAL} (VERNIER fuily CCW} DAMAGE LEVEL
SETTING LINEAR MODE LOG MODE LINEAR MODE LOG MODE {Continuous Overload)
+304B/30V 32V + 30 dBV/dBm 100 V= +40dBV/dBm 100 V*
+20dB/10OV v + 20 dBV/dBm 32v +30dBV/dBm
+10dB/3V 32V +10 dBV/dBm 10V +20dBV/dBm
OdBM V 1V 0 dBV/dBm 32V +10 dBV/dBm
- 10dB/O.3V 032v - 10dBV/dBm (A" 0dBV/dBm 100V
- 20dB/OT V 01V - 2D dBV/dBm 0.32V - 10dBV/dBm 50V
- 30dB/30 mV 32 mv - 30 dBV/dBm 01V - 20 dBV/dBm
~ 40 dBf10 mV 10 mV ~ 40 dBV/dBm 32 mv - 30dBV/dBm
- 508B/3 mV 3.2 mvV - B0 dBV/dBm 10 mVv - 40 dBV/dBm
- B0 EB/1 mV 1mv - G0 dBV/dBm 32mv - BOdBV/dBm
- 70dB/0.3 mV 0.32 mV - H0dBV/dBm 1 mV - 80 dBV/dBm 50 vV

CAUTION 3

The differential signal level applied to the 3581C BALANCED-
TERMINATED input must not exceed + 27 dBm at 0 V dc {Paragraph

R

3161}

* Absotute maximum input voltage for 3881 A and 3581C unbaianced and bridged inputs,

{volts) markings on the INPUT SENSITIVITY switch dial.
Note that the maximum input levels for the 30V, 3V,
0.3V, etc. ranges are actually 32V, 32V and 032V,
corresponding to fullscale meter deflection. When the
amplitode VERNIER is rotated counterclockwise away
from the CAL position, the gain of the Input Circuit
decreases, the maximum input level increases and the
markings on the INPUT SENSITIVITY switch diai no
tonger apply. Table 3-3 lists the maximum input levels for
each INPUT SENSITIVITY setting with the amplitude
VERNIER in the CAL and fully counterclockwise posi-
tions. Observing these maximum input levels will ensure
optimum performance on all ranges.

Py

NPUT SENSOVITY INDEX

Figure 3-10. Maximum Input Index.
3-40. Sensitivity.

341, Maximum Sensitivity, Maximum Sensitivity refers to
the smallest signal that can be detected by the analyzer.
The maximum sensitivity of the analyzer is limited by its
own internally generated noise and is commonly defined as
the point where the signal level is equal to the noise level.
This is sometimes called “tangential sensitivity™.

3-42. Nyquist’s Noise Equation® reveals two important
things about noise that apply to the 3581:

a. Noise is proportional fo the square roct of band-
width. ., Noise level decreases and sensitivity increases as
the BANDWIDTH setting is narrowed.

b. Noise is proportional fo the square root of input
resistance. .. The 3581 has a high (1 megohm) input
resistance. This means that noise is largely dependent on
the source resistance placed at the INPUT terminals, Signal
sources having low output resistances will produce a lower
noise level than those having high ouiput resistances.

3-43, Noise ievel is also dependent on the tuned frequency
of the instrument. Semiconductors in the input stages of
the instrument exhibit surface nojse which has a 1/f
frequency spectrum. This surface noise is predominate at
frequencies below 1 kHz. When the 3581 is tuned below
1 kHz, the noise level increases and sensitivity decreases.

344, Figure 3-11 s a family of curves showing the
specified noise levels vs. frequency for the 360 Hz, 30 Hz
and 3 Hz BANDWIDTH settings. Typically, if the source
resistance is less than 10 kilchmns, thie noise levels will be
below those indicated by the curves.

3-45. Full Scale Sensitivity. Full scale sensitivity defines
the input level that will produce full scale deflection on any
given range. For absolute measurements, full scale sensiti-
vity ranges from 30V rms to 0.1 4V rms in the Linear

mode and from + 30 dBV/dBm to - 140 dBV/dBm in the
Log (90 dB) mode. With the amplitude VERNIER control

set fully counterclockwise, fuil scale sensitivity ranges from
approximately 100 V mms o 0.3 pV rms in the Linear mode

i |
\_/ B, = takTBR)/?

o
Where B, = noise level; k = Boltzmann's constant; T = temperature {

K}; B = bandwidth (Hz}; R = inputresistance,
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and from +40dBV/dBm to - 130 dBV/dBm in the Log
mode,

=120

BYW s 300 Hz

;

140 BW = 30Hz

{100nV}

/

./

NOISE dBV

BW =3H7

~ 160

&
G e e e

g K 10K 00K

FREQUENCY

Figure 3-11. Noise vs. Freguency.

3-46. Dynamic Range.

3-47. For operating purposes, the dynamic range of a wave
analyzer can be defined as the ratic of the largest to
smallest signals it can measure for a given range setting. The
largest signal that can be measured (full-scale sensitivity)is
determined by the INPUT SENSITIVITY, amplitude VER-
NIER and AMPLITUDE REF LEVEL settings. The smailest
signal that can be measured is determined by:

a. instrument-induced distortion and spurious
b. display range
¢. internal noise foor {maximum sensitivity)

3-48. Distortion and Spurious. When the OVERLOAD
light is off, the instrument-induced distortion and spurious
is more than 80 dB below full scale.

3-49. Dispiay Range and Noise Floor. When the volts scale
is selected, the smallest signal that can be measured is
approximately 10% of full scale. Thus, the dynamic range is
about 20 dB as long as the noise fioor is more than 20 dB
below full scale. When the Log 9C dB scale is selscted,
displayed readings of less than -80 dB are not specified. The
dynamic range is 80 dB as long as the noise floor s more
than 80 dB below full scale. When the Log 10 dB scale is
selected, the dynamic range is 10 dB as limited by the
display range.

3-50, Meter Scales,

3-51. Refer to Figure 3-12 for the following discussion,
The 3581 SCALE buttons permit selection of three scale
settings: Volts (linear), Log 90 dB and Log 10 dB.

3-52. Voitage Scales. When the Volts SCALE button is
pressed and the amplitude VERNIER is in the CAL

3.10 Rev. A
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position, the meter indicates signal amplitude in rms volts
{average responding). There are two voltage scales on the
meter. These are scales Cand D, Scale € ranges from 0 to 1
and scale D ranges from 0 1o 3.2, The full-scale sensitivity is
indicated by the white window on the INPUT SENSITI-
VITY switch digl. If the full-scale sensitivity is iI0V, 1V,
0.1V, etc,, read the meter using scale C. If the fullscale
sensitivity is 30V, 3V, 0.3V, elc., read the meter using
scale D. Refer to Paragraph 3-56 for further information
concerning the use of the linear scales.

e T
-

TR L

in R

Figure 3-12. Meter Scales.

3-53. Log Scales, When the Log 90dB or Log 10dB
SCALE button is pressed and the amplitude VERNIER isin
the CAL position, the meter indicates signal amplitude in
dBV or dBm as selected by the front panel Calibration
switch. When the VERNIER is not in the CAL position, the
meter indicates relative amplitude in dB.

3-54, There are two logarithmic scales on the meter. These
are scales A and B. When the Log 90 dB SCALE button is
pressed, the meter can be read using scale A which ranges
from 0 dB to - 90 dB. For absolute measurements, a reading
of 0 dB corresponds to the full-seale reference indicated by
the white window on the INPUT SENSITIVITY switch
dial. The absolute signal level is the algebraic sum of the
full-scale reference and the meter reading. For example, if
the full-scale reference is - 40 dB and the meter reading is
0 dB, the signal amplitude is - 40 dBV or dBm. Similardy, if
the full-scale reference is - 20 dB and the meter reading is
- 40 dB, the signal amplitude is - 60 dBV or dBm.

3-55. When the Log 10 dB SCALE button is pressed, the
meter scale is expanded to 1 dB per division over a 1G dB
range. The meter can then be read using scale B which
ranges from 0 dB to - 10 dB. The Log 10 dB scale can be
read in the same manner as the Log 90 dB scale. A reading
of ( dB corresponds to the fuil-scale reference indicated on
the INPUT SENSITIVITY switch dial. The full-scale refer-
ence can be adijusted from 0dB to -70dB using the
AMPLITUDE REF LEVEL switch. The absolute signal leve]
is the algebraic sum of the full-scale reference and the meter
reading. Refer to Paragraph 3-65 for further information
concerning the use of the log scales.

3-56. Using the Linear {(Volts) Scales.

3-37. For ampiitude measurements using the linear scales,

the full-scale sensitivity is defermined by the INPUT

s N
o
i
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SENSITIVITY and AMPLITUDE REF LEVEL switch
settings. The INPUT SENSITIVITY switch controls the
input attenuation and gain of the input circuits to establish
the maximum input level as outlined in Paragraph 3-37. The
AMPLITUDE REF LEVEL switch controls an IF attenua-
tor which determines the gain of the IF Amplifier and the
meter sensitivity. As the AMPLITUDE REF LEVEL switch
is rotated in a clockwise direction, the IF atienunation
decreases, the IF gain increases and the full-scale sensitivity
increases.

3-58. By observing the INPUT SENSITIVITY and AMPLI-
TUDE REF LEVEL controls, it can be noted that the full
scale {blue) markings on the INPUT SENSITIVITY switch
dial are indicated by a white window that is mechanicalty
linked to the AMPLITUDE REF LEVEL switch. Changing
the position of either switch changes the full-scale sensiti-
vity in a 30V, 10V, 3V, 1V sequence. Changing the
INPUT SENSITIVITY switch setting changes the maximum
input level gnd the fullscale sensitivity. Changing the
AMPLITUDE REF LEVEL switch setting changes the
full-scale sensitivity but does not effect the maximum input
levei, For example, if the INPUT SENSITIVITY switch is
sei for a maximum input of 1 V rms, and the AMPLITUDE
REF LEVEL switch is set to the X0.1 position, the
fullscate sensitivity is 0.1 V rms but the maximum input
level is still 1 V rms. Signals between 0.1 Vzms and 1V rms
will overdrive the meter but will not damage the instrument
or hinder its ability to measure signals within the 0V to
0.1 V range.

NOTE

When using the linear (Voltage) scales, be sure
the Calibration switch Is set to the dBV/LIN
(35814) or dBm SO0Q/LIN {3581C) position.

3-59. Relative Measurements (Linear Scale). For relative
mmeasurements using the linear scale, the INPUT SENSITI
VITY and amplitude VERNIER controls are adjusted so
that the reference signal produces fullscale deflecticn on
the 0 to 1 meter scale. Whenever possible, this should be
done with the AMPLITUDE REF LEVEL switch set to the
X1 position. Signals below the reference level are then
measured in “percent of full scale” where the reference is
100% and each major division of the 0 to 1 meter scale is
10%. Signals below 30% of full scale can be measured on an
expanded scale by changing the AMPLITUDE REF LEVEL
setting. With the AMPLITUDE REF LEVEL switch set to
the first unmarked position between X1 and X0.1, the
meter range is from 0 o 32% and the meter can be read
using the 0 to 3 scale. A reading of “3” cosresponds lo
30%. With the AMPLITUDE REF LEVEL switch set to the
X0.1 position, the meter range is from O to 10% and the
meter can be read using the O to 1 scale. As the
AMPLITUDE REF LEVEL switch is rotated further clock-
wise, the ranging sequence is 3%, 1%, 0.3% and 0.1%. The O
to | meter scale can be read for the 100%, 10%, 1% and
0.1% ranges and the O to 3 scale can be read for the 30%,
3% and 0.3% ranges.
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3-60. If, when measuring lowdevel signals, a fullscale
reference cannot be obtained with the AMPLITUDE REF
LEVEL switch in the X1 position, a lower setting can be
used. The setting on which the full-scale reference is
obtained becomes the 100% range and the lower settings
become the 30%, 10%, 1%, etc. ranges.

3-61. Alternative Method, Another method for deter-
mining the relative amplitude of two signals is to first
measure the absclute voltage levels and then caleulate their
relative amplitude using the following formula:

_v2
V1 X100

Where:
A = relative amplitude in percent
V1 = reference level in rms voits
V2 = gignal level in rms volts

3-62. Using the Amplitude Ref, Level Control. Whenever
possible, the AMPLITUDE REF LEVEL switch should be
feft in the NORMAL (X1) position and the INPUT
SENSITIVITY switch should be used to set the full-scale
sensitivity. This is because the Amplitude Calibration
Procedure (Paragraph 3-173) is performed with the AMPLI-
TUDE REF LEVEL switch in the NORMAL position and
any error introduced by the IF Attenuator is adjusted out.
When the AMPLITUDE REF LEVEL setting is changed
from the NORMAL position, the accuracy of the IF
Attenuator must be considered. This means that a possible
worst-case error of + 3% of full scale must be added to the
amplitude accuracy specification. Amplitude accuracy is
discussed in Paragraph 3-72.

3-63. The INPUT SENSITIVITY and AMPLITUDE REF
LEVEL controls provide a total of I8 voltage ranges 30V
to 0.1 V). The top 11 ranges can be selected using the
INPUT SENSITIVITY switch with the AMPLITUDE REF
LEVEL switch set to the NORMAL position. The seven
bottom ranges can be selected using the AMPLITUDE REF
LEVEL control with the INPUT SENSITIVITY switch set
to the 0.3 mV (full CW) position.

3-64. The AMPLITUDE REF LEVEL switch can also be
used for expanded scale measurements where the input
level is 0.3 mV mms or greater and the components to be
measured are less than 30% of full scale. In this case, the
AMPLITUDE REF LEVEL switch should initially be set to
the X1 position and the INPUT SENSITIVITY switch set
to the lowest range that does not produce an OVERLOAD
indication. The AMPLITUDE REF LEVEL control can
then be adjusted so that the low level signals of interest can
be measured.

3-65. Using the Log Scales.

3-66. The 3581A log scales can be used for absolute
measurements in dBY (1 V rms = 0 dBV) or dBm/600 ohms

3-11
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or for relative measurements in dB. The 3581C log scales
can be used for absclute measurements in dBm/900 ohms
or dBm/600 ohms or for relative measurements in dB. For
absolute measurements, the unit of measure (dBV,
dBm/600 §2, dBm/900 ) is determined by the position of
the front panel Calibration switch.

3-67. When the Log 90 dB scale is selected, the dynamic
range of the meter scale is 90 dB although the specified
dynamic range of the instrument is 80 dB, The region
between - 80 dB and - 90 dB is useful for detecting the
presence of low-level signals but should not be used for
neasuTeImnents.

3-68. With a dynamic range of 80 dB, only eleven fuliscale
ranges are needed to cover the full measurement range of
the instrument. These eleven ranges are selected using the
INPUT SENSITIVITY switch. For absolute measurements,
the full-scale sensitivity ranges from + 30 dBV/dBm to
- 70 dBV/dBm.

3-69. The maximum input level for the log scales is
determined by the INPUT SENSITIVITY and amplitude
VERNIER settings, For absolute measusements, the full-
scale sensitivity is indicated by the white window on the
INPUT SENSITIVITY switch dial. The log scales, however,
do not require an IF attenuator and the AMPLITUDE REF
1EVEL switch cannot be used to extend the measurement
range. When the Log 90 dB scale is selected and the
AMPLITUDE REF LEVEL swiich is rotated away from the
0dB (NORMAL) position, the meter reading is offset in
steps of 10 dB. Each time the meter reading is offset, the
fullscate reference becomes 10 dB lower as indicated by
the white window. At the same time, however, the dynamic
range decreases by 10 dB. With the AMPLITUDE REF
LEVEL switch set to the - 70 dB position, the full-scale
reference is 70 dB below its original value but the dynamic
range is only about 10 dB.

3-70. The ability to offset the meter reading on the Log
90 dB scale is useful for some measurement applications. In
most cases, however, all measurements can be made with
the AMPLITUDE REF LEVEL switch in the NORMAL
position. Any time the AMPLITUDE REF LEVEL setting
is changed from the NORMAL position, the dynamic range
decreases and a possible worst-case error of = 1 dB must be
added to the amplitude accuracy specification.

3-71. When the Log 10 dB scale is selected, the meter
sensitivity Is increased to 1 dB per division over a 10 dB
range. The Log 10 dB scale corresponds to the top 10 dB of
the Log 90 dB scale. Thus, by cifseiting the meter reading
using the AMPLITUDE REF LEVEL control, any 10 dB
portion of the 80 dB range can be selected. For the Log
10 dB scale, the black (dB) markings on the AMPLITUDE
REF LEVEL switch dial indicate the fullscale level with
respect to the G dB reference. For example, i the switch is
set to the- 10 dB position, the full-scale level is- 10 dB and
the meter scale ranges from - 10 dB to - 20 dB. Similarly,
with the switch in the - 60 dB position, the full-scale level is
- 60 dB and the meter scale ranges from - 60 dB to - 70 dB.
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3-72. Amplitude Accuracy.

3-73. The Amplitude Accuracy specification listed in Table
1-1 is as follows:

AMPLITUDE ACCURACY LOG LINEAR

Frequency Response
3581A and 3581C Unbal-

anced:

15 Hz to 50 kHz £ 0.4dB 4%

3581C Balanced Inputs:

40 Hz to 20 kHz +0.5dB * 5%
Switching Between Bandwidths: + 0.5 dB £ 5%
Amplitude Display: =2 dB £ 2%
Input Attenuator: + 0.3 dB + 3%
Amplitude Reference Level

(IF Attenuator)
Most Sensitive Range: +1 dB + 10%
All Other Ranges: * dB + 3%

3.74. The Amplitude Accuracy specification is broken
down so that portions of the specification that do not
apply to a particular measurement can be eliminated. All
applicable portions of the specification must be added
together fo obtain the overall accuracy specification. It
should be noted that the overall accuracy specification
reflects the absolute worst-case error that could possibly be
encountered. Typically, all parameters are well within their
specified tolerances and the probability of having a worst-
case condition is very siight. As more parameters are added
to the specification, the magnitude of the possible worst-
case error increases but the probability of having a
worst-case condition greatly decreases.

3-75. The Frequency Response, Amplitude Display and
Input Attenuvator specifications must always be taken into
account when calculating the overall accuracy specification.
Excluding the Switching Between Bandwidths and Ampli-
tude Ref. Level specifications, the worst-case error is
% 2.7 dB in the Log mode or + 9% of reading in the Linear
mode.

3-76. The Switching Between Bandwidths specification can
be disregarded as long as the Amplitude Calibration
Procedure is performed on the BANDWIDTH setting that is
vsed for measurements. If the BANDWIDTH setting is
changed, the Switching Between Bandwidths specification
must be added to the overall accuracy specification.
Similarly, the Amplitude Ref. Level specification can be
disregarded as long as the AMPLITUDE REF LEVEL
control is in the NORMAL position. If the AMPLITUDE
REF LEVEL sctting is changed, the Amplitude Ref. Level
specification must also be added to the overall accuracy
specification.

3-77. Internal Cal, Signal.

3-78, With the INPUT SENSITIVITY switch set to the
CAL position, the high INPUT terminal on the front panel

e
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is disconnected and an intermnally generated calibration
signal is applied to the Input Amplifier. The calibration
signal is a highly accurate 15/85 duty cycle pulse tfrain
which provides a 10 kHz fundamental frequency compo-
nent along with odd and even harmonic components spaced
at 10 kHz intervals (Figure 3-13). The magnitude of the
puise is such that the fundamental frequency component
produces full scale deflection when the instrument is
propetly calibrated. The amplitudes of the harmonic
components are not meaningful. The calibration signal can
be used for ampiitude calibration or to verify the frequency
accuracy of the instrument.

Figure 3-13. CAL Signal.

3-79. In the Amplitude Calibration Procedure (Paragraph
3-173), the front panel 10kHz CAL potentiometer is
adjusted so that the 10 kHz fundamental frequency compo-
nent of the cal. signal produces full scale defiection. This
calibrates all circuitry following the input attenuator to a
full scale accuracy of £ 1.5% at 10 kHz.

3-80. Bandwidth Setting.

3-81. Refer to Figure 3-14 for the foillowing discussion.
The 3581 uses a hetrodyne technique where the O Hz to
50 kHz input signal is mixed with 2 100 kHz to 150 kHz
signal from a Voltage-Tuned Local Oscillator (VTO). To
select a given frequency present at the input of the Mixer,
the VTO frequency is tuned so that the difference between
it and the frequency of interest is 100 kHz. The 10C kHz
intermediate frequency (1¥} is fed through the IF Filter,
detected and applied to the meter. Signals outside the
passband of the IF Filter are rejected. The BANDWIDTH
setting determines the bandwidth of the IF Filter and thus,
the selectivity of the instrument,

OVERLOAD ()
OETECTOR

o [ERRIER
WUT “““ Q_E
SENSITIVITY]

‘l

BANDWIDT 1

y - \
INPUT] % i 105 KH
KHz
INPUT
IF FILTER o | F
CIRCUITS Y {{O0KHz}
: 1 0 Hz-50KHz SUM & DIFFERENCE
FREQUENCIES
10CKHz to 150KHZ
FROM VTO

Figure 3-14. Frequency Tuning.
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3-82. For operating purposes, the 3581 input channel can
be pictured as a bandpass filter that can be manually tuned
or swept over the OHz to 50 ktz frequency range. The
instrument responds only to signals passing through the
filter and thereby sorts out the various frequency compo-
nents present at the input. The BANDWIDTH sefting
determines the width of the filter skirts at the - 3 dB points
above and below the tuned frequency:

Lower 3 dB Point = f, - .g_‘i’
Upper 3 dB Point = fo + «gﬁ
Where:

fo, = Tuned Freguency (0 Hz to 50 kHz)
BW = BANDWIDTH Sesting (3 Hz — 300 Hz)

3-83. IF Bandpass Characteristic. Many signal analyzers
use active filters that have very steep skirts and a
square-shaped bandpass characteristic that approaches the
ideal “window filter”. This type of filtering provides a high
degree of selectivity, but because of its long transient
response time, is not well suited for swept frequency
applications. The 3581 IF Filter consists of 3 synchron-
ously-tuned crystal filter stages. The bandpass characteristic
of the synchronously-tuned filter (Figare 3-15) closely
approximates & gaussian response. The gaussian filter
provides good selectivity and, because of its relatively short
transient response time, is considered optimum for sweep-
ing.

Figure 3-15. IF Filter Response.

3-84. Shape Factor. The shape factor of the 3581 IF Filter
is approximately 10:1 or the 3 Hz through 100 Hz band-
widths and 8:1 on the 300 Hz bandwidth. A shape factor of
10:1 means that the filter skirts are [0 times wider at the
- 60 dB points than at the -3 dB points. Similarly, a shape
factor of 8:1 means that the skirts are § times wider at the
-60dB points than at the -3 dB points. On the 10Hz
bandwidth, for example, the - 3 dB points are 10 Hz apart
and the - 60 dB points are 10 x 10 or 100 Hz apart. The
filter is, in effect, centered on the tuned frequency, f,, and
exhibits 3 dB of rejection fo signals that are £ 5 Hz away
from I, and 60 dB of rejection to signals that are £ S0Hz
away from f,.

3-13
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3-85. Equivalent MNoise Bandwidth. When making noise
measurements with the 3581, it is necessary io use the
“equivalent noise bandwidth” rather than the 3 dB band-
width indicated by the BANDWIDTH setting. In the 3581,
the equivalent noise bandwidth is 12% wider than the
absolute 3 dB bandwidth. Note that the absoluie 3 dB
bandwidth can be about 15% wider or narrower than the
BANDWIDTH setting. For optimum accuracy, measure the
apsotute 3 dB bandwidth of your instrument and use that
figuze to calculate the equivalent noise bandwidth,

3-86. Bandwidth Selection. There are 4 things to consider
when selecting a BANDWIDTH setting:

1) Resolution
2} Low Frequency Limit
3) Response Time

4} Noise Rejection

Figure 3-16. Response of CW Signals.

3-87. Resolution. Resolution is the ability of the analyzer
to separate signals that are closely spaced in frequency. An
important point here is that the response of the analyzer to
a CW signal is an amplitude vs. frequency plot of the IF
Fiiter (Figure 3-16). The width and shape of the filter skirts
are, therefore, the major Hmitations of resolution. If two
CW signals appear in the passband (+ 3 dB points) simultan-
eously, they cannot be separated (Figure 3-17). If two
signals differing widely in amplitude are both inside the
fitter skirts, the response of the larger signal can hide or
obscure that of the smaller signal (Figure 3-18). If the

CANNOT BE
RESCLVED

TWO SIGNALS
{N PASSBAND

Figure 3-17. Two Signals in Passband.
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Figure 3-18. Large Signal Hides Small Signal.

amplitude of the smalier signal is greater than that of the
skirt produced by the larger signal, the peak of the smaller
signal can be resolved (Figure 3-19). For optimum resolu-
tion, the bandwidth should be narrowed to the point where
only one signal is inside the filter skirts at any given time.
Generally, the width of the filter skirts at the - 80 dB point
does not exceed 15 times the 3 dB bandwidth. Thus,
optimum sesoluiion can aiways be obtained when the
frequency separation between signals is at least 15 times the
BANDWIDTH setting.

Figure 3-19. Small Signal Resolved.

3-88. Table 34 lists the gpproximafe maximum resciution
for two signals whose relative amplitude is within the range
of 0dB to 70 dB. For example, on the 100 Hz Bandwidth,
it is possible to resolve two signals thai are equal in
amplitude and 2 X BW or 200 Hz apart. Similarly, it is
possible to resolve two signals that differ in amplitude by
40 dB and are 5 X BW or 500 Hz apart.

Table 3-4. Frequency Resolution.

Armnpi Max
Difference Resotution
QdB 2 X BW
10d8 2 X BW
20dB 5 X W
30d8 5 X BW
40dB 5 X BW
50dB 10 X BW
6048 10 X BW
70dB 10 X BW

BW = BANDWIDTH setting
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3-89. Low Frequency Limit. To ufilize the full dynamic
range of the instrument at low [requencies, the lowest
frequency to be resolved must be at least 5 times the
selected BANDWIDTH. This low frequency limit is due fo
the zero response described in the following paragraphs.

3-90. As the 3581 frequency is tuned toward O Hz, the
VTO frequency approaches the 100 kHz IF. Although the
VTO signal is suppressed by the use of a double balanced
mixet, part of the VTO signal feeds through the 100 kHz IF
Filter and appears on the meter. The response produced by
the VTO signal peaks at 0 Hz and is appropriately called the
“zero response”, As with any other CW signal, the zero
response is an amplitude vs. frequency plot of the IF Filter
(Figure 3-20). The wider the bandwidth, the wider the zero
resporise.

Figure 3-20. Zero Response {300 Hz BW).

3-91. The amplitude and bandwidth of the zero responsce
determines the lowest frequency that can be resolved, For
any BANDWIDTH setting, the peak amplitude of the zero
response is more than 30 dB below the full scale reference
set by the INPUT SENSITIVITY and amplitude VERNIER
controls {AMPLITUDE REF LEVEL switch in NORMAL
position}. With the zero response more than 30 dB below
full scale and a dynamic display range of 80 dB, the
maximum difference between the peak of the zero response
and any measurezble input signal is between 40 dB and
30 dB. Table 34 indicates that the maximum resolution
between iwo signals whose relative amplitude is between
40 dB and 50 dB is 5 times the BANDWIDTH setting.

3-92. Response Time. Generally, when making swept fre-
quency measurements, it is desirable to have good resolu-
tion and, at the same time, sweep as rapidly as possible.
This involves a definite trade off since the narrower
bandwidths provide the greatest resolution but require
slower sweep rates. As the bandwidth is narrowed, the IF
Filter takes longer to respond to electrical changes taking
place at its input, Consequently, the sweep rate must be
slow so that the signal remains in the passband long enough
for the filter to fully respond. Optimum sweep rate is
discussed in Paragraph 3-122.

3-93. Noise Rejection. The maximum sensitivity of the
analyzer is limited by its own internally generated noise. As
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outlined in Paragraph 3-42, internal noise is a function of
bandwidth, input resistance and tuned frequency. The
narrower bandwidths provide the greatest noise rejection.

3-94. Freguency Setting.

3-95. The front panel FREQUENCY control tunes the
frequency of the analyzer over the 0 Hz to 50 kHz range.
The control can be used to manually tune the analyzertoa
specific signal component or fo set the start frequency of a
sweep. The tuned frequency js indicated on the digital
frequency display.

3.96. The FREQUENCY control has two selectable drive
ratios to permit coarse or fine funing. Coarse tuning is
selected by pushing the knob toward the front panel; fine
tuning is selected by pulling the knob outward, In the
coarse position, one revolution of the knob changes the
frequency by approximately 2.7 kHz. In the fine position,
one revoiution changes the frequency by approximately
73 Hz.

3-97. Frequengy Display. The 33581 has a builtdn fre-
quency counter which provides a digital reading of the
tuned frequency. The frequency display ranges {rom O Hz
to approximately 51,000 Hz when the internal L.O. is used
or from 0 Hz to 60,000 Hz when an external L.O. is used
(Paragraph 3-148). Display resolution is 1 Hz. When the
analyzer is tuned below OHz, the frequency digits are
blanked and the decimal points light to indicate an out of
range condition.

3-98. The specified accuracy of the frequency display is
% 3 Hz. This means that when the analyzer is tuned to a
given signal using AFC or by manually tuning for a peak
amplitude reading, the frequency reading will be within
+ 3 Hz of the signal frequency.

3-89, Automatic Freguency Control.

3-100. The purposes of the Automatic Frequency Control
(AFC)are:

a. To simplify manual tuning by automatically fine
tuning the analyzer to the signal to be measured.

b. To lock the analyzer’s tuning to the signal compo-
nent so that measurements are not affected by frequency
drift and phase noise in the signal source {or 3581).

3101, Pull-ln Range. The “pullin range” (sometimes
called “capture range”) is the frequency range over which
the AFC can gequire lock. In order for the AFC to pullin
and lock to a signal, the 3581 must first be manually funed
to within the pulldn range above or below that signal. For
example, if the pull-in range is + 100 Hz and the signal to
be measured is 1 kHz, the 3581 must be manually tuned
between 900 Hz and 1100Hz (1 kHz =+ 100Hz). The

3-15
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Table 3-5. Typical Pull-in Range.
I.OG SCALE VOLTS SCALE
SIGNAL AMPLITUDE? SIGNAL AMPLITUDE*
Bandwidth {dB below full scale} {percent of full scale}
Setti
sting 0dBto-30dB | -30dBto-60dB | -60dB to-70d8* - 70 4B to - 75 dB* | 100% to 30% | 30% to 10%
300 Hz + 900 Hz + BCO Hz + 400 Hz + 300 Hz + 400 Hz + 200 Hz
100 Hz + 500 Hz + 300 Hz + 200 Hz + 100 Hz + 160 Hz + B0 Hz
30 Hz + 150 Mz + 80 Hz + 60 Hz + 30 Hz + 485 Hz * 156 Mz
10 Hz % B0 Mz + 30 Hz + 20 Hz + 10 Hz £ 156 Mz + B Hz
3 Mz + 15 Hz + S Hz + B Hz + 3 Hz & 4 Mz + 1Hz

*To acquire lock, a signal must be at least 15 dB above noise floor.

pull-in range for the 3581 is determined by the BAND-
WIDTH setting, the SCALE setting and the signal ampli-
tude. Typical pull-in ranges are listed in Table 3-5.

3-102. Hold-in Range, The “hold-in range” is the fre-
quency range over which the AFC can maintain iock. The
specified hoid-in range for the 3581 is & 800 Hz. This
means that once the AFC is locked to a signal, the
frequency of that signal can drift up to + 800 Hz and the
AFC will remain locked. Note, however, that the drift rate
of the signal must be slow enough for the AFC to track
properly. The maximum rate at which the AFC can track a
signal is determined by the BANDWIDTH setting. As the
bandwidth is narrowed, the AFC loop becomes slower and
the maximum tracking rate decreases. Table 3-6 lists the
approximate maximum frequency drift rate for each
BANDWIDTH setting.

Table 3-6, Maximum Drift Rate.

MAXIMUM

BANDWIDTH DRIFT BATE
300 Hz 400 Hz/sec
100 Mz 400 Hz/sec
30 Hz 40 Hz/fsec
10 He 4 Mz/sec
3Hz 0.4 Hzfsec

3-103. Lock Frequency. The AFC Lock Frequency speci-
fication indicates that when the AFC is locked the input
signal is less than % 1 Hz away from the center of the
passband. Due to component aging and eavironmentsl
factors, the lock frequency may drift out of tolerance. This
can be corrected by performing the Reference Oscillator
Frequency Adjustment outlined in Section V.

3-104. Using the AFC. To use the AFC simply tune the
analyzer ic within the pulldin range of the signal fo be
measured and press the AFC button. The AFC UNLOCK
annuneiator will light, the frequency reading will change
and the meter reading will increase as the analyzer is
automatically tuned toward the signal frequency. When the
analyzer is properly tuned or “locked” to the signal, the
AFC UNLOCK annunicator will go out. Anytime the AFC
is locked o @ signal, the frequency reading will be within
* 3 Hz of the signal frequency.

3-105. The AFC circuit is designed to allow the analyzer to
be manually tuned while the AFC is turned on. However,
when the analyzer is not tunsd near a signal component,
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the AFC circuit may respond o noise signals. This makes
the frequency unstable and causes the last digit of the
frequency display to rack. Also, when the Volts scale is
selected, the frequency tends to drift slowly in one
direction. For these reasons, it is generally more convenient
to leave the AFC off while manually tuning the analyzer.
The AFC should always be off when the analyzer is
sweeping.

3-106. Frequency Span Setting.

3-107. For electronic and manual sweeps, the FRE-
QUENCY control is used to set the start frequency and the
FREQ SPAN control is used to set the spectrum width or
“end frequency”. Excluding the 0 Hz position, there are
ten frequency span settings ranging from 50 Hz to 50 kHz.

3-108. 0 Hz Span. With the FREQ SPAN switch set o the
0 Hz position, the instrument remains at the frequency
indicated on the frequency display. The sweep generator,
however, remains operative and an X~Y recorder or storage
scope connected to the Recorder outputs can be swept af
the rate selected by the SWEEP TIME control. The result is
a graphical display of amplitude vs. fime.

3-109. The ampiitude vs. time feature allows the 3581 ¢o
be used as an AM detector for observing the amplitude
variaticns of a signal that occur over relatively long periods
of time. For example, the amplitude of the 10 kHz sine
wave shown in Figure 3-21A appears stable on a conven-
tional oscilloscope but is actually varying at a very slow
rate. Figure 3-21B shows an amplitude vs. time display of
that signal for a 2,000 second period. The amplitude vs.
time display shows that the 10kHz siznal is amplitude
modulated by a triangular shaped signal whose frequency is
0.00166 Hz.

B- MODULATION
ENVELOPE

A~ MODULATED
10 kHz SIGNAL

Figure 3-21, Amplitude vs. Time.

3-110. Because of its narrow bandwidth, the 3581 cannot
respond to rapid changes in amplitude, When it is used as an

S
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AM detector, the maximum modulating frequency to which
it can respond properly is approximately 100 Hz for the
300 Hz BANDWIDTH setting.

3-111. Sweep Modes.

3112, The front panel SWEEP MODE switch permits
selection of five sweep modes:

1) REP (Repetitive)

2) SING (Single)

3) RESET

4} MAN (Manual)

5} OFF
3-113. Repetitive Mode. In the Repetitive sweep mode,
the instrument sweeps continuously over the selected

frequency range. The duration of each sweep is determined
by the SWEEP TIME setting.

3-114. Single Mode. When the Single sweep mode is
selected, the instrument sweeps one time over the selected
frequency range and stops at the end frequency. The
instrument remains at the end frequency until another
sweep mode is sclected or until a new sweep is initiated. A
new sweep can be initiated by sefting the SWEEP MODE
switch to RESET and back to SINGLE. If the External
Trigger line (Paragraph 3-129) is low when the sweep is
reset, the new sweep will not start until a trigger is applied.
However, the single sweep cannot be teset by an external
trigger and must be reset manually.

3-115. The Single sweep mode is particularly useful for
making single XY recordings where retrace is not desired.
The operator can start the sweep, go about his business and
return later to retrieve the completed recording.

3-116. Reset Mode, When the Reset mode is selected, the
sweep generator resets, the X-Axis recorder output goes to
0V and the instrument remains at the start frequency
indicated on the frequency readout. The front panel
ADJUST light (paragraph 3-124) is operative in the Reset
mode, making it a convenient mode to use for setting sweep
parameters.

3-117. Manual Mode. When the Manual mode is selected,
the electronic frequency sweep is disabled and frequency
control is transferred to the MANUAL VERNIER potenti-
ometer. When the vernier control is fully counterclockwise,
the instrament is at the start frequency set by the
FREQUENCY control and the X-Axis recorder output is at
0 V. As the vernier is rotated in a clockwise direction, the
frequency increases and the X-Axis output voltage increases
just as it does with the electronic sweep. When the Vernier
is fully clockwise, the instrument is at the end frequency
determined by the FREQ SPAN setting and the X-Axis
output is at + 5 V. Since the manual sweep fuily duplicates
the span of the electronic sweep, i1 can be used to calibrate
an X—Y recorder or scope connecied to the Recorder
oufputs. The manual sweep can also be used for fine tuning
with the FREQ SPAN set to 50 Hz.
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3-118, Off Mode. When the Off sweep mode is selected,
the sweep generator is resel just as it is in the Reset mode.
The only difference is that the front panel ADJUST light is
disabled in the Off mode. The Off mode is a convenient
mode to use when manuaily tuning the analyzer.

3-119. Sweep Time and Sweep Rate.

3-120. Sweep Time Controf, The front panel SWEEP
TIME control provides 14 sweep time settings ranging from
0.1 second to 2,000 seconds.

3-121. Sweep Rate. The sweep rate in Hz per second is
determined by the FREQ SPAN and SWEEP TIME settings:

Where:

R = sweep rate in Hz/sec
F; = FREQ SPAN setting
T = SWEEP TIME setting

Increasing the frequency span or decreasing the sweep time
increases the sweep rate.

3-122. Optimum Sweep Rate. The optimum sweep rate is
the maximum rate at which the frequency can be swept
without excessively compressing or skewing the amplifude
response. When the 3581 is sweeping at what is considered
to be the optimum rate, the amplitude compression is
about 2%.

3-123. The optimum sweep rate is determined by the
response time of the instrument. If the response time is
long, the sweep rate must be slow so that the instrument
can respond properly. The response time of the 3581 is
determined by the BANDWIDTH and DISPLAY SMOOTH-
ING settings. Narrowing the bandwidth or increasing the
display smoothing increases the response time and, there-
fore, decreases the optimum sweep rate.

3-124. Optimum Sweep Indicator, The 3581 is equipped
with an internal detector that monitors the BANDWIDTH,
IMSPLAY SMOOTHING, FREQUENCY SPAN and SWEEP
TIME control seitings. When these control settings are such
that the sweep rate exceeds the optimum sweep rate, the
front panel ADJUST indicator #thuminates.

3-125. To sweep at the optimum sate, select the Reset
mode and set the FREQUENCY, FREQUENCY SPAN,
BANDWIDTH and DISPLAY SMOOTHING controls to
obfain the desired measurement parameters. Then, starting
with a slow SWEEP TIME setting, increase the sweep rate
until the ADJUST light first comes on. When the ADJUST
light comes on, rotate the SWEEP TIME control one
position counterclockwise. The ADJUST light will go out
and the instrument will be set to sweep at the oplimum
rate.
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3-126. For closed-loop measurements where the 3581 is
used as a network analyzer, the optimum sweep rate is
determined by the 35381 BANDWIDTH and DISPLAY
SMOOTHING control settings and by the bandwidth of the
network under tesi. During closed-oop measurements, the
input frequency is always near the center of the passband
and the IF Filter is required to respend oniy to amplitude
variations introduced by the network. For this reason, the
optimum sweep rate for closeddoop measurements is
generally much faster than it is for open-soop measure-
ments. In many closed-loop measurement applications the
sweep rate can be set 3 or 4 positions fasier than the
optimum rate indicated by the ADJUST light,

3-127. If the optimwm sweep rate is not limited by the
bandwidth of the 3581, it may be limited by the bandwidth
of the network under test. For bandpass and low pass
filters, a rough approximation of optimum sweep rate can
be made using the following formula:

BW?

R 2
Where:

R = optimum sweep rate in Hz/sec

BW = bandwidth of network under test

3-128, The bandwidth limitations and ofher variables such
as the response time of an X-Y recorder make it difficuit
io predict the optimum sweep rate. When using an X-Y
recorder the simplest approach is fo start with a very slow
sweep and, while observing the response curve, graduaily
increase the sweep rate until the amplitude of the response
curve begins to compress (this may require several sweeps).
At that point, the sweep rate is too fast. This same
technique can be applied when using an oscilloscope.
However, since the response time of a scope is much faster
than that of an XY recorder, it is generally convenient to
start with the optimum sweep rate set using the ADJUST
light.

3-129. External Triggering.

3-130. The rear panel EXT TRIG IN connector enables the
frequency sweep to be remotely triggered using a contact
closure or TTL output. External triggering can be used in
the Single or Repetitive sweep mode.

3.131. To remotely trigger the frequency sweep, apply the
following levels to the center terminal of the EXT TRIG IN
conanector:

Sweep Inhibit: ground (thru < 4702) or
~12Vdeto+ 14V de

Sweep Trigger: open or +4.5 Vdcto+ 20V de

NOTE
The outer shield of the EXT TRIG IN connec-
tor is connected to case ground. The center

terminal of the connector is the trigger line,
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3-132. The duration of the sweep trigger should be greater
than 1 microsecond but less than the iotal sweep fime,
When the sweep is triggered in the Single sweep mode, the
mstrument sweeps one time and stops at the end frequency,
The sweep must then be reset manually. This can be done
by setting the SWEEP MODE switch to RESET and back to
SING. If the trigger line is low when the sweep is reset, the
new sweep will not begin until a trigger is applied. When the
sweep is triggered in the Repetitive sweep mode, the
instrument sweeps one time and resets to the start
frequency. When the sweep resets, an internal 0.2 sec to
2 sec. delay is initiated to allow time for the IF Filter to
settle. The sweep cannot be retriggered until after the delay
is over. This applies to both the Single and Repetitive sweep
modes. Table 3-7 lists the approximate delay time for each
BANDWIDTH setting.

Table 3-7. Delay Times.

BANDWIDTH DELAY
300 Hz 0.2 sec.
100 Hz 0.2 sec.

30 Hz 0.2 sec.
10 Hz 0.5 sec,
3 Hz 2 sec.

3-133. Recorder Qutputs.

3-134. Recorder outpuis are provided on the rear panel of
the 3581 to permit the use of an external X-Y recorder/
piotter or variable persistance scope. Two instruments
recommended for use with the 3581 are:

-hp- Model 70358 Option 020 X-Y Recorder
-hp- Model 1201A/B Variable Persistance Oscilloscope

Although the Standard Model 7033B and other XY
recorders can be used, the Option 020 is preferable because
it has some special features that simplify scale calibration.
In addition, the Model 70358 Option 0620 has an X-Axis log
converter which can be used to scale the 3581 linear sweep
te provide a full log sweep over a 3-decade {10 Hz to
10 kHz) range.

3-135. X-Axis Output. The X-Axis output supplies a dc
voltage proportional to the frequency sweep. When the
sweep is at the start frequency, the output is 0V dc; when
the sweep is at the end frequency, the output is + 5V de,
The output resistance is 1 kilohm, nomiinal.

3-136. During single and repetitive sweeps, the X-Axis
output is a OV to + 5V linear ramp. When the Manual
sweep mode is selected, the X-Axis output voliage corre-
sponds to the frequency set by the MANUAL VERNIER
control. When the Reset or Off sweep mode is selected, the
X-Axis output remains at 0 'V,

3-137. Y-Axis Output. The Y-Axis output supplies a de
volage proportional to the meter reading. The output level
ranges from 0V to + 5V de for zero fo full scale meter
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deflection. When the Volts scale is selected, an output of
0V corresponds to a 0V meter reading and an output of
+5V de corresponds to a fullscale {1 or 3.2} meter
reading. When the Log 90 dB scale is selected, the output
voltage is scaled fo 0.05V per dB. An output of 0V
corresponds io -100dB and an output of +5V dc
corresponds to O dB. When the Log 10 dB scale is selected,
the output voliage is scaled to 0.5 V per ¢B. An output of
0V corresponds to - 10dB and an output of +5V
corresponds to 0 dB. The output resistaance is a 1 kilohm,
nominal.

3138. Pen Lift Output. The Pen Lift oatput is provided
for use with X-Y recorders having electrically operated
peniift circuits through which the pen can be remotely
actuated by a contact closure. A contact closure is present
across the Pen Lift output terminals during single and
repetitive sweeps. The contacts open at the end of each
sweep and do not close aniil after the sweep is reset. This
prevents retrace lines from being drawn on the X-Y
recording. The Pen Lift cutput terminals are isolated from
case ground.

3-139. Rear Panel Output.

3-140. The rear panel QUTPUT connector is controlled by
the QUTPUT MODE switch. With the switch in the
TRACKING OSC position, the OUTPUT connector sup-
plies a constant level 5 Hz Lo 50 kHz signal that tracks the
tuned or swept frequency of the instrument. With the
switch in the RESTORED position, the amplitude of the
SHz to 50kHz output signal is proportional to the
amplitude of the signal being measured. The constant level
Tracking Oscillator signal can be used for making closed-
loop freguency response measurements. The Restored
ocutput allows the 3581 to be used as a narrow band
amptifier or bandpass filter.

3-141. The amplitude of the Tracking Oscillator or Ke-
stored output signal can be adjusted using the rear panel
LEVEL control. When the output is not terminated or is
driving a high impedance load, the signal level can be
adjusted from OV to 2V rms. The 3581A output is
600 ohms unbalanced while the 3581C output is 600 chms
balanced. When the output is terminated with a 600 ohm
load, the maximum cutput level is approximately 1 V rms.
The specified frequency response for the 3581 A output is
£ 3% from 15Hz to 50kHz. The specified {requency
response for the 3581C balanced outputis = 0.5 dB {= 5%)
from 100 Hz to 20 kHz. For both the 3581A and the
3581C outputs, the total harmonic distortion and spurious
is more than 40 dB below a 1 V signal level.

3-142. The specified frequency accuracy of the output
signal is 1 Hz relative to the center of the instrument’s
passhand, This means that on the 3 Hz bandwidth the signal
may be near the edge of the passband, This has no effect
except when making closed-loop measurements where the
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tracking oscillator signal is fed into the INPUT through a
network under test. If the frequency is near the edge of the
passhband, insertion loss will be encountered. Under worst-
case conditions, maximum insertion loss is approximately
- 1.5 dB. Typically, the insestion loss is less than 0.2 dB.

3-143. For most closed-loop measurements optimum re-
sults will be obiained using the 10 Hz or 30 Hz bandwidth.
If the 3 Hz bandwidth is used, insertion loss can be
minimized by performing the Reference Osciilator Fre-
quency adjustment outlined in Section V.

3-144. L.O. Qutput.

3.145. The VTO in the 3581 generates a 1 MHz to
1.5 MHz signal which is divided to obtain the 100 ktiz to
150 kHz local oscillator signal that is applied to the Input
Mixer. The 1 MHz to 1.5 MHz VTO signal is available at the
rear panel LOCAL OSCILLATOR OUT connector. The
amplitude of the L.0. output signal is approximately
100 mV rms; output impedance is 1 kilohm, nominal.

3-146. I frequency resolution greater than | Hz is re-
quired, the tuned frequency of the instrument can be
measured with an electronic counter connected to the L.O.
output. Measurement accuracy is = 5Hz. The following
formula can be used to calculate the tuned frequency from
the counter reading:

Fr=LC 100 ki

Where:

Fi = tuned frequency
F¢ = counter reading

3-147. The tuned frequency can also be measured using the
5 Hz to 50 kHz Tracking Oscillater signal. Mowever, it is
generally preferable to use the L.O. ouiput signal because it
can be measured with a 0.1 second gate time for fast
response.

3-148. L.0. Input,

3-149, The 3581 can be remotely tuned by applying an
externally generated L.O. signal to the rear panel LOCAL
OSCILLATOR IN connector (MODE switch set to EXT).
An external L.O. signal ranging from 1 MHz to 1.5 MHz
tunes the 3581 from O Hz to 50 kHz. The frequency range
of the instrument can be extended to 60 kHz by applying a
1.6 MHz L.O. signal. For measurements between 50 kHz
and 60 kHz, a possible worst-case error of = 3 dB or = 30%
must be added to the Amplitude Accuracy specification.
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3-150. The amplitude of the external L.O. signal must be
within the range of 0.1 V s to 1 V rms. The impedance
of the L.O. Input is 220 ohms, nominal. In order for the
3581 to meet the frequency siability, noise sideband and
spuricus specifications listed in Table -1, the external
Local Oscillator must have the same characteristics as the
internal Local Oscillator {VTO). These characteristics are:

Frequency Stability: = 5 Hz per °C
Phase Noise: > 70 dB below L.O. signal level
= 10 X BW* gway from L.O. frequency

Non-Harmonically
Related Spurious: > 80 dB below L.O. signal level

*3581 BANDWIDTH setting

Any frequency drift, phase noise or spurious on the
external L.O. signal will appear as if it is introduced by the
input signal, Satisfactory results can generally be obtained
using an -hp- Model 3320A/B or 3330A/B Frequency
Synthesizer as the external L.O. source. Before using an
external L.O. for a critical measurement application, check
for noise sidebands and spurious using the Performance
Test procedures outlined in Section V. In some cases, it
may be helpful to run comparison tests between the
internal L.O. and the external L.Q.

3-151. Gntion 801,
3-152. The 3581 Option 001 is equipped with an internal

rechargeable battery pack and a protective front panel
cover for complete portability.

WARNING

To protect operating personnel, the 3381
Option 001 chassts must be grounded. For
power line operation connect the power cord to
a three-prong grounded receptacle. For battery
operation connect the common (black) inpur
terminal to earth ground or fo an appropriate
system ground, If a system ground is used be
sure it is actually at ground potential and is not
a voltage source.

3-153. The 3581 Option 001 can be operated from the ac
power line or from iis own internal battery pack. With the
POWER switch set to the ON {AC) position, the instrument
receives its power from the ac power line and a trickle
charge is applied to the batteries. The trickle charge
prevents the batteries from discharging, but is not sufficient
to recharge the batteries in a rcasonable time. With the
POWER switch in the ON {BAT) position, the ac power is
turned off and the instrument receives its power solely
from the internal battery pack. A fully charged battery
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pack will operate the instrument for more than 12 hours.
When the batteries are discharged to the point where they
cannot operate the instrument properly, the power is
automatically shut off. This eliminates erronecus measure-
ments caused by weak batteries and further prevents the
batteries from being damaged due to excessive discharge.

3-154. To recharge the batteries, connect the instrument fo
an appropriate ac power source and set the POWER switch
to the CHARGE position, The POWER light will illuminate.
The instrument cannot be operated while the batieries are
being charged. Recharge time for completely discharged
batteries is 14 hours. The useful life of the batteries is more
than 100 charge/discharge cycles.

CAUTION

The instrument should not be left in the
CHARGE mode for prolonged periods. A
charge period of {4 hours is sufficient to
recharge a fully discharged battery pack. Ex-
tended periods of overcharge in ambient tem-
peratures exceeding 30°C (86° Fj will severely
degrade battery life and capacity by causing the
celis to overheat,

3-155. Temperature Limits. To prevent battery damage,
the following temperature limits must be observed:

a. Operating Temperature: 0°C (+32°F) to +40°C
(+ 104°F).

b. Charge Temperature Range: 0°C (+32°F) to + 40°C
(+ 104°F),

c. Storage Temperature Range: -40°C (-40°F) to
+50°C (+ 122°F).

3156, The 3581C,

3-157. The 3581C is a special version of the 3581 that is
designed specifically for communications applications. The
operating features of the 3581C are described in the
following paragraphs.

3-158. Selectable Input Configurations. The 3581C has
three selectable input configurations: Unbalanced, Balanced
Bridged and Balanced Terminated. The selection is made
using the front panel slide switch. The three input
configurations are fllustrated in Figure 3-22.

3-159. Unbalanced., The unbalanced input configuration is
identical to the single-ended input of the 3581A. Because
of the input switching, however, the shunt capacitance of
the 3381C unbalanced input is approximately 40 pF as
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opposed to 30 pF for the 3581A. If a 10:1 voltage divider
probe is used with the 3581C, it must have sufficient
adjustment range to compensate for the 40pF shunt
capacitance and the capacitance of any input adapter® that
is used. The -hp- Model 10003 A Veltage Divider Probe is
recommended.

[REOT] G IB_ . TO INPUT
H ATTEN
Zy = iM, 40 pF
RING & SLEEVE SR c3
+ 1 in ;174ODF

Ao UNBALANCED

DLL . TO INPUT ATTEN
Z ® 15K
RING
DL
SLEE

Be BRIDGED

3 2 TO INPUT ATTEN.

C. TERMINATED

NPUT 4

Z)*800.0 OR
~ CAJTION = RNG
DO NOT EXCEED

+2?qB'w )

&SLEEVE

Figure 3-22. input Configurations {3581C}.

3-160. Balanced Bridged. The Balanced-Bridged configura-
tion provides an unterminated, transformer-coupled bal-
anced input. Coupling capacitors between the INPUT
connector and the balancing transformer provide isolation
for de inputs up to £ 100 V de. Inputs exceeding £ 100 V
dc may damage the input circuitry. The maximum ac input
level for the bridged input configuration is 35 V rms. The
input impedance in Bridge is greater than 12 K ohms and
typicaily 14 X ohms at 1 kHz.

3-161. Balanced Terminatad. The Balanced Terminated
configuration provides a transformer-coupled balanced in-
put with an impedance of 600 ohms or 900 chms. The
inpuf impedance is selected by the front panel dBm 900
ohm/LIN - dBm 600 ohm Calibration switch, Note that the
600 ohm or 900 ohm terminating resistor is connected
directly across the input terminals, There is no dc isclation
for the termination. The combined ac and dc levels applied
to the terminated input must be such that the power
dissipated by the terminating resistance is less than
(.5 watt. With no dc applied, the maximum ac¢ differential
input level is + 27 dBm,

* Recormmended: Pamona Electronics No. 2798 Type 310 to BNC
Adagpter, -hp- Part No. 1251-3757.
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The differential signal level applied to the
3581C Balanced Terminated input must not
exceed + 27 dBm at 0V dc. The combined ac
and dc levels must be such that the power
dissipated by the terminating resistor is less
than 0.5 watt.

3162, input Connector. The 3381C INPUT connector
accepts a Western Eiectric Type 310 (or equivalent) mating
piug. See Figure 3-23 for details.

3-163. Tracking Output. The 3581C has a transformer-
coupled, 600 ohm balanced Tracking Oscillator/Restored
output. The specified frequency response for this output is
% (0.5 dB from 100 Hz to 20 kHz. The rear panel OUTPUT
connector accepts a Western Electric Type 310 (or equiva-
lent) mating plug (Figure 3-23).

3-164. Audio Monitor. The 3581C has a built-in audio
amplifier and speaker which allows the operator to listen to
the Tracking Oscillator or Restored output signal. The
selection of Tracking Oscillator or Restored is made using
the rear panel OUTPUT MODE switch, The volume can be
adjusted using the AUDIO LEVEL control located on the
front panel. Headphone connectors for the audio monitor
are provided on the rear panel of the instrument. The
connectors accept Western Electric Type 310 or Type 241
mating plugs (Figure 3-23). The impedance of the HEAD-
SET output is 900 ohms, nominal. The maximum outpui
level is 0 dBm/900 ohms. The output will drive headphones
with impedances of 8 chms or greater. The speaker is
automatically switched off when a headphone is plugged in.

3-165. Amplitude Measurements, The 3581C can be cali-
brated for absolute messurements in dBm/600 ochms or
dBm/900 ohms. The impedance is selected by the front
panel dBm 900 ochm/LIN - dBm 600 ohm Calibration
switch. The 3581C does not have a calibrated scale for
measurements in dBV. The 3581C log scales can be used for
relative measurements in dB; the linear scales can be used
for relative measurements in percent of full scale.

3-166. Manual Compatibility, Except for the special fea-
tures described previously, the 35831C is identical to the
3581A and most of the information in this section applics
to both instruments.
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BASIC OPERATING PROCEDURES

BALANCED INPUT/OUTPUT CONNECTIONS

TP RING SLEEVE

WECQO TYPE 210

TP

tanced | t or Qutput
RING Baia nput or Qutp

5L EEVE: Case Ground

HEADPHONE CONNECTIONS

TP RING SLEEVE

WECS TYPE 310
RING: Signal

TP HEADPHONE
} Case Ground

SLEEVE

TIP SLEEVE

L

L

WECQ TYPE 241
SLEEVES: Signal

]> HEADPHONE
TiPS: Case Ground

THE TWO SLEEVES AND TWO TiPS ARE
SHORTED TOGETHER IN THE INSTRUMENT.

T# SLEEVE

SINGLE PHONE PLUG*
SLEEVE: Signal L

| HEADPHONE
TIP: LCase Ground
WECO l ADC** | #1p- Part No.
310 PJ-GB1R 1251-0088
241 PJ-1
Phone P}-OB5B 12510067

Connector Cross Reference
BNC to type 310 Adapter
-hp- Part No, 125613787

*ADC Type PJOBSB: Connector can be plugged-
in 101241 jack.

== ADC Products, Minneapolis, Minnesota

Figure 3-23. Input/Output Connectors {3581C).
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3-167. BASIC OPERATING PROCEDURES.

3-168. Instrument Turn On, ’ -

3-169. Power Line Operation.
a. Check the line voliage at the point of installation.

b. Refer to Figure 3-24 and set the 3581 for the line
voltage to be used (100V, 120V, 220V or 240 V). Line
voltage must be within + 5% to - 10% of voltage setting,

¢. Verify that the proper fuse is installed in the fuse
holder:

Line Setiing Fuse Type -hp- Part No.

100 V{120V 0.5A,250V 21100012
Normal Blow

220V/240V 0.25A,230V 2110-0004

Normal Blow

d. Connect the deiachable ac power cord to ihe rear
panel power receptacle and to the power source.

e, Set the POWER switch to the ON (AC) position. The
POWER light and the frequency display will illuminate.

f. Allow a warm-up period of at least 5 minutes before
using the 3581 in a critical measurement application.

3-170. Battery Operation (Qption 001).

a. Connect the low (black) terminal of the front panel
INPUT connector to earth ground or to an appropriate
system ground.

b. Set the POWER switch to the ON {BAT) position.
The POWER light and the frequency display will illuminate.

¢. Aliow a warm-up period of at least 5 minuies before
using the 3581 in & critical measurement application.

d. To recharge the batteries, perform steps a through d
of the powerline turn on procedure (Paragraph 3-169}. Set
the POWER switch to the CHARGE position, The POWER
light will illuminate. The instrament cannot be used while
the batteries are being charged.

The instrument should not be lgft in the
CHARGE wmode for prolonged periods. A
charge period of 14 hours is sufficient to
recharge a fully discharged battery pack, Ex-
tended periods of overcharge in ambient tem-
peratures exceeding 30°C (86°F) will severely

degrade battery life and capacity by causing the :
cells to overheat.
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SELECTION OF OPERATING VOLTAGE

1. Disconneci power cord and stide cover to left to gain
' access to fuse compariment,

2. Remove line fuse by pulling outward on FUSE PULE.

3. To select operating voltage:
a. Rotate FUSE PULL to ieft and remove PC board,
b. Orient PC board so that desired voltage marking is

on the top, left-hand side.

c. Push PC board firmiy into its slot.

4, Rotate FUSE PULL back to #ts normal position and insert
fuse in holder, Be sure to use the correct fuse value.

Figure 3-24. Voltage Selection,

J-171. Meter Mechanical Zero.

3-172. The meter is properly zeroset when the pointer
rests over the zero calibration marks (0 to 1 or @ to 3 scale}
with the instrument turned off and in its normal operating
environment. To zero the meter, proceed as follows:

a. Tum the instrument on (Paragraph 3-168) and allow
a warm-up period of 30 minutes so that the meter
movement reaches its nonnal operating temperature.

b. Turn the instrument off and allow 30 seconds for all
capacitors to discharge.

c. Rotate the zero adjustment screw clockwise until the
pointer is left of zero and moving upscale,

d. Continue rotating the screw clockwise and stop when
the pointer is exactly over zero.

e. When the pointer is exactly over zero, rotale the
adjustment screw slightly counterclockwise to relieve ten-
sion on the pointer suspension. If the peinter moves off
ze1o, repeat steps ¢ through e.

3-173. Amplitude Calibration Procedure.

IMPORTANT
3-174. For optimuwm accuracy, the Amplitude Calibration
Procedure shoutd be perfermed when the instrument is first
turned on, after warmup, each time the BANDWIDTH
setting is changed and each time the SCALE setting is
changed.

a. Turn the instrument on (Paragraph 3-168) and, if
necessary, mechanically zero the meter (Paragraph 3-171}.

b. Set the 3581 A/C conirols as follows:

SCALE ... ....... ... .. Setiing to be used
AFC o Off
AMPLITUDE REF LEVEL . ..... .. NORMAL
Calibration {(dB/I.IN) Switch ... .. .. .. Setting

to be used
INPUT SENSITIVITY ... ... ... ..., CAL
VERNIER (Amplitude) ... .. CAL (fuliy CW)
BANDWIDTH ............ Setting to be used
DISPLAY SMOOTHING . ............ . MIN
SWEEPMODE ........ . ... ........ OFF

¢, Tune the 3581 frequency near 10,000 Hz and press
the AFC button. The AFC will fine tune the analyzer to the
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10 kHz calibration signal. If AFC is not to be used,
manually fine tune for a peak amplitude reading at
10,000 Hz,

d. Using a small screwdriver, adjust the front panel CAL
10 kHz potentiometer for a full-scale meter reading.

3-175. Input Probe Compensation.

3-176. Before using a 10:1 divider probe, it is necessary to
adjust the probe for optimum frequency response. Once the
probe is properly adjusted it should not require further
attention. It is good practice, however, to perform periodic
verification tests to ensure that optimum adjustment is
maintained.

a. Turn the instrument on as outlined in Paragraph
3-168.

b. Connect the probe to the 3581 INPUT.

1. 3581A: Use a BNC to banannaplug adapter (-hp-
Part No. 1251-2277).

2. 3581C: Use a BNC to Type 310 adapter (Pamona
Electrornics No. 2798).

¢. Set the 3581A/C controls as follows:

SCALE ........ ... . i Log 90 dB
AFC e Off
AMPLITUDE REF LEVEL . ... .. .. NORMAL
Calibration Switch ....... dBV/LIN (3581A)

dBm 9006/ LIN (3581C)
INPUT SENSITIVITY ............. - 10 dB
Amplitude VERNIER . .. ......... fully CCW
BANDWIDTH ......................3Hz
DISPLAY SMOOTHING . ............. MIN
FREQSPAN .......... ... ...t 5kHz
SWEEPMOD. .. ... ... ... ... .. MAN
MANUAL VERNIER ............ fully CCW

d. Set the rear panel OUTPUT MODE switch to the
TRACKING OSC position. Rotate the LEVEL control fully
clockwise {facing rear panel).

e. Connect the probe tip to the rear panel OUTPUT
connector. Connect the ground lead of the probe {o the
connector shield,

f. Using the FREQUENCY control, set the 3581A
frequency to 100 Hz; set the 3581C frequency to 500 Hz.
Press the Log 10 dB SCALE button,

g Adjust the amplitude VERNIER for a meter reading
of - 5 dB (0 to - 10 dB scale).

h. Rotate the MANUAL VERNIER control fully clock-

wise. This will set the 3581A {requency to approximately
5,100 Hz or the 3381C frequency to 5,500 Hz.

3-24
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i. Adjust the probe for a meter reading of - 5 dB. Rotate
the MANUAL VERNIER fully counterclockwise.

j. Repeat steps g through i until the meter reading is
-5 dB with the MANUAL VERNIER fully clockwise and
fully counterclockwise.

3-177. Recorder Calibration,
3-178. The following is a general procedure for calibrating
an X-Y recorder or oscilloscope connected to the rear panel

RECORDER outputs.

a. Perform the Amplitude Calibration Procedure (Para-
graph 3-173).

b. Set the 3581A/C controls as follows:

SCALE ... ..o VOLTS
AFC oo Off
AMPLITUDE REF LEVEL........ NORMAL
Calibration Switch ....... dBV/LIN (35814)

. dBm 900 S/LIN@ES81C)
INPUT SENSITIVITY ............... CAL
Amplitude VERNIER ........ .. ... .. CAL
BANDWIDTH.. .................... 30 Hz
SWEEPMODE .................... MAN
MANUAL VERNIER . ........... fully CCW

c. Connect the X-Axis input of the X-Y recorder or
horizontal input of the scope to the rear panel X-Axis
output connector.

d. Adjust the X-Axis zero of recorder or horizontal
position of scope so that the pen or CRT dot is aligned with
the first vertical line on the left-hand edge of the graph
paper or display graticule.

e. Rotate the MANUAL VERNIER control fully clock-
wise.

f.  Adjust the X-Axis gain of recorder or horizontai gain
of scope so that the pen or CRT dot is aligned with the last
vertical line on the righthand edge of the graph paper or
display graticule.

g Rotate the MANUAL VERNIER fully counter-
clockwise. Repeat steps d through f until optimum adjust-
ment is obtained.

h. Set the 3581 SWEEP MODE switch to RESET. Using
the FREQUENCY control, tune the analyzer frequency to
5 kHz so that it is not measuring a signal. The meter should
read O V.

i. Connect the Y-Axis input of the recorder or vertical {. .
input of scope to the rear panel Y-Axis output connector.
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j.  Adjust the Y-Axis zero of recorder or vertical position
of scope so that the pen or CRT dot is aligned with the
bottom line of the graph paper or display graticule.

k. Tune the analyzer frequency to 10,000 Hz and press
the AFC button. The 10 kHz calibration sigral wili produce
a full scale meter reading.

BASIC OPERATING PROCEDURES

Log 10 dB scale, This same method can be used
for calibrating a scope if it has 10 vertical
divisions. If the scope has 8 vertical divisions, it
can be calibrated so that full scale is 5 divisions
above the bortom line of the graticule. Fach
major division then represents 20 dB.
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NOTE

The Y-Axis recorder cutput ranges from 0 V to
+ 5 Vde. When the Log 90 dB scale is selected,
an output of 0V corresponds to - 100 dB and
+ 3V corresponds to 0dB (0.035 V/dB). When
using the Log 90dB [{or 10dB) scdle, it is
convernient to calibrate the X-Y recorder [step
1} 30 that full-scale (G dB) is 10 major divisions
above the bottom line (- 100 dB) of the graph
paper. Each major division then represents
10dB for the Log 80 dB scale or I dB for the

L Adjust the Y-Axis gain of recorder or vertical gain of
scope so that the pen or CRT dot is aligned with the top
line {or other line representing fuli scale) of the graph paper
or display graticule. Tune the analyzer frequency to 5 kHz,

m. Repeat steps j through | until optimum adjustment is
obtained.

n. This completes the Recorder Calibration Procedure.
Connect the pen-lift input of the recorder {o the PEN-LIFT
ovtput of the 3581. Set sweep parameters with the SWEEP
MODE switch set to the RESET position. Be sure to turn
the AFC off before sweeping,
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