CPERATING AND SERVICE MANUAL

{HP PART NO. 00400-90005)

MODEL 400F/FL
AC VOLTMETER

SERIALS PREFIXED: 734-

Appendix C, Manual Backdating Changes,
adapts this manual to seriais prefized 617.-.

Copyright Hewlett-Packard Company 1968
P. 0. Box 301, Loveland, Colorado, 80537 U. 8. A.

01795-2 ' Printed: JAN 1968



Section I

T EN EER

. et I

/.

a8 TBIS

Model 400F / FL
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Figure 1-1. Model 400F/FL AC Voltmeter

Table 1.1,

Specifications

-hp~ Model 400F/FL
Voltage Range: 100 uV to 300V full scale, 14
ranges in 1, 3, 10 sequence.
Frequency Range: 20 Hz to 4 MHz.
Calibration: Responds to absolute average value
of applied signal, calibrated in rms volts.

Noise Referred to Input: {1000 ohm termination)

RANGE Filter In Filter Out
300V Eo 300V <5 uvy <30upV
1004V <5uvV <15uV

Input Impedance; 10 megohms shunted by 25 pF
on the 100 4V - 300 mV ranges and 10 meg-
ohms shunted by 10 pFonthe 1V - 300V
ranges.

Amplifier AC Output: 1V rms open circuit
for full scale meter indication; oufput imped~
ance 600 ohms, 20 Hz to 4 MHz.

Meter Response: <0.7 seconds after application
of signal.

-hp- Model 400F/FL

Recovery From Overload: < 2 seconds for 80 éB
overload.

AC Power: 115 or 230 volts = 10%, 50 to 1000
‘Hz, 5 wails.

External Battery Operation: Terminals are pro-
vided on rear panel: posifive and negative
voltages between 35V and 55V are required.
Current drain from each voltage is approxi-
mately 45 mA.

Temperature Range: 0 to +559C.

Weight:
Net: 6 Ibs. {2, Tkg).
Shipping: 9 1bs. (4kg).

Dimensions: 6-1/2" high, 5-1/8"wide, 11" deep
(165, 1x 136, 2x27%, 4 mm).
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Model 400F/FL

Section I

SECTION |

GENERAL

1-1. DESCRIPTION.

1-2, The -hp~ Models 400F and 400FL are versatile
ac volimeters and dB meters. Both models can be
used as wideband amplifiers. The Model 400F is
primarily intended for voltage measurements, where-
as the Model 400FL is primarily a dB meter, How-
ever, both meters indicate both volts and dB. The
400F has 2 linear ac scale with a logarithmie dB
scale underneath, and the 400FL has a linear dB
scale with a logarithmic ac scale underneath, Since
the difference inscales is the only difference between
the two insiruments, this manual will use the ferm
400F/F1L in reference to both instruments.

1-3. Figure 1-1 shows both the Model 400F and the
Model 400FL. Table 1-1 iz a list of specifications.

1-4, OPTION {400F ONLY}.

1-3. Option 01 is a standard -hp- Model 400F AC
Voltmeter which has 2 dB scale that reads from -15

iINFORMATION

to +2 instead of from -12 to +2. The dB scale is
placed at the top of the meter face for belter
resolution.

1-6. INSTRUMENT AND MANUAL
IDENTIFATION.

1-7. Hewlett~-Packard instruments are identified by
a two-section, eight-digit serial number (000-00000).
¥ the firgt three digits of the serial number on your
instrument do not agree with those on the title page
of this manual, change sheets supplied with the man-
ual will define differences between your instrument
and the Model 400F/FL described in this manual,

1-8, If a letter prefixes the serial number, the
instrument was manufactured outside the United States.
1-9. BACKDATING INFORMATION.

1-~10. Appendix C coniaing backdating information
that adapts this manual fo instruments with serials
prefixed 617,

Table 1-1. Specifications (Cont'd)

MCDEL 400F
Accuracy: £ (% Full Scale + % Reading)
300 pV TO 300 V RANGES
Frequency 20 Hz 40 Hz 100 Hz 1 MHz 2 MHz 4 MHz
{2 + 2) =1 + 1) x (1/2 + 1/2) {1 + 1) (2 + 2)
100 4V RANGE
Frequency 30 Hz 60 Hz 100 kHz 500 kHz
(2 + 2) =1l + 1) %1 0
~T7
MODEL 400FL
Accuracy: x % Reading
300 LV TO 300 V RANGES
Freguency 20 Hz 40 Hz 100 Hz 1 MHz 2 MHz 4 MHz
=4 42 %1 2 +4
100 wV RANGE
Frequency 30 Hz 60 fiz 100 kHz 500 kHz
+4 +2 +1 -8
01796-2 i-1



Model 400F/FL

Section H

SECTION 1}
INSTALLATION

2-1. INTRODUCTION.

2~2. This section contains information and instructions
necesgsary for the installation and shipping of the
Model 400F and 400FL voltmeters. Included are
initial inspection procedures, power and grounding
requirements, installation information, and instructions
for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be physically free of mars or scraiches and
in perfect electrical order upon receipt. To confirm
this, the instrument shouldbe inspectedfor physical
damage in transit. Algo check for suppliedaccessories,
andtest the electricalperformance of the instrument
using the procedure outlined in Paragraph 5-3. Tf
there is damage or deficiency, see the warranty on
the ingide front cover of this manual.

2-5. POWER REQUIREMENTS.

2-8, The Model 400F/FL can be operated from any
source of 115 or 230 volts af 50 fo 1000 cycles or
from two 35 to 55 voli batteries connected to the rear
panel BATTERY terminals. The 115/230 v slide
switch on the rear panel selects the desired line
voliage. Power dissipation is § watts maximune.

2.-7. GROUNDING REQUIREMENTS.

2-8. To protect operating personnel, the National
Electrical Manufacturers® Association (NEMA) recoms
mends that the instrument panel and eabinet be
grounded. All Hewlett-Packard instruments are
equipped with a three-conductor power cable which,
whenpluggedinto an appropriate receptacle, grounds
the instrument. The offset pin on the power cable
three-prong connector is the ground wire.

2-8, To preserve the protection feature when
operating the instrument from a two-contact outlet,
use a three-prong to two-prong adapter and connect
the green pigtail on the adapter to ground.

2-10. INSTALLATION.

2-11. The Model 400F/FL is fuily transistorized;
therefore, no special cooling is required. However,
the instrument should not he operated »ghere the
ambient temperature exceeds 55°C (1317F) or the
relative humidity exceeds 95%.

2~12, BENCH MOUNTING.

2~13. The Model 400F/FL, is shipped with plastic
feet and tilt stand in place, ready for use as a bench
instrument.

2-14. RACK MOUNTING.

2~18. The Model 400F/FL may be rack mountedby
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using an adapter frame (-hp- Part No. 5060-0797).
The adapter frame is a rack frame that accepts any
combination of submodular units. It can be rack
mounted only. For additional information, address
inquires to your -hp- 8ales and Service Office. (See
Appendix B for office locations.)

2-16. COMBINATION MOUNTING.

2-17. The Model 400F/FL may be mounted in
combination with other submodulzr units by using a
Combining Case {~hp- Model 1051A or 10524). The
Combining Case ts a full~-module unit which accepts
various combinations of submodular units. Being a
full-module anit, it can be bench or rack mounted
and is apalogous to any full-module instrument.

2-18. REPACKAGING FOR SHIPMENT.

2-19. The following paragraphs contain a general
guide for repackaging of the instrument for shipment.
Refer to Paragraph 2-20 if the original container is {o
be used; 2-21 if it is not. If you have any questions.
contact your local ~hp- Sales and Service Office. (See
Appendix B for office locations. )

e RO —————
If the instrument is to be shipped
to Hewlett-Packard for service
or repair, attach a tag {o the in-
strument identifying the owner
and indicating the service or re~
pair to be accomplished; include
the model number andfull serial
number of the instrument.In any
correspondence, identify the in-
strument by model number, serial
number, and serialnuimher pre~
fix.

2-20. If original container isto be used, proceed as
follows:

#. Place instrument in original container if
available.If original container is not available,
one can be purchased from your nearest -hp-
Sales and Service QOffice.

b. Ensure that conizirer is well sealed with
strong fape or metal bands.
2-21. If original contamer is not to be used, proceed
as follows:

&. 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 card-
board 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 with "DELICATE
INSTRUMENT", "FRAGILE" etc..

21



Section 1

Model

400F/FL

MODEL 4G0OF FRONT PANEL

MODEL 400F REAR PANEL

MODEL 300F FRONT PANEL, [OPTION Of}

e

W b L
RUNGE

4GTF 4G VOLINETER

BoEE oy

@
©

aATTERY
-5

vaLTaeE
Y

o o.

o sn\306§é§>0

®

CHONOMIONONC

3\

q i

MUDEL SOOFE FRONT PANEL

®

MODEL 400FL REAR SANEL

means [

REL THIS

@ HEWLETT . phckenn «our, az vau’
i, 00 RHT L FRYER 00T
0F B AANSE  VOuTs bR

IWRUT w20 8

ACQF/FL~8-08398

400F Seale: Indicates magnitude of applied sig~

nal in volts and dRm.

Mechanical Zero Adjust: Provides a mechanieal
mebter zero adjustment.

INPUT Terminals: Connects signal to be mea-
sured to 400F/FL.

RANGE Selector (81): Selects full scale reading
of meter. DBm reading on scale adds algebrai-
cally to dB setting of RANGE selector.

100 KHz LF FILTER Switch (82): Switches 100
KHgz filter either in or out of circuit.

Line ON Toggle Switch (S3): Applies primary
pOWET.

LINE Indicator Lamp: Indicates application
of primary power.

115/230 Volt Slide Switch {84): Selects 115 or
230 voits ac for line operation.
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Primary Power Connector: Line voltage is ap-
plied through this connector.

FUSE: Protects instrument against current
overload.

AC OUTPUT: Ac amplifier output.
pedance is 600 Q.

Qutput im-~

BATTERY VOLTAGE Terminals: 400F/FLmay
be powered by connecting two 35 to 55 volt bat-
teries {o these terminals.

400F Scale, Option01l; The dBm scale is placed
uppermost for greater resolution.

400F L. Scale: Indicates magnitude of applied sig-
nal in volis and dBm. DBm scale is linear, and
voltage scales are logarithmic. This arrange-
ment allows better regolution for ¢B reading.
0 dBm = ImW in 6800 0.

3-0

Figure 3-1. Location of Controis and Indicators
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Model 400F/FL

Seetion I

SECTION 111

OPERATING

3-1. INTROQDUCTION.

3-2. This sectioncontains instructions and information
neceésary for the operation of the 400F/FL AC Voit-
meters. Inciuded is identification of controls, indi-
cators and connectors, turn on procedures;and oper-
ating instructions.

3-3. CONTROLS, INDICATORS AND
CONNECTORS.

3-4, Each control, indicator, and connector on the
400F/FL is identified and described in Figure 3-1.

3-5. METER MECHANICAL ZERO ADJUSTMENT
{400F ONLY).

3-68. The mechanical zero adjustment is located in

the center of the instrument front panel. ¥ the meter
pointer does not indicaie zero after the instrument has
been off at least one minute, mechanically zero the

meter, foliowing the steps cutlined below.

a. Turn instrument power off, and allow at least
one minute for meter pointer to stabilize.

b. Rotate zero adjustment screw clockwise until
pointer is left of zero and moving upscale.

¢. Continue rotating serew clockwise until
pointer is atzero. Stop whenpointer is exacily
on zerc. Ifpointer overshoots, repeat step b.

d. When pointer is exactly over zero, rotate
adjustment screw slightly counterclockwise to
relieve tension on pointer suspension. H
pointer moves o the left, repeat whole pro-
cedure, but make counterclockwise rotation
less.

3-7. TURN ON PROCEDURES.

a. Hiinevoltageis used, ensure that the 115-230
vage switch {locatedon the rear panel) is in the
correct position. Turn the line ON toggle
gwitch to the ON position. The LINE lamp
will glow, indicating that line power is
applied.

b. 1If batteries are used, connect two 35 to §5
volt batteries as shown in Figure 3-2. The
line ON gwitch is not in the ¢ircuit when bat~
teries are used, therefore an external DPST
switch should be used to provide a means for
disconnecting the batteries when the instru-
ment is not in use.

017958-2

INSTRUCTIONS

BATTERY VOLTAGE

35-58 _L 35-55
e = +

X
?-;___ _____ si

*:*IFLT":*IE "
B2 B1
{(35-55V} (35-55V)

B-048|~ RO

Figure 3-2. FExternal Battery Connection

3-8. ACVOLTAGE MEASUREMENTS.
NOTE

Bince the 400¥/FL is average re-
sponding and rms calibrated, any

digtortier will affect the accuracyof
the measurement. Table 3-1 shows
the errors caused by distortions.

Table 3-1. Effect of Distortion on Average Respond-

ing Meter
% ERROR
{* Fuandamental)
HARMONIC | % DISTORTION
MAX. MAX.
POSITIVE | NEGATIVE

Any even 3.1 0.000

0.5 0. 001

1.0 0. 005

2.0 0.020
Third 0.1 0.033 0.033

N 0.168 0. 187

1.0 0.338 0.328

2.0 0. 887 0. 667
Fifth .1 0.020 0,020

4.5 G.101 0,099

1.0 0. 205 0,195 -

2.0 . 420 0. 380
*Depends on phase relationship between harmonic

and fundamental.

3-1



Section LI

Perform the steps listed under Paragraphs
3-5 and 3-7.

Set the meter RANGE switchtothe approxi-
mate range of the voltage to be measured.

FCAUTION -

DO NOT APPLY MORE THAN 600
VOLTS TO INPUT. DO NOT OVER-
LOAD THE .1 MV THROUGH .3
VOLT RANGES WITH MORE THAN
300 VOLTS AT FREQUENCIES BE~
LOW 300 kHz OR WITH MORE THAN
64 VOLTS AT FREQUENCIES ABOVE
300 ¥Hz. IF ANY OF THESE OVER-
LOADS ARE EXCEEDED, THE IN-
STRUMENT MAY BE DAMAGED.

K the signal to be measured is a frequency
less than 100 kHz, the 100 kHz L. P. FILTER
may be switched in {o filter out allfreguency
components above 100 kHz.

Connect the signal to be measured to the
INPUT terminals. The RMS voltage amp-
litude of the input will be indicated on the
meter,

2-9. DB MEASUREMENTS.

3-2

a.

Perform the steps listed under Paragraphs
3-5 and 3-7.

The dB measurement is equaltothe algebraic
sum of the meter indication and the RANGE

getting, For example: if the RANGE setting
ig +20 dB, and the meter reading is -3 4B,

the actual dB measurement is +17 dB.

The 4B scale of the 400F/FL is calibrated
in dBm. 0 dBm i equivalent to 1 milliwatt
dissipated by a 800 ohm load. Therefore,
all measurements in dBm must be made
across a total impedance of 600 ohms.
Measurements across all other impedances
will be in dB, but not in d4Bm.

A reading in dB may be converted to dBm
by using the Impedance Correction Graph
{Figure 3-3), For example: to convert a
40 dB reading across 100 ohms to dBm, lo-
catethe 100 ohm load impedance onthe bottom
of the graph. Foliow the impedance line to
the heavy black line, and read the meter
eorrection at that point. The correctionfor
100 chms is +7. 5 dBm, and the corrected
reading is +47. 5 dBm,

Model 400F/FL

3-10. WIDE BAND AC AMPLIFIER.

a.

CCAUTION

EXTREME CARE SHOULD BE
TAKEN TO AVOID COMMON
GROUND PATHS BETWEEN THE
INPUT AND OUTPUT SIGNALS.
BECAUSE OF THE HIGH GAIN OF
THE INSTRUMENT ONTHE MORE
SENSITIVE RANGES (80DBON. 1
MV RANGE, ETC.), COMMON
GROUND PATHS CAN CAUSE
OSCILLATIONS AT HIGHER
FREQUENCIES.

Perform the steps listed in Paragraphs 3-5
and 3-7,

b, Set the meter RANGE switch to the approxi-
mate range of the input signal.
¢. When signals of frequencies lessthan 100kHz
are being amplified, the 100kHz, L.P. FiL-
TER may be switched in to reduce high fre-
guency noise and lessen the possibility of
osciilations.
d. Connect the input signail to the INPUT
terminals.
e, Table 3-2 shows the gain factor for each
range of the 400F/FL icto an open ecircuit.
Table 3-2, AC Amplifier Gain Factors
RANGE GAIN RANGE GAIN
300V -50 dB 100V +20 dB
100V -40 dB 30mv +30 dB
30V -30 dB 10mv +40 dB
WV -20 dB 3mV +50 dB
v -10 4B 1mV +680 dB
1v 0 dB L 3mV +10 dB
BV +10 dB .AmV +80 dB
3-11. 400F WITH OPTION 01,

3-12. Operating procedures forthe 400F with Option
01 are the same a8 the operating procedures for the

standard

400F. The only difference between the two

models is the scale layout. The 400F with Option 01

has a dB

geale which reads from -15 to +2, instead

of from -12 to +2. The dB scale is placed at the top
of the meter face for better resclution.
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Figure 3-3. Impedance Correction Graph
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