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Model 5090A

Section 1
Paragraphs 1-1 to 1-12

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. CONTENT. This manual provides instructions on
operation and maintenance of the @ Model 5090A
Standard Frequency Receiver.

1-3.  SERIAL PREFIX. The Model 5090A carries a
five-digit serial number with a three-digit prefix
(000-00000) engraved on a label on the rear panel. If the
prefix number on the instrument agrees with the prefix
number on the title page, this manual applies to the
instrument directly. However, if the prefixes do not agree,
change sheets with the manual describe changes which
are necessary so that the manual can be used with the
instrument.

1-4 GENERAL DESCRIPTION.

1-5.  The Hewlett-Packard Model 5090A Standard
Frequency Receiver is a general-purpose instrument
which provides high-stability outputs at 100-kc and I-Mc.
The instrument can be used directly as a frequency
standard, or employed as a frequency,phase measuring
system to calibrate secondary frequency standards.

1-6. The instrument comprises a 100-kc crystal
oscillator, phase-locked to the standard frequency carrier
of the British Broadcasting Corporation (BBC) Light
Programme broadcast on 200-kc from Droitwich,
England. The stability of the output when locked to the
transmitter is better than 5 parts in 10'° per day. Full
European coverage is ensured by the high sensitivity and
narrow bandwidth of the receiver.

1-7.  In normal operation the user is protected against
transmitter failure or shut-down by fail-safe gates which
prevent erroneous outputs if the internal oscillator is not

securely phase-locked to the received carrier. This facility
can be by-passed if continuous outputs are required.
Under these conditions, in the absence of the 200-kc
Droitwich carrier, the stability of the internal oscillator
is better than 42 parts in 10® per week at constant
temperature.

1-8.  Facilities are provided for comparing the frequency
or phase of an external signal with the standard. The meter
on the front panel can be used as a coarse indication, but
for the most precise measurements a chart recorder or
time-interval counter is necessary.

1-9.  The instrument is self-contained and the only
external items required are a mams supply and aerial.
Printed circuits and transistors are used throughout to
ensure reliability.

1-10. The receiver is constructed as a /3 rack-width
module following the  modular cabinet system, and is
intended for bench use. If required for rack mounting, a
Rack Adaptor Frame (@ Part No. 5060-0797) or a Model
1051A Combining Case may be used.

1-11. ACCESSORIES SUPPLIED WITH THE
INSTRUMENT.

& 8120-0078
® 10502-6001

Power Cable with plugs.
Coaxial jumper cable with BNC plugs.

1-12. ACCESSORY AVAILABLE at EXTRA COST.
@ 15500A Ferrite rod aerial.

1-13. SPECIFICATIONS

1-14. Table 1-1 lists the technical specifications for the
Model 5090A.

Figure 1-2  Accessory Available at Extra Cost for Model 5090A Standard Frequency Receiver
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Table 1-1

Model 5090A

Table I-1 SPECIFICATIONS

INPUT FREQUENCY:
200-kc¢ British  Broadcasting Corporation
Programme Carrier

SENSITIVITY:
1 microvolt into 75 ohms

INPUT IMPEDANCE
75 ohms nominal B N C Coaxial input.

LOCKED FREQUENCY STABILITY:

Long-term stability will be that of the Droitwich
transmitter. Short-term stability may be less than that
of the Droitwich transmitter due to propagation
effects, but these are expected to be small within the
British Isles. The typical drift rate for the Droitwich
transmitter arranged over several days can be less than
1 part in 10 Limits of | part in 10® are maintained
by the B.B.C. (see Paragraphs 3-3 through 3-8).

UNLOCKED FREQUENCY STABILITY:
Unlocked stability will be that of the internal crystal
oscillator, 2 parts in 10® per week at constant tempera-
ture.

BANDWIDTH:
Less than 1 cps.

ADJACENT SIGNAL REJECTION:

Signals 60db greater than the wanted signal and
removed in frequency by at least 3-kc from the wanted
signal cause phase-delay errors not exceeding | micro-
second.

(Better than 70db rejection at 9-kc separation).

OUTPUTS:
100-kc¢ and 1-Mc; I volt rms into 1000 ohms

(Approximate Sine Wave).

PHASE-DELAY STABILITY:

Temperature changes in the range 0-50°C will cause
phase-delay shifts not exceeding 1 microsecond.
(I microsecond error over an integration time of
24 hrs. represents a comparison error of 1 part in
8.64 x 10').

METER READINGS:

1) Loop Volts (Test Position)

2) Signal Level (Relative)

3) Sync. Ext. Std. In this position the meter indicates
the output of the comparator. The reading
is related to the phase difference between the two
inputs of the comparator. The chart recorder
output is shunted by approximately 100 ohms when
the switch is in this position.

FAIL SAFE:
This facility ensures that outputs are available only
when the instrument is securely locked to the input

Light

signal and a relative signal level indication of 25 or
greater is available.

FREE RUN:
Outputs are available at all times whether instrument
is locked or not.

ADJUSTMENTS:

Set Level is a Front Panel gain control and is used for
day-to-day variations of signal level.

A D.C. output control enables the amplitude of the
output from the phase comparator to be varied.

DIMENSIONS:

NOTE ~ (A)
DIMENSIONS IN INCHES AND (MILLIMETERS)
(A) FOR TOTAL LENGTH INCLUDING KNOBS
ADD 1IN.RSMM)

(B) FOR HEIGHT INCLUDING FEET

ADD 7/161IN. (11MM)

ToP '

@79)
—T_
63
SIDE 19%)
L J1 |
?’“55}5 129) —=f

WEIGHT: 9 Ib (4.1 Kg).

POWER:
115 or 230 volts + 109, 50/1000 c p s 8 watts.

LOCAL STANDARD INPUT: (For Phase Com-

parison only)
100-kc or 1-Mc 1 volt rms 1000 ohms.

1000 ohms.

CHART RECORDER OUTPUT: (For Phase Com-

parison only) ‘
ImA maximum into external resistance up to 1.2k

ohms.

STORAGE TEMPERATURE:
0°C to 55°C (32°F to 13I°F).

OPERATING TEMPERATURE:
0°C to 50°C (32°F to 122°F)
(see para. 2-30)

into

19
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Model 5090A

Section II
Paragraphs 2-1 to 2-7

SECTION I
INSTALLATION

2-1. INITIAL INSPECTION.

2-2. MECHANICAL CHECK. Inspect instrument for
shipping damage as soon as it is unpacked. If the shipping
carton is damaged, ask that the carrier’s agent be present
when the instrument is unpacked. Inspect the instrument
for mechanical damage (scratches, dents, broken knobs,
etc.). Also check the cushioning for signs of severe stress.

2-3. PERFORMANCE CHECK. The electrical per-
formance of Model 5090A should be verified as soon as
possible after receipt. A performance check suitable for
incoming inspection is given in Paragraph 5-6.

2-4. CLAIM FOR DAMAGE. If Model 5090A is
mechanically damaged or fails to meet specifications on
receipt, notify the carrier and the nearest Hewlett-
Packard field office immediately. (A list of field offices is
at the back of this manual). Retain the shipping carton
and the padding material for the carrier’s inspection. The
field office will arrange for the repair or replacement of
your instrument without waiting for the claim against
the carrier to be settled.

2-5. RECEIVER INSTALLATION.

2-6. Model 5090A is shipped from the factory ready
for operation as a bench instrument. For rack installa-
tions, a Combining Case or a Rack Adaptor Frame
should be used. A permanent installation is not essential.

2-7. COMBINING CASE. Model 1051A Combining
Case (see Figure 2-1) provides a convenient means for
bench or rack mounting this instrument in combination
with other small modular Hewlett-Packard instruments.
In the bench application it may be used either singly or
stacked with other combining cases or full modules. Two
internal dividers are furnished so that the case accepts
either 1/3- or 1/2-width modules. Blank panels and
Accessory Drawers are available to give the case a
finished appearance when not all the space is used. All

units can be easily inserted or removed from the front.
A Control Panel Cover (@ Part No. 5060-0828) with
locking device and carrying handle converts the Com-
bining Case into a carrying case. Each Combining Case
is furnished with hardware that converts the case to a
19-in. wide x 7-in. high rack mounting unit which matches
the appearance of full rack-width modules. Instructions

i
‘ FILLER PANEL

/ |

o | 7 E
0 Of
O ' | PO
o O
O -O
O O

‘ RACK ADAPTER FRAME

Figure 2-1 The Combining Case

DIVIDER ASSEMBLIES

DIVIDER LATCH

SUBMODULE RETAINER

Figure 2-2  Adaptor Frame, Instrument Combinations

02177-1



Section 11 Model 5090
Figure 2-3 ode A

2 PUSH DIVIDER IN

’ SUIDE DIVIDER LATCH LEFT TO OPEN DIVIDER SLOTS.
TO FULL EXTENT

SLIDE TOP, THEN BOTTOM, OF DIVIDER INTO UPRIGHT POSITION

4 PUSH DOWN TO RELEASE RETAINER.

3 SLIDE DIVIDER LATCH
PULL RETAINER FORWARD AND DOWN.

RIGHT TO LOCK
DIVIDER IN SLOT.

5 PLACE INSTRUMENT INTO CASE, 6 LIFT RETAINER UP SET
AND PUSH GENTLY TO HOOKS INTO SLOTS

FULL EnsN IN DIVIDER.

PUSH UP TO LOCK.

Figure 2-3  Steps to Place Instrument into Combining Case
2-2 02177-1



Model 5090A

for installing Model 5090A in a Combining Case are given
graphically in Figure 2-3.

2-8. RACK ADAPTOR FRAME. A simple, but less
versatile Adaptor Frame (@ Part No. 5060-0797) is also
available to rack mount 1/3- or 1/2-width. modular
instruments. The blank panels or drawers described above
may also be used to fill unused space in these frames
(See Figure 2-2). An instrument mounted in this way
cannot be removed without first removing the frame
itself from the rack, hence the Combining Case is more
convenient where quick and easy removal and re-
installation of instruments is desired. For a permanent
installation, however, this Adaptor Frame is fully
adequate. Installation instructions are given in Figure 2-4,

2-9. AERIAL INSTALLATION.

2-10. The type of aerial required will depend upon where
the Receiver is installed (sec Appendix I). Hewlett-Packard
recommend use of one of the following aerials, according
to local signal levels.

a. FERRITE ROD. A ferrite rod aerial (#® Model
15500A) will provide adequate signal input to the Receiver
throughout the greater part of the British Isles. Turn the
rod to the maximum signal position before fixing.

b. SCREENED RESONANT LOOP. In low-signal
areas, and where adjacent-channel interference is preva-
lent, the higher sensitivity and sharper directional
properties of a screened resonant loop are advantageous.
Turn the loop either to the maximum signal position, or
to the minimum interference position, according to local
conditions.

c. SO-FT.INVERTED-L. This type of aerial may be
used as an alternative to (b) in low-signal areas free from
interference and for shipboard use in Northern and
Western waters.

2-11. The aerial must be located where it will not pick
up spurious 200-kc radiation from other equipment.
Frequency Counters, for example, often radiate a strong
200-kc component and can be a particularly serious
source of interference. The Receiver itself is fully screened
and may be mounted close to similar units without
restriction.

2-12. Connect the aerial to the Receiver via a 75Q
co-axial feeder cable terminated in a BNC socket. The
aerial connector is on the rear panel. With inverted-L
aerials a coupling transformer may be used to match the
aerial impedance to 75Q if maximum sensitivity is
required.

2-13. POWER CONNECTIONS.

2-14. Model 5090A can be operated from either 115V or
230V (+10°,) power lines. A slide switch on the rear
panel permits quick conversion for operation from either
voltage (see Figure 2-5). Insert a narrow-blade screw-
driver in the switch slot and move the switch to expose
the number corresponding to your nominal line voltage.
CAUTION
Before connecting ac power to the instrument,
ensure that this switch is correctly set.

2-15. The receiver is supplied with a 150mA fuse for
115V or 230V operation.

2-16. A 3-conductor power cable is supplied with the
instrument. Connect the flat 3-conductor female plug
to the jack.on the rear panel of the instrument.
Connect the male plug (two blades with round grounding
pin) to a 3-conductor (grounded) outlet. Exposed portions

02177-1

Section I1
Paragraphs 2-8 to 2-21

= |~ V3 MODULE

7 CLAMP

SPACER CLAMP
__RETAINING SCREWS

Figure 2-4 Three Third Modules in Rack Adaptor

of the instrument are grounded through the round pin
for safety. When only two conductor outlets are available,
use connector adaptor (@ Part No. 5060-0828) and
Circuit a short.wire from the adaptor to a suitable
ground.

2.17. For British and European power outlets, a suitable
adaptor may be available locally. Otherwise, cut the
existing. plug from the cable and connect a suitable plug

WARNING

HEWLETT-PACKARD POWER  SUPPLY
CABLES ARE COLOUR-CODED  AS
FOLLOWS:
LIVE = BLACK
NEUTRAL = WHITE
EARTH = GREEN

ENSURE THAT REPLACEMENT PLUGS
ARE WIRED CORRECTLY BEFORE
CONNECTING AC POWER.

2-18. SIGNAL CONNECTIONS.

2-19. The 100-kc and 1-Mc outputs are connected to
BNC sockets on both the front and rear panels of the
receiver. The mating connector is a BNC plug. Refer to
Section 111 (OPERATION) for information on the use
of these outputs.

2-20. The DC output for an external chart recorder is
available at two dual banana jacks, one on the front
panel and one on the rear panel. This output is suitable
for driving either a moving-coil or a potentiometric
recorder. The mating connector is a male dual banana
plug (& Part No. 1251-0005).

2-21. The INTERNAL and EXTERNAL STANDARD
input sockets are described in Section 111.

2-3



Section 1l
Figure 2-5 Model 5090A

INPUT ATTENUATOR
UNDER BUTTON PLUG

SUPPLY VOLTAGE
Il — SELECTOR

OUTPUT TO CHART
RECORDER

TO USV.AC
OR 230V.AC

CONNECT TO GROUND
F ADAPTER IS REQUIRED

Figure 2-5  Rear Panel Connections
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Model 5090A

2-22. INITIAL SETTING UP.

2-23. For installations within the primary service area
of Droitwich (see Figure 1A-4) set the preset atten-
uator control located under the button plug on the rear
panel fully counter-clockwise for maximum attenuation.
For installations beyond this area set the control between
the mid-position and fully clockwise.

2-24. Ensure that the rear panel selector switch is set
to the correct voltage, and that ac power is connected
to the instrument.

2-25.

a. Set the power switch to ON and observe that the
red lamp glows.

b. Temporarily remove the aerial plug from the rear
panel connector.

c. Set the meter function switch (black knob) to
LOOP VOLTS.

d. The meter pointer should settle to a reading of
25 to 35 If this meter reading is not obtained within
10 minutes of switching on, the instrument is faulty.
Refer to Fault Location, Paragraph 5-20.

e. Re-connect the aerial.

f.  Set the meter function switch to SIGNAL LEVEL.

g. Check that the meter pointer shows small fluctua-
tions in level which gradually increase in amplitude until,
after about 3 to 4 minutes, a steady indication is shown.

h. Adjust the SET LEVEL control to set the meter
reading to 30. If the SET LEVEL knob has insufficient
control, adjust the attenuator under the button plug on
the rear panel as necessary.

2-26. Check that the Receiver is not phase-locking to
spurious 200-kc radiation from other equipment by
temporarily switching off such equipment where possible.

2-27. If the SIGNAL LEVEL meter reading does not
stabilize within 10 minutes the signal level is too low.
Consideration should be given to improving the aerial
system.

2-28. The Receiver is now ready for use.

2-29. OPERATION AT HIGH OR LOW
TEMPERATURES.

2-30. If the instrument is to be used at temperatures
outside the range +15°C to +35°C the internal oscillator
may fail to lock within 10 minutes even with an adequate
signal level. Under these conditions the following
adjustment will be necessary:—

a. Remove the right hand side panel.

b. Connect the aerial.

c.  Switch on power.

d. Set the meter function switch to SIGNAL LEVEL.

e. Turn the SET LEVEL control fully clockwise and
check that the instrument is attempting to lock, i.e. that
the meter pointer beats up and down.

f. Using a non-magnetic insulated screwdriver,
adjust VCI slowly in a direction which will decrease
the frequency of the beats until the instrument locks.

g.  Adjust the SET LEVEL control until the signal
level reads 30.

h. Set the meter function switch to LOOP VOLTS.

j- Adjust VCI very slowly until the meter reading is

k. If the instrument goes out of lock during stage
(j) repeat the procedure from (d) onwards.

02177-1

Section II
Paragraphs 2-22 to 2-35

2-31. STORAGE AND SHIPMENT.

2-32. ENVIRONMENT.

2-33. Temperatures during storage and shipment should
normally be limited as follows:
Maximum temperature 131°F (55°C)
Minimum temperature 32°F (0°C)

2-34. PACKAGING.

2-35. The Model 5090A is shipped in a foam pack and
cardboa. 1 carton (see Figure 2-6). When repacking the
instrument for shipment the original foam pack and
carton should be used if available. If not available, new
packs and cartons can be purchased from Hewlett-
Packard (see Section VI, Misc.). Use the following
as a general guide for repackaging the instrument:

a. Place the instrument in the foam pack as shown
in Figure 2-6.

b. Clearly mark the packaging box with ‘Fragile’,
‘Delicate Instrument” etc., as appropriate.

Note

If the instrument is to be shipped to Hewlett-Packard
for service or repair, attach to the instrument a tag
identifying the owner and indicating the service or
repair required. Include the model number and full
serial number of the instrument. In any correspon-
dence, identify the instrument by model number,
serial number and serial number prefix.

INSTRUMENT FOAM - PACK

FOAM - PACK

CARTON

Figure 2-6  Repackaging for Shipment



Section 11 Model 5090A
Paragraphs 2-36 to 2-40

2-36. If, for any reason, an alternative method of 2-37. The Model 5090A weighs 9 Ibs.

F&?gwiigmt:sglihu&e:f& ?)ed?:ezlicﬁ-;?"m carton from the 2-38. The instrument should be wrapped in kraft paper
’ or plastic sheeting to avoid abrasion.

Gross Shipping Weight Carton Strength : .
Up i 20 Ibs 200 Ibs test ot have | gambgesble. projeciing - parts should be
40 10 120 Ibs 350 Ibs test protected with polyurethane or cushioned paper.
120 to 140 Ibs 500 lbs test 2-40. The instrument should be surrounded with at
140 to 160 Ibs 600 Ibs test least 4 inches of tightly-packed shock-absorbing material.
02177-1

2-6



Section II1
Paragraphs 3-1 to 3-17

SECTION Il
OPERATION

Model 5090A
3-1. INTRODUCTION.
3-2.  The Model S090A Standard Frequency Receiver

provides high-stability outputs of 100-kc and 1-Mc which
can be used directly as frequency standards. The
instrument also incorporates an independent comparator
for accurate phase and frequency comparison of an
external signal and the internal standard, or of two
external signals. The front and rear controls, indicators
and conncectors are illustrated in Figures 3-2 and 3-3.
Figures 3-4 to 3-6 outline the step-by-step procedures
for operating the instrument as a frequency standard or
phasc and frequency comparator.

3-3. ACCURACY OF 200-kc TRANSMISSION.
3-4. In addition to its normal function as a broad-
casting transmitter the 200-kc Light Programme

Transmitter of the British Broadcasting Corporation at
Droitwich, England, is maintained as a frequency
standard. The convenient carrier frequency and high
field strength throughout the British Isles give an excel-
lent low-cost service which is widely used as a frequency
reference by professional engincers. See Appendix I for
details of area coverage.

3-5. New equipment recently installed provides a
stability which is not normally exceeded by a crystal
oscillator. Results published by the National Physical
Laboratory (NPL) have shown average daily rates over
several days of less tnan one part in 10 per day.

3-6. To exploit this improved stability the BBC makes
more frequent adjustments to the oscillator to maintain a
very accurate 200-kc carrier. Limits are now set at
+ § parts in 10, The requirements of the more
accurate worker are met by the NPL monitoring service
which compares the transmitted frequency daily against
a caesium standard, and publishes the result to the nearest
one part in 1019, The careful design of the Model 5090A
ensures that a transmission of this type is fully utilised
and the stability of the signal is not degraded in iny way.

3-7.  There are 8.64 x 10" microseconds in
—approximately 10", Consequently, if two frequencies,

nominally of 100-kc but differing in frequency by one .
part in 10, are to be compared, it will be about 24 hourg2>.

before one oscillator has completed a whole cycle more
than the other. That there is some advantage to be
gained by making the comparison at the highest possible
frequency becomes apparent when one considers that
two 1-Mc oscillators under similar circumstances to the
example given would require only 2.4 hours to become
one whole cycle out of step. However, frequency
comparisons of the accuracy now available from the
Droitwich transmitter can be made, at the frequencies
most commonly used by frequency standards and
counters, only over a considerable period of time.
During this time the receiving and comparison equipment
should not contribute any significant error, such as
change of phase delay from input to output.

3-8. The use of time interval measuring equipment will
shorten the time required if the signals are sufficiently
pure, but care must be taken to ensure that the receiving
equipment does not contribute short-term phase errors.

02177-1
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It should be borne in mind that such errors can arise
from the effects of temperature changes, large interfering
signals on neighbouring frequencies, over modulation,
or radio noise.

3-9. USE AS A STANDARD FREQUENCY SOURCE.

3-10. The 100-kc and 1-Mc outputs are available at
BNC sockets on both the front and rear panels; the
respective sockets are wired in parallel. An output level
of at least | wvolt rms (approximately sinewave)
is available into an impedance of 1000 ohms or greater.

3-11. With the DC OUTPUT control (red knob) turned
towards FAIL SAFE, outputs are obtainable only when
the receiver is phase-locked to the transmitter carrier with
a signal level of greater than 25. This is the normal
operating condition of the instrument in which the user
is protected against signals of unstabilized frequency
which might be generated by the internal oscillator during
periods of transmitter shut-down.

3-12. By setting the DC OUTPUT switch fully clockwise
to the FREE RUN (click) position, the fail-safe gate is
by-passed and outputs are continuously available whether
the internal oscillator is phase-locked or not. The
instrument may be operated in this mode when the
Droitwich signal is not available, e.g. during normal
close-down (0200-0400 British Civil Time daily), under
fault conditions at the transmitter, or when, for any other
reason, the received signal strength is inadequate. When
the Receiver is not locked to the Droitwich transmission
the output stability is that of the internal oscillator
(£2 parts in 108 per week at constant temperature).
3-13. USE AS A PHASE OR FREQUENCY
COMPARATOR.
3-14. Phase or frequency comparisons can be made at
100-kc or 1-Mc by linking the comparator to the
standard frequency output of the instrument at 100-kc
and 1-Mc (see Figure 3-5). Alternatively, since the
comparator is entirely separate from the other functions
of the instrument, it can be used independently to
compare signals at any other frequency within its
frequency range of 50-kc to 10-Mc. However, the two
_\frequencies to be compared must be approximately
>)equal.

3-15. Satisfactory results may not be obtained if the
level of the external signal is less than 1V rms, but in
some circumstances an improvement may be effected by
interchanging the connections to the INTERNAL and
EXTERNAL STD. INPUT connectors.

3-16. A 5-Mc external signal can be compared directly
with the [-Mc standard, but the DC output level will be
reduced and it will usually be necessary to interchange
the inputs, as detailed in the previous paragraph.

3-17. For precise measurement a Chart Recorder or
Time Interval Recorder should be connected to the DC
output Terminals on either the front or the rear panel
(see Figures 3-2 and 3-3). Where a high accuracy of
measurement is not required the use of a Chart Recorder
may be dispensed with, and the front panel meter can be
used to indicate the beat frequency (see Figure 3-6).
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3-18. PHASE MEASUREMENT ACCURACY.

3-19. The phase measurement accuracy of the compara-
tor is primarily determined by the stability of the received
external signal in the locality where the instrument is being
operated. The charts given in Figure 3-1 may be used to
resolve the chart recording into the stability of the
external signal. The relationship used is:
Frequency 1.5 x 10-° 10

Error 3—x60x60—l.39x10

For example, if the measured phase delay differ-
ence is 1.5 us during 3 hours

Frequency measured phase delay difference
Error ~elapsed time (us) during measurement
= Approximately 1.4 parts in 10'°

METER AND METER FUNCTION SWITCH.

3-20.

3-21. The meter function switch selects the information
to be indicated by the meter. It has three positions as
follows:
LOOP This is a test position to check the
VOLTS frequency control loop. At an ambient
temperature of 25°C the meter reading
should normally be between 25 and 35
(30+1 minor division).
SIGNAL This is the normal operating position of
LEVEL the switch, in which the meter indicates
the relative signal strength of the 200-kc
input. During use the reading should be
set to 30 by adjusting the SET LEVEL
control.

Model 5090A

SYNC. In this position the meter is switched to

EXT. the dc output of the comparator, and

STD.  the meter reading is related to the phase-
difference between the two inputs to the
comparator. The output level at the D.C
output terminals will be reduced because
of the shunting effect of the meter
movement.

3-22. SWITCHING ON.

3-23. Where the Receiver has been set up as described
in Section 2, Paragraphs 2-22 through 2-28, proceed as
follows:

a. Set the mains switch to ON and observe that the
red indicator lamp glows.

b. Check that the aerial is connected.

c. Setmeterswitch (black knob) to SIGNAL LEVEL.

d. Check that the meter pointer shows small
fluctuations in level which gradually increase in ampli-
tude until, after about 3 to 4 minutes, a steady indication
is shown.

e. If necessary, adjust the SET LEVEL control to
bring the meter indication to 30.

f.  The instrument may now be used, but optimum
phase stability will be reached after about one hour.

3-24. EXTERNAL RECORDER OUTPUTS.

3-25. Phase comparison outputs for a Chart Recorder
are provided at both front and rear panels at terminal
connectors labelled D.C. The two sets of connectors
are wired in parallel.
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Model 5090A Section III
Figure 3-2
FRONT PANEL
D.C. OUTPUT r
i SIGNAL LEVEL
LOOP SYNC. ]o
1. FRONT PANEL METER:indicates control 7. 100-KC OUTPUT: wired in parallel with
!oop level, relative signal strength of 200-kc 100-kc output connector on rear panel.
input, or phase difference between inputs
to the comparator, depending on setting of 8. SET LEVEL: a screwdriver-adjusted gain
Meter Function Switch (9). control in the 200-kc amplifier. Used for
2. D.C. OUTPUT: terminal connections for day-to-day adjustments of signal level.
connec tion to Chart Recorder. 9. METER FUNCTION SWITCH "
. . ¢ three-
3. Eax:-t &f%mif%&f:%’;“ﬁ%cp;?gvr:g]’“ﬁoag position switch to select meter indication of
al%cal frequency standard for phase compari- control loop level, relative signal strength
son only of 200-kc input, or phase difference between
: inputs to the com parator.
4. MAINS INDICATOR LAMP: glows when
power is applied to the instrument and the 10. D.C. OUTPUT Control: adjusts the output
power switch is at ON. level of the comparator. In fully-clockwise
5. A.C.POWER SWITCH: controls the ac mains (click) position the control operates a switch
input to the instrument. to bypass the fail-safe gate and bring the
) . instrument in the FREE RUN mode. In this
6. 1-MC OUTPUT: wired in parallel with mode the D.C. output level is at maximum
1-MC  connector on rear panel. and cannot be varied.

02177-1

Figure 3-2

Front Panel Controls, Indicators and
Connectors
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Figure 3-3

Model 5090A

REAR PANEL

Rl E L

INTERNAL

BT Y ey

IMC

STDINPUT  OUTPUT

INTERNALSTD. INPUT: a BNC connector
providifrg an input for either 100-kc or 1-Mc
from a 100-kc or I-Mc OUTPUT connectors
at the front or rear of the instrument. Used for
phase comparison only.

EXTERNAL STD. INPUT: a BNC connec-
tor providing an input for either 100-kc or
1-Mc from a local frequency standard for
phase comparison only. Wired in parallel
with the EXT. STD. connector on the front
panel.

D.C. OUTPUT: Terminal connections for
phase comparison output toChart Recorder.
Wired inparallel with D.C. terminals on front

panel.
115/230V MAINS SELECTOR SWITCH

10.

A.C. MAINS INPUT CONNECTOR: a
3-pin plug which mates with the flat plug on
the power lead.

A.C. MAINS FUSEHOLDER :insert 150mA
fuse for both 115V and 230V operation.

1-MC OUTPUT: in parallel with the I-MC
connector on the front panel.

100-KCOUTPUT : in parallel withthe 100-KC
connector on the front panel.

AERIAL 75Q: Aerial input connector.
INPUT ATTENUATOR ADJUSTMENT:

remove plug to gain access to screwdriver
adjustment, see Section V, para. 5-10,

Figure 3-3  Rear Panel Controls and Connectors
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Section 111
Figure 34

OPERATION AS A STANDARD FREQUENCY

SOURCE

HEWLETT @ PACKARD

RECEIVER
MODEL S090A

Connect the aerial and mains leads to the appro-
priate connectors on the rear panel of the instru-
ment. Then proceed as follows:

Set the AC Power Switch to ON.
2. Check that the mains indicator lamp glows.

3. Set the meter function switch to SIGNAL
LEVEL.

4. Check that the meter pointer shows small
fluctuations in level which gradually increase
in amplitude until a steady indication is

iMC

6.

7 .
., FAIL  FREE

— -
N
D.C. OUTPUT ~
SIGNAL LEVEL
Loop SYNC.
VOLTS EXT.STD.

\ BAFE . RUN

obtained after about 3 to 4 minutes. If neces-
sary, adjust the SET LEVEL control to bring
the meter indication to 30.

Set the D.C. OUTPUT control towards
FAIL SAFE to obtain output signals only
when locked to the 200-kc input. Alterna-
tively, set the control to FREE RUN to
obtain outputs whether the instrument is
locked or not.

Us= the 100-kc and 1-Mc signals as required.

Figurc 3-4  Operation as Standard Frequency Source

02177-1
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Figure 3-5

OPERATION AS A PHASE OR FREQUENCY
COMPARATOR

(USING A CHART RECORDER FOR PRECISE MEASUREMFNT)

b7} P -
Y A : ;{:— R
2 8 08 60T 5
15 [{ SIGNAL, %
7 ‘ " M:*b S \;‘
- e 5
voiTe Y B :
§ 7
2 .
RS
3 LR b
- DG R 3 b S &
{ >  REC “
x5 (i ODE! 3 ':-
S =
2
3
- 3

Set the AC Power Switch to ON.
Check that the mains indicator lamp glows.

Set the meter function switch to SIGNAL
LEVEL.

6. Check the that meter pointer shows small
fluctuations in level which gradually increase
until a steady indication is obtained after

Connect the aerial and mains leads to the appro-
priate connectors on the rear of the instrument (see
Figure 3-3). Connect the 9-inch jumper cable (@
Part No. 10502-6001) between the INTERNAL
STD. INPUT connector on the rear panel and
1-MC OUTPUT and 100-KC OUTPUT connectors
as appropriate. Then proceed as follows:

1.

Connect the 100- k¢ or 1-Mc external signals
to the EXT. STD. connector on the front
panel or to the EXTERNAL STD. INPUT
connector on the rear panel.

Connect a Chart Recorder or Time Interval
Counter to the D.C. output terminals (front
or rear panels).

NOTE: Except for moving-coil recorders
having a dc resistance less than 1.2kQ
connect a 1.2 kQ resistor across the D.C.
output terminals.

about 3 to 4 minutes. If necessary, adjust the
SET LEVEL control to bring the meter
indication to 30.

Adjust the D.C. OUTPUT control to obtain a
satisfactory sinewave trace on the recorder.
This adjustment can be made only when the
instrument is in the FAIL SAFE mode. The
chart recording represents the phase difference
between the external standard and the internal
standard, and will change as the phase
relationship changes.

Figure 3-5 Operation as a Phase or Frequency
Comparator (Using a Chart Recorder for

Precise Measurement)
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Section 111
Figure 3-6

OPERATION AS A PHASE OR FREQUENCY
COMPARATOR

(LESS PRECISE MEASUREMENT ‘AI1THOUT A RECORDER)

b

RECEIVER
MODEL 5090A

Connect the aerial and mains leads to the appro-
priate connectors on the rear of the instrument (see
Figure 3-3). Connect the 9-inch jumper cable (®
Part No. 10502-6001) between the INTERNAL
STD. INPUT connector on the rear panel and
1-MC OUTPUT and 100-KC OUTPUT connectors
as appropriate. Then proceed as follows:

1. Connect the 100- kc or I-Mc. external signals
to the EXT. STD. connector on the front
panel or to the EXTERNAL STD. INPUT

connector on the rear panel.
2. Set the AC Power Switch to ON.
3. Check that the mains indicator lamp glows.

HEWLETT @ PACKAKD

n

5
A
?
DL. OUTPUT
SIGNAL LEVEL
<
LooP SYNC !
VOLTS g i
]T 486
{ 7
AN |
uE fFail FREE I
p SAFE  RUN

Set the meter function switch to SIGNAL
LEVEL.

Check that the meter pointer shows small
fluctuations in lesel which gradually increase
until a steady indication is obtained after
about 3 to 4 minutes. I necessary, adjust the
SET LEVEL control to bring the meter
indication to 30.

Set the meter function switch to SYNC.
EXT. STD.

Adjust the D.C. OUTPUT control to obtain
a suitable meter deflection. The meter read-
ing is related to the phase difference between
the two inputs to the comparator.

Figure 3 6

Operation as o Phase or Frequeney

Comparator (Less Precise Measurement
without a Chart Recorder)
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Section IV Model 5090A
Figure 4-1|
PHASE
DETECTOR D.C. ANP.
AMPLIFIER AND
S D EMITTER FOLLOWER
e
Qs 'TX: D s
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Figure 4-1 Functional Diagram of Model 5090A
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Section IV
Paragraphs 4-1to4-19

SECTION IV
PRINCIPLES OF OPERATION

4-1 GENERAL.

4-2 A block diagram of the receiver is given in Fig. 4-1.
The instrument comprises a 100-kc crystal oscillator
which can be phase-locked to the received standard
frequency carrier of Droitwich on 200-kc. The oscillator
drives a harmonic generator to provide output frequencies
at 100-kc, 200-kc and 1-Mc. The 200-kc output is applied
to a phase-detector together with the amplified 200-kc
Droitwich carrier, and the resulting d.c. output is fed to
a variable-capacitance diode network in the oscillator
circuit. Any phase difference between the oscillator and
the Droitwich signal produces a d.c. output of appro-
priate polarity and magnitude to vary the capacitance
and pull the oscillator frequency in the required direction
to cancel the phase difference.

4-3  The fail-safe output gate is controlled by a second
phase-detector, similar to the first but operating in
quadrature, which gives a d.c. output only when the
oscillator is locked to the Droitwich signal. This output is
applied to the 100-kc and 1-Mc emitter-follower output
stages to overcome a standing bias which otherwise
holds them cut-off. The time-constant of the circuit which
delays the opening of the gate after the oscillator has
become locked is approximately three seconds. The gate
can be bypassed by a front panel switch.

4-4  The output level of the second phase-detector is
proportional to received signal strength and is therefore
also used to provide a front panel SIGNAL LEVEL
indication.

4-5  The phase-frequency comparator consists of a
third phase-detector in which an external frequency at
100-kc or 1-Mc may be compared with the appropriate
internally-generated signal. A co-axial link on the rear
panel is provided for this purpose. The resulting output
passes through a short time-constant integrator to an
emitter-follower output stage which can supply up to
1 mAintol.2 kQtoan external chart recorder.The front
panel meter can also be switched to the comparator
output.

4-6  The comparator circuit is functionally separate
from the receiver, and can be used independently to
compare any two close frequencies within its frequency
range of 50-kc to 10-Mc.

4-7 CIRCUIT DESCRIPTION.
For Circuit Diagrams, see Figures 5-6, 5-7, 5-8 and 5-10.

4-8  100-KC OSCILLATOR AND HARMONIC
GENERATOR

4-9  The oscillator employs transistor QI8 with
transformer-coupled feedback from collector to base
via T11. The frequency of oscillation is determined by the
series-resonant 100-kc crystal and the preset ' trimmer
capacitor VCI connected in series in the feedback path.
Two variable-capacitance diodes, CRIl and CR2, in
parallel with VCI form part of the phase-locking system.
The output of the oscillator is coupled to the harmonic
generator via R61-C41.

02177-1

4-10 The harmonic generator comprises transistors
Q19, Q20 connected as a modified Schmitt Trigger to
produce an output waveform rich in harmonics. The
required outputs of 100-kc, 200-kc and [-Mc are selected
by the tuned circuits T6-C45, T7-C44, and T8-C43 which
are connected in series with the collector of Q20. The
drive level to the harmonic generator is controlled by
the preset resistor VR6.

4-11  The 100-kc output from the secondary of T7 is
applied to an emitter-follower Q28 which is connected
to output sockets J6 and J9. The output level is at least
I volt rms into | kQ.

4-12 The 1-Mc output is taken from the secondary of
T8 and is amplified by the two common-emitter stages
Q25 and Q26 before passing to a similar emitter-follower
Q27 connected to the I-Mc output sockets J5 and J8.
The diodes CR14 and CR15 form a limiter. The output
level is at least | volt rms into | kQ.

4-13  The 200-kc output of T6 is one of the inputs to
the phase-locking system, and is also applied to the
signal level circuit.

4-14 200-KC AMPLIFIER

4-15 The 200-kc Droitwich signal is amplified by a
three-stage amplifier to the level required for operating
the phase-locking system. The amplifier has a narrow
band-width of about 1-kc to attenuate modulation
frequencies. Preset input attenuator/gain controls
enable a wide range of signal levels to be accommodated.
An input level of 1uV is sufficient to lock the oscillator,
and the amplifier will handle output levels of up to 20 dB
above the normal operating point without overloading.
No a.g.c. or limiting circuits are used, so that unwanted
phase-shift is avoided.

4-16 The 200-kc input from the aerial is connected to
the receiver via the BNC connector JI. The input
attenuator control VR1 is connected across the primary
of the input transformer T1. The secondary of TI is
tuned to 200-kc by C4, and is suitably tapped to provide
optimum impedance matching to the base of QI.

4-17 The first “‘cascode’ amplifier comprises transistors
Q! and Q2. Base bias is derived from the voltage divider
R3- R4 - R5. The output tuned circuit comprises the
primary of T2 tuned by C6, with damping resistor R6 in
parallel. The base and collector supplies are derived from
the — 35V supply via R1 -5, suitably decoupled.

4-18 The second ‘“‘cascode”™ amplifier is of similar
configuration, employing transistors Q3 and Q4. The
gain control VR2 is connected in the emitter circuit of Q3
and varies the decoupling effect of capacitor C12. The
amplifier gain is limited by R11l, which is individually
selected for each instrument. The output tuned circuit
is formed by the primary of T3 tuned by Cll, with
damping resistor R34 connected in parallel.

4-19 The secondary of T3 is connected via a co-axial
link to the third stage which comprises transistors
QI3, QI4 and Q23. Transistors QI4 and Q23 have

4-1
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Figure 4-2

(@) ai¢ AND Q23
COLLECTOR 200 KC
VOLTS SIGNAL
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(b) a1s SWITCHING
BASE WAVEFORM IN
VOLTS QUADRATURE

(c) a1s
COLLECTOR P e ZL.::S:RL?L
CURRENT D.C. COMPONENT
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(d) a2 SWITCHING
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Figure 4-2 Theoretical Waveforms
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Model 5090A

common inputs, but independent output circuits. Q14
drives a tuned circuit formed by T4 - C34. The output
of T4 is applied to the collector of the Control Loop
Phase Detector QI5. Transistor Q23 drives a tuned
circuit comprising T5 - C47. The output of TS is applied
to the collector of the second phase-detector Q24. Base
bias for these transistors is provided by R4]1 — R42 - R43
connected across the -35V supply.

4-20 CONTROL LOOP PHASE-DETECTOR

4-21 The Control Loop Phase-Detector compares the
phase of the 200-kc Droitwich signal with that of the
internal crystal oscillator, and produces a d.c. output
porportional to the phase difference.

4-22  The 200-kc signal at the output of T4 is applied
to the collector of QI5 via an isolating resistor R48.
The base of QIS is driven by a 200-kc signal derived
from the internal oscillator via the harmonic generator
and squarer.

4-23  The 200-kc output of the harmonic generator is
taken from the secondary of T6é to the base of Q2I,
which is an over-driven common-emitter amplifier giving
a square output waveform. The output of Q21 is directly-
coupled to the base of Q15 via R47

4-24  Fig. 4-2 shows the base and collector waveforms
of the phase-detector circuit when locked. It will be seen
that the action of Q15 is to chop the incoming Droitwich
signal, shown at (a), to produce the waveform shown at
(c). In this instance the signals are in phase-quadrature,
and the output waveform _is symmetrical; the
resulting output of the phase-detector is zero. When the
two signals are out of quadrature, as illustrated
in (d), the output of QI5 is no longer symmetrical (e)
and includes a d.c. component.

4-25 The output of Q15 is directly-coupled to the d.c.
amplifier Q16, Q17 which produces an output to the
variable-capacitance diodes in the crystal oscillator
circuit. The potentiometer VRS controls the operating
point of the d.c. amplifier and R88 is a meter series
resistor.

4-26 The resulting bias applied to the variable-capaci-
tance diodes shifts the oscillator frequency in a direction
to cancel the phase difference between it and the Droitwich
signal.

4-27 The bandwidth of the control loop is set by the
feedback components R53 - C35-C36.

4-28 SECOND PHASE-DETECTOR

4-29 At the second phase-detector the crystal oscillator
signal is 180° out-of-phase with the Droitwich signal. In
consequence the output of this circuit is a voltage which
is proportional to signal strength, and is present only
when the oscillator is phase-locked. This.output is used
to operate the fail-safe gates of the 100-kc and 1-Mc
emitter-follower output stages and also provides a signal
strength indication on the front panel meter.

4-30 The 200-kc output of Q23 is transformer-coupled
via T5 and isolating resistor R74 to the collector of the
second phase-detector Q24.

4-31  The 200-kc input to the base of Q24 is derived
from the internal oscillator and undergoes a 90° phase-
shift before being amplified by Q22 to an approximate

02177-1

Section IV
Paragraphs 4-20t0 4-43

square wave. The output of Q22 is directly-coupled to
the base of Q24 via R73.

4-32 The waveforms for the circuit of Q24 are shown in
Fig. 4-2. (f) and (g). The d.c. output is produced only
when both inputs are in phase, the output level being
proporticnal to the signal input level. When the inputs
are not in-phase, as shown at (b), the integrated output
(c) is zero. The output of Q24 is integrated by R76 - C48
and applied to the input of a compound pair Q7- Q8
which controls the gate action of the 100-kc and 1-Mc
output circiiits. A second integrator R75- C49 is in the
meter circuit.

4-33 FAIL-SAFE GATE

4-34  Theemitter of Q8 is at a potential of approximately
- 24.8V obtained from a potential divider R21 - CR7-

CR8 - R22 connected between the -35V and -24V
supplies. The collector of Q8 is connected to the lower
ends of the base-bias potential dividers for Q28 and
Q27, the 100-kc and 1-Mc outpuw emitter followers.
With no signal input to the instrument the bias conditions
of Q7,Q8.are arranged so that the collector voltage of
Q8 is about -13V. In the fail safe mode, this means that
Q27 - Q28 are biased off. When the instrument is locked
the signal level circuit current biases Q7, Q8 further on
causing the collector of Q8 to rise to the — 24V line,
biasing Q27, Q28 into the on condition.

4-35 The gate action of Q7- Q8 is over-ridden by
— 24V directly applied to Q8 collector when the FAIL-
SAFE switch S4 is placed in the FREE RUN position.

4-36 COMPARATOR

4-37 The phase-frequency comparator consists of a
third phase-detector, similar to the others, followed by
a d.c. amplifier QI1 and QI12. The comparator circuits
are untuned, the two inputs being connected directly
to the base and collector of Q10 via isolating capacitors
C15 and C16. The potentiometer VR4 controls the level
of the d.c. output signal.

4-38 METERING

4-39 The three-position switch S3 connects the front
panel meter to measure the following d.c. outputs:
LOOP VOLTS.........d.c. output of Q17
SIGNAL LEVEL......d.c. output of Q24
SYNC EXT STD......d.c. output of Q11, Q12

4-40 Diode CRI16 limits switching transients.
4-41 POWER SUPPLIES

4-42 A conventional transformer-rectifier circuit is
employed. The mains input is controlled by a double-pole
switch S1, and protected by a 0.15 amp fuse F1 in the live
connection. The mains transformer T10 has two primary
windings which may be connected in series or in parallel
by the changeover switch S2 for 230V or 115V operation.
A red neon indicator lamp is connected across one
primary winding in series with a resistor R31.

4-43  The output of the secondary is rectified by silicon
diodes CR1 and CR2, and the resulting d.c. is applied to
a series regulator circuit Q5-Q6-Q9 to provide a
regulated output of -35V. A -24V supply is derived
from this by zener diodes CRS5- CR6 in conjunction
with R17.
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Figure 5-1, Table 5-1 Model 5090A
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Figure 5-1 Cover Removal
Table 5-1 Test Equipment Required
Instrument Type Required Use Instrument
Characteristics Recommended

DC Valve Voltmeter

0 to 300vde £1%

Circuit adjustment and
troubleshooting

® Model 412A

AC Valve Voltmeter

] mv to 10V f.s.d.
Input impedance 1 megQ

Check output level
of 100 ke, 200 kc and
1 Mc signals

@ Model 400D/H/L

R.F. Signal Generator

200 ke + 1%
1 v into 75Q

Performance check

@& Model 606A

Oscilloscope, with

a. High gain Vertical
Amplifier

b. Auxiliary Plug in

c. Probe

1 Mc bandwidth
Dual Trace

Observe waveforms during
adjustment and
troubleshooting

® Model 175A
® Model 1752A

® Model 1780A
® Model 10003A

Trimming Tools

Alignment of Receiver

Mullard Vinkor DT 2047

5-0
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Section V
Paragraphs 5-1 to 5-14

SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2.  The performance Checks given in Paragraphs 5-6
through 5-12 verify that the overall performance of the
Receiver is correct. These checks can be performed with-
out removing covers, but where any adjustment is
required the top, bottom and side covers must be
removed (see Figure 5-1).

5-3.  Paragraph 5-14 gives details of regular main-
tenance checks, and fault-finding procedures are dealt
with in Paragraphs 5-20 through 5-22. The alignment
procedures given in Paragraphs 5-28 through 5-33 should
bc:tlemplcd only when the specified test facilities are
to hand.

CAUTION

Do not adjust any preset controls except as detailed
in this Manual. The tuned circuits employed in this
instrument have been adjusted for optimum stable
phasc operation. Indiscriminate adjustment will
cause phase instability. Alignment must be carried
out exactly as detailed in Paragraphs 5-28 through
5-33, and then only when a strong stable Droitwich
signal is available.

Also for phase stable operation, the components
for the tuned circuits have been selected for
temperature coefficient compensation. The user
is advised not to replace any of these components
except with those types listed in Section VI.

5-4. TEST EQUIPMENT.

5-5.  The test equipment required for the performance
checks is listed in Table 5-1. Equipment having equivalent
specifications may be substituted where required.

5-6. PERFORMANCE CHECKS.

5-7. Apply power to the Receivers as detailed in
Section 111, OPERATION.

5-8. INPUT SENSITIVITY.

a. Connect the Signal Generator to the. 75Q
AERIAL connector of the Receiver using a fully-
screened 750 cable.

b. Set the Signal Generator to give lpvinto 75Q.

c. Set the input attenuator fully clockwise (maxi-
mum sensitivity).

d. Set the meter function switch to SIGNAL
LEVEL. .

e. Turn the SET LEVEL control fully clockwise.

f.  Check that the meter pointer commences to
swing, indicating the beat frequency between the internal
oscillator and the input signal.

g. If this does not occur, very gradually vary the
Signal Generator frequency until a beat is indicated.

h.  As the internal oscillator frequency is pulled into
alignment with the input signal the amplitude of the
beat will increase until a steady reading is obtained when
the oscillator is phase-locked.

59 CONTROL LOOP.

a. Set the input attenuator fully counter-clockwise
(minimum sensitivity).

b. Turn the SET LEVEL control fully counter-
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clockwise.
c.  Set the meter function switch to LOOP VOLTS.
d. Wait ten minutes for the circuits to stabilise, and
then check that the meter reading is bet'veen 25 and 35.

5.10. FAIL-SAFE GATE.

a. Set the input attenuator fully clockwise.

b. Set the meter function switch to SIGNAL
LEVEL.

c. Set the DC OUTPUT control (red knob) fully
counter-clockwise.

d. Turnthe SET LEVEL control to mid-position.

e. Connect an aerial and allow the Receiver to lock.

Note

The input signal level must be greater than 104V

f.  Adjust the input attenuator until the SIGNAL
LEVEL meter reading is between 35 and 45.

g. Connect the AC Voltmeter, shunted with 1000Q,
to the 100-kc output connector. Note the amplitude of
the' output.

h. Turn the SET LEVEL control slowly counter-
clockwise and check that while the SIGNAL LEVEL
falls the 100-kc signal amplitude remains constant. Ata
SIGNAL LEVEL of 25 the 100-kc output level will begin
to fall. Continue reducing the SET LEVEL control until
a SIGNAL LEVEL reading of 10is reached. At this point
the 100-kc output should be less than 10°, of its initial
amplitude. If not, adjust VRS, Figure 5-2, to obtain this
condition.

5-11. QUTPUT LEVEL.
a. Connect the AC Voltmeter in parallel witha | kQ

resistor across the | MC OUTPUT connector.

b. With the Receiver locked to a 200-kc input,
check that the output level is greater than 1V rms. If not,
adjust VR9 (see Figure 5-2).

c. Transfer the AC Voltmeter and test resistor to the
100-KC OUTPUT.

d. Check that the output level is greater than 1V rms.
This output level is obtained by selecting R68 and R90.

5-12. COMPARATOR.

a. Connect the 9-inch coaxial jumper cable (10502-
6001) between the INTERNAL STD. INPUT connector
on the rear panel and the | MC OUTPUT connector.

b. Connect the Signal Generator to the EXTERNAL
STD INPUT connector on the rear panel and set to give
1V rms at 1-Mc.

c. Connect a Chart Recorder in parallel with a 1.2kQ
resistor across the DC output terminals. (The resistor is

not required for moving coil recorders with a coil
resistance of less than 1.2kQ).

d. Set the meter function switch to SIGNAL
LEVEL.

e. Adjust the DC OUTPUT control to obtain a
satisfactory sinewave trace on the recorder. This adjust-
ment can only be made when the instrument is switched
to FAIL SAFE, and fine adjustment of the signal
generator frequency may be necessary.

5-13. ROUTINE MAINTENANCE.
5-14. Once the Receiver has been aligned and set up the
only routine attention required is to compensate for

5-1



Section V
Figure 5-2

Model 5090A

S3 VR4 54 VR8 ADJUSTMENT 200-Kc AMPLIFIER

POWER SUPPLY, COMPARATOR 100-Kec OSCILLATOR
& FAIL- SAFE GATE CIRCUITS & HARMONIC GENERATOR

RIGHT-HAND SIDE

VR3 (ADJUSTMENT
200-Kc AMPLIFIER VR8 ADJUSTMENT LFOR -35V)

COMPARATOR
LEADS

100-Kc OSCILLATOR POWER SUPPLIES, COMPARATOR
& HARMONIC GENERATOR & FAIL-SAFE GATE

LEFT-HAND SIDE

Figure 5-2  Right Hand and Left Hand Side Views of Model 5090A
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Model 5090A Section V
Paragraphs 5-15 to 5-21
(A1) 200-Kc AMPLIFIER
(A3) 100-Kc OSCILLATOR AND C°’f§2§'§’°“
HARMONIC GENERATOR
Sonaans (DISCONNECTED)
(A2) POWER SUPPLY CIRCUIT \

05090602

FAIL- SAFE GATE
CIRCUIT

COMPARATOR
CIRCUIT

Figure 5-3

crystal ageing about every two months. The procedure is
as follows:

a. Disconnect the aerial. Switch to LOOP VOLTS.
Wait 10 minutes for the voltage to stabilise, then check
that the meter reading is between 25 and 35.

b. If the meter reading is outside these limits, remove
the left-hand side panel and adjust VRS (see Figure 5-2)
to bring the reading to 30. (Clockwise rotation decreases
the reading). Allow ten minutes between each adjustment
for voltage to stabilise.

c. Re-connect the aerial and allow the Receiver to
phase-lock. )

d. Adjust the SET LEVEL control and the input
attenuator VRI on the rear panel (see Figure 3-3) to
obtain a SIGNAL LEVEL reading of 30.

e. Switch to LOOP VOLTS and check that the read-
ing is still 30. If it is not, remove the RHS panel and
adjust VCI slowly (see Figure 5-2) to bring the reading
to 30. If the receiver goes out of lock during this adjust-
ment, wait for the circuits to re-lock before continuing
the adjustment of VCI.

CAUTION
Do not disturb other preset controls. If faulty
operation is suspected refer to FAULT LOCA-
TION, paragraph 5-20.

5-15. DISASSEMBLY.

5-16. Figure 5-1 shows how the instrument covers are
secured. With the covers removed all the preset controls
and components on the Comparator and Power Supply
circuits are accessible.

02177-1

Partial Disassembly of Instrument

WARNING
DISCONNECT POWER SUPPLY CABLE
BEFORE ATTEMPTING DISASSEMBLY.

5-17. The 200-kc¢ RF Amplifier Board is housed in the
small screening box at the rear of the instrument and is
accessible when the cover of this box is removed.

5-18. The 100-h¢ Oscillator Board is mounted in the
large screening box. To obtain access to the interior of
this box, or to the front panel wiring, the box must be
removed as follows:

a. Disconnect the 100-kc and 1-Mc output leads
from the feed-through terminals on the front of the box.

b. Disconnect both Comparator input leads from
the Comparator board.

¢.  Remove the bottom cover of the Receiver and
release the four serews holding the Oscillator box in place.

d.  Shide the box to the left through the side frame to
the extent of the cableform, taking care not to strain the
leads unduly. Sce Figure 3-3.

¢.  Thecover of the box may now be removed.

5-19. To remove the printed wiring board, first release
the retaining nuts on the Vinkor inductors TI-T9
(Amplifier and Oscillator Boards only). Disconnect the
leads from the board. Remove the nuts holding the board
in place. The board spacers are captive and will remain
m position.

S-20. FAULT LOCATION.

3221, The procedure to be adopted in fault-finding will
vary according to the indications obtained. Possible
faults are listed in Table 5-2. Wiring information is

5-3
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Figure 54 Wiring Diagram of Model 5090A
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Model 5090A

given in Figure 5-4. Typical voltages and waveforms
throughout the instrument are given in Table 5-9 facing
the circuit diagram, Figure 5-10. The relevant monitor
points throughout the circuit should be checked using an
AC Voltmeter or Oscilloscope as appropriate.

5-22. PRELIMINARY TESTS.
a. Ensure that the mains input is correct.

b. Check the -35V supply. If necessary adjust VR3
(see Figure 5-2).

c.  Using an oscilloscope, check that the ripple
voltage of the —35V line, at twice the supply frequency,
does not exceed 10mv peak-to-peak.

d. Check the -24V supply. There is no adjustment,
but the voltage should be between -23V and -25V.

e. Check that the 200-kc signal input level is at
least 10uV.

f.  Locate fault as described in Table 5-2.
5-23. REPAIR.

5-24. The printed wiring boards and their component
layout are illustrated in Figures 5-6 through 5-8. A
defective board must be removed from the instrument
before repair. Recommended methods of repair are
described in Paragraph 5-26. Refer to Paragraphs 5-15
through 5-19 for disassembly procedures.

5-25. On completion of repairs carry out a performance
check of the complete instrument. Re-adjustment of
preset controls will not usually be required after repair
unless these parts of the circuit have themselves been at
fault, or unless the performance check indicates that re-
adjustment is necessary.

5-26. PRINTED CIRCUIT COMPONENT
REPLACEMENT.

$-27. The component lead holes in the printed circuit
boards have plated walls to ensure good electrical contact
between the conductors on opposite sides of the board.
To prevent damage to this plating and to the replacement
components, apply heat sparingly and work carefully.
The following replacement procedure is recommended:

a. Remove the defective components.

b.  Melt the solder in component lead holes. Use
clean dry soldering iron to remove excess solder. Clean
noies with toothpick or wooden splinter. Do not use
rrlletgl tool for cleaning as this may damage through-hole

<. DBend lcads of ieplacement component to the
cerrect shape and insert component leads into compcenent
iead noies. Use neat and solder sparingly; soider ieads in
piace. Heat may be appiied to either side of the board.
A heat cink (longnose pliers, commercial heat-sink
tweezers, etc.) should be used when replacing transistors
and diodes in order to prevent conduction of excessive
heat from the soldering iron to the component.

d. Through-hole plating breaks are indicated by the
separation from the boards of the round conductor pads
on cither side of" the board. To repair breaks, press
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Section V
Paragraphs 5-22 to 5-31

conductor pads against board and solder replacement
component leads to conductor pads on both sides of
the board.

5-28. ALIGNMENT.

5-29. The Receiver will remain in alignment over a
fairly long period, consequently all other possible
causes of malfunctioning should be eliminated before
re-alignment is considered.

5-30. The Mullard Vinkor trimming tool must be used
for all Vinkor adjustments (sece Figure 5-5). A long
trimming tool will be required for adjusting T1, T2 and T3.
Taking carc not to over-turn, set the tuning slug to the
first maximum from the bottom, fully-clockwise,
position. Every effort should be made to complete the
adjustments in the least number of steps.

5-31. HARMONIC GENERATOR.
a. Connect the AC Volumeter to the secondary of
T6 (Monitor Point 12). Tune T6 Tor maximum 200-kc

T3 T2 m

E T T OWERNINGTTT

* ETRANSFORMERS T1-T8 SHOULD NOT]
* | ADJUSTED WiTHOUT 'REFERENCE T¢

S SECTION V- OF THE HANDBOOK. ¥
e T v S

%

P o

Ayt 2k L EOEEE

—— T —

TR AT

Figure 5-5 Transformer Adjustments
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Paragraphs 5-32 to 5-33

output. If there is no 200-kc output tune VCI slowly
to start the oscillator.

b. Connect the AC Voltmeter to the secondary of
T7 (Monitor Point 16). Tune T7 for maximum 100-kc
output.

c.  Connect the AC Voltmeter to the secondary of T8
(Monitor Point 13). Tune T8 for maximum 1-Mc output.

d. Connect the AC Voltmeter to the 1-MC output
connector (J5 or J8). Tune T9 for maximum 1-Mc output.

e. Connect the Oscilloscope to the 1-MC output
connector J5 or J8. Check with at least 10 cycles visible
on the screen that there is no 100-kc phase-modulation.

5-32. 200-KC AMPLIFIER.

a. Connect the aerial to J1 on the Receiver. Verify that a
strong( > 10uv) 200-kc Droitwich carrieris present at the

Model 5090A

input. During alignment adjust the input attenuator VR
on the rear panel as necessary to prevent overloading.

b.  Connect the Oscilloscope probe to the secondary
of T5 (Monitor Point 5). Tune TS for maximum 200-kc
output.

c.  Connect the Oscilloscope probe to the secondary
of T4 (Monitor Point 4).

Tune T4 for maximum 200-kc output.

Tune T3 |, » » »
Tune T2 i) " " L)
Tunc Tl ” " " "

d. Repeat all adjustment for maximum 200-kc
output.

5-33. Disconnect all test gear.

*¥0LLOW WITH ' ADsUsT VRG %o mAax Table 5-2 Fault Location

IM¢ outPuT

FAULT INDICATION

FAULT LOCATION
TEST PROCEDURE

PROBABLE LOCATION
OF FAULT

No 100-kc output

Set meter function switch to FREE
RUN.

Check that 1-Mc output is available
(J5 or JB).

Check that instrument locks satisfac-
torily.

Fault lies in either T6 or emitter-
follower stage Q28.

No 1-Mc output

Set meter function switch to FREE
RUN.

Check that 100-kc output is available
(J6 or J9).

Check that instrument locks satisfac-
torily.

Fault lies in 1-Mc output stages. Check
waveforms at: secondary of T8 (Moni-
tor Point 13); junction of CR14-CR15-
C52, (Monitor Point 14); collector of
Q26: base of Q27, (Monitor Point 15);
Jjunction R84-C56.

No 100-kc or 1-Mc out-
puts. Instrument makes
no attempt to lock.

Set meter function switch to FREE
RUN.

Oscillator probably not functioning.
Adjust VCI and look at 100-kc
output (J6 or J9). When oscillator
starts, connect aerial and adjust signal
level to 30. Set meter function switch
to LOOP VOLTS and adjust VCI1 very
slowly until meter reads 30.

1-Mc and 100-kc outputs
in FREE RUN Tode but
not in FAIL SAFE mode.

Set meter function switch to SIGNAL
LEVEL.

Connect aerial and adjust SET LEVEL
for a reading of 30.

Observe 100-kc or 1-Mc outputs at the
BNC sockets i3 .S ouunz

Oscilloscope or AC Voltmeter.

i ome= bm S cpors
cF Ca s

If still no output, adjust VRS. If output
appears, adjust VR8 and SET LEVEL
controls so that gate is fully open at
signal levels of 25 and closed at 10. If
still no outputs for very high signal

masle I

- in thz pate
aovmay SETAER da 20 RaS EALE.

No signai ievel, bui out-
puts present in the FAIL
SAFE mode.

Remove aeriai to check gate 1s func-
tioning. Replace aerial and observe that
output appears.

Fanlt indicates instrument is locking
saticfactorily and can be checked by
observing waveform at collector QIS
(Monitor Point Y).

Fault lies in circuit Q22 or Q23.

Instrument does not
attempt to lock, but out-
put present in the FREE
RUN mede.

Connect aerial with at least 10p.V signal
to the receiver.

Check that amplifier is operating
correctly by observing wavcform at
output of amplifier (Monitor Point 3).
Check inputs to Q15 (Monitor Point 8).

If both inputs are being applied to Q15
then fault is in stage Q15 or control
loop. Check dc amplifier by switching
to LOOP VOLTS. Meter reading
should be 25 to 35.
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Section V
Figure 5-6
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Section V
Figure 5-7
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Model 5090A
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0 - Figure 5-8
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100-k¢ Oscillator and Control Loop

Assembly Circuit Diagram A3
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Figure 5-9
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Model 5090A

Section V
Figure 5-10
'%'A \5‘ er Y “ ,\B’Mm i " ".in PHASE DETECTOR smuv.‘ un,-—t DC. AMPLIFIER "
iy ‘ -38V — TE —
o -
w TR T N LIT 1 —
P ! B0 cso cer a0d
Sy | 3 %3 ) T 6vF ] “ , R
b ! ! METER . 3 u
| ) ! s-ev 5 (35 4 Fnction| - — — — — —- I ——————
ol ] s E | L 00% Swiick 289, 9 E ) LOOP L SYNg ext.
VR RE |c20 P R71 S SR72 s 2 VOLTS L 10 ANDARD
' } e | S (B £1% £ BT : it
= £ 20 222
J)s.ev w&‘): R32
CE A 1| -2ay 7002
oo 3K 0606 JoS T 1)
cse
NOTES cRe 3y 'vFI PR -
- b s R7S
ERENCE DESIGNATIONS WITHIN THIS 1902-1601 RS4 - ] T : "
EMBLY ARE ABBREVIATEC; ADD Re? | oso- I "o ~ AAA—O——
EMBLY DESIGNATION AS PREFIX TO 0601 ' o b c4 R77 o8
<M COMPLETE DESIGNATION. —l-_—-h | NS4 " 102 10K 1850-
JNLESS OTHERWISE INDICATED: cn ,T"m ne ¥Fl
RESISTANCE IN OHMS 01y N 3 c4s
ACITANCE IN PICOFARADS ::" T i:acc ) ’D‘Sg c
FACTORY SELECTED q8K 014 VA~
C4L3AND C53 CONSIST OF 06 TN
+ Two CAPACITORS IN ) I
PARALLEL Im
00 NOT ATTEMPT TO VvV
REPL THE EXt ST
CAPACITORS WITHOUT P S iNPUT | moc
REFERENCE TO & ”» Sa outPUT
SECTION Y PARA 5~4 FAIL 0 S 33K ~
SAFE Qrper 1 +
RUN EXLSTD o0
ggg INPUT F W
_ n —o-
T 3% o o — (: aig >
" . -
o .,E_]Cf i )5 wsa | o
b n eyt E =
AERIAL e i I - S » T
"N 3 .- T 0IF Reg o 5! F r‘u o
: 180K 4 R2.S
Mol L 3 T893
K | cg RS S RE S c? 4 SR8 1
o /KD 0K 3 ’[m,r 4 32
vF s
5 J70C
CONTROL  LOOP
- | S — -hc AMPUFIER
- 2007he AMPUFIE \—PHASE DET— & \—D.C. AMPLIFIER — J carwe e 'y E
CURRENT :Eznzz: ”0(
¢ |
B |
SR30 28
{ | > 10K K
R82 S R83 < R86 S  <SRES
$nss & 3 3 i: ING  $sek T x é}
Q22K
INTERNAL STANDARD COMPARATOR -
Sy 1 €37
0pF  SRE2
1 256
Srse = ( X a2
210K K 50
4V N
$RSS 1851
Al l\) S = <
_E"" 0 1L , e css N
OT &% ¢ | 6 pF 100KC
— SR8Y
; W ca A f,/ »
F
————— “D— - ] d k
™ I ey
1] 1901- + o }v' s
I < | oo SRE3 < SRE? Cce3 1 Me s O— Ve
l: 10K 3 | Q12K ;:2;‘ $22x :’FOUOT 2.: ] ! —0 ?":,
! : R . _I. s Loy 3 y | XA (o
_____ ~ TR T e i )
t e o ][5 Teow
<

\ - - — 1-Mc EMITTER —/ \— 00-ke¢ EMITTER —
OSCULATOR —— \———— HARMONIC GENERATOR —— 1-Mc AMPLIFIER FOLLOWER FCLLOWER

Copyright 1965 by HEWLETT-PACKARD Co.

Figure 5-10 Circuit Diagram of 5090A

02177-1 513



Model 5090A

Section VI
Paragraphs 6-1 to 6-6

SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION.

6-2. This section contains information for ordering
replacement parts. Table 6-1 lists parts in alpha-numerical
order of their reference designators and indicates the
description and ® part number together with any
applicable notes. Table 6-2 lists parts in alpha-numerical
order of their ® part numbers and provides the
following information on each part:

a. Description of the part (see list of abbreviations
below).

b. Typical manufacturer of the part in a five-digit
code; see list of manufacturers in Table 6-3

c.  Manufacturer’s part number.

d. Total quantity used in the instrument (TQ
column).

6-3 ORDERING INFORMATION.

6-4. To order replacement parts, address order or
inquiry to your local Hewlett-Packard Field Office (see
addresses at the rear of this manual).

6-5. Specify the following information for each part:
Model and complete serial number of instrument.
Hewlett-Packard part number.

Circuit reference designator.

Description.

o ow

6-6. To order a part not listed Tn the tables, give a
complete description of the part and include its function
and location.

REFERENCE DESIGNATORS

A = assembly E = misc electronic part MP = mechanical part T8 = terminal board
B = motor F = fuse P = plug TP = test point
C = capacitor FL = filter Q = transistor \% = vacuum tube, neon
CpP = coupling J = jack R = resistor bulb, photocell, etc.
CR = e K = relay RT = thermistor w = cable
DL = delay line L = inductor S = switch X = socket
Ds = device signaling (lamp) M = meter T = transformer Y = crystal
ABBREVIATIONS
A = amperes GE = germanium N/C = normally closed RMO = rack mount only
A.F.C. = automatic frequency control GL = glass NE = neon RMS = root-mean-square
AMPL = amplifier GRD = ground(ed) NI PL = nickel plate
N/O = normally open S-B = slow-blow
F. O. = beat frequency oscillator H = henries NPO = negative positive zero SCR = screw
BE CU = beryllium copper HEX = hexagonal (zero temperature SE = selenium
BH = binder head HG = mercury coefficient) SECT = section(s)
BP = bandpass HR = hour(s) NRFR = not recommended for SEMICON ... semiconductor
BRS = brass . field replacement SI = silicon
BWO = backward wave oscillator IF = intermediate freq NSR = not separately SIL = silver
IMPG = impregnated replaceable SL = slide
= counter-clockwise INCD = incandescent SPL = special
CER = ceramic INCL = include(s) OBD = order by description SST = stainless steel
CMO = cabinet mount only INS = insulation(ed) OH = oval head SR = split ring
COEF = common coefficient INT = internal oXx = oxide STL = steel
COM = common
COMP = composition K = kilo = 1000 P = peak TA = tantalum
CONN = connector PC = printed circuit TD = time delay
(o 4 = cadmium plate LIN = linear taper PF = picofarads 10-12 TGL = toggle
CRT = cathode-ray tube LK WASH = lock washer arads TI = titanium
Ccw = clockwise G = logarithmic taper PHBRZ = ghosphor bronze TOL = tolerance
LPF = low pass filter PHL = Phillips TRIM = trimmer
DEPC = deposited carbon PIV = peak inverse voltage TWT = travelling wave tube
DR = drive M = milli 10-3 P/O = part of -6
MEG = meg = 108 POLY = polystryrene U = micro = 10
ELECT = electrolytic METFLM = metal film PORC = porcelain
ENCAP = encapsulated MFR = manufacturer POS = position(s) VAR = variable
EXT = external MINAT = miniature POT = potentiometer VDCW = dc working volts
MOM = momentary PP = peak-to-peak .
F = farads MTG = mounting PT = point w/ = with
FH = flat head MY = “mylar” RECT = rectifier w = watts
FILH = fillister head RF = radio frequency WW = wirewound
FXD = fixed N = nano (10-9) RH = round head W/O = without

02177-1
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Section VI Model 5090A
Table 6-1
Table 6~1 Reference Designation Index
Reference
Designation ® Part No. Description* Note
Al 05090-601 Amplifier Assembly
05090-201 Board, Blank printed circuit
AlCI 0150-0121 C: fxd. cer. 0.1 uf +809%—20% 50 vdcw
AlC2 0150-0121 C: fxd. cer. 0.1 pf +80%—20% 50 vdcw
AlIC3 0150-0121 C: fxd. cer. 0.1 pf +80%—20% 50 vdcw
AlC4 0160-0603 C: fxd. polystyrene 4700 pf 419 100 vdc
AICS 0150-0121 C: fxd. cer. 0.1 pf 4+809%—20% 50 vdcw
AlIC6 0160-0603 C: fxd. polystyrene 4700 pf +1% 100 vdc
A1C7 Thru
AlCIO 0150-0121 C: fxd. cer. 0.1 uf. +80%—20% 50 vdcw
AICI11 0160-0603 C: fxd. polystyrene 4700 pf 419 100 vdc
AlL3 9140-0601 Choke
A1Q! Thru
Al1Q4 1850-0601 Transistor 2G403S
AlRI 0758-0018 R: fxd. met. fim. 15K ohm 5% $W
AlR2 0758-0018 R: fxd. met. fim. 15K ohm 5% W
AI1R3 Thru
AIRS 0758-0049 R: fxd. met. fim. 33K ohm 5% }W
AIR6 0758-0006 R: fxd. met. fim. 10K ohm 5% W
AIR7 0758-0009 R: fxd. met. fim. 6.8K ohm 5% }W
AIRS 0758-0049 R: fxd. met. fim. 33K ohm 5% W
AIR9 0758-0018 R: fxd. met. fim. 15K ohm 5% W
AIRIO Not assigned
AlIRII 0758-0003 R: fxd. met. fim. 1000 ohms 5% W
AI1R33 0758-0049 R: fxd. met. im. 33K ohm 5% W
AlR34 0758-0049 R: fxd. met. fim. 33K ohm 5% W
A2 05090602 Power Supply Assembly
05090-202 Board, blank printed circuit
A2C13 01600602 C: fxd. polystyrene 0.1 pf +10% 200 vdcw
A2Cl14 0180-0047 C: fxd. elect. 500 pf 75vdcw
A2CIS Thru
A2C17 0150-0121 C: fxd. cer. 0.1 pf +80%—20% 50 vdcw
A2CI8 0180-0606 C: fxd. elect. 100 pf —20%+100% 25 vdcw
A2C20 0180-0151 C: fxd. elect. 47 uf 35V
A2C20 0180-0151 C: fxd. elect. 47 pf 35V
A2CRI1 1901-0026 Diode-silicon
A2CR2 1901-0026 Diode-silicon
A2CR3 1902-0610 Diode-zener 6.8V
A2CR4 1902-0601 Diode-zener 3.3V 250 MW
A2CRS 1902-0031 Diode-breakdown 12.7V 5% 400 MW
A2CR6 1902-0031 Diode-breakdown 12.7V 5% 400 MW
A2CR7 1019-0016 Diode-germanium
A2CRS8 1910-0016 Diode-germanium
A2Q5 18500607 Transistor-OC29
A2Q6 Thru
A2Q8 1850-0603 Transistor-2S703
A2Q9 1850-0606 Transistor-2S302
A2Ql10 1850-0604 Transistor-2N743
A2Q11 1850-0602 Transistor-2N1308
A2Ql12 1850-0062 Transistor-germanium PNP
* See list of abbreviations in introduction to this section 02177-1
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Model 5090A Section VI
. . Table 6-1
Table 6-1 Reference Designation Index (cont’d)
Reference
Designation ® Part No. Description® Note
A2R12 0758-0003 R: fxd. met. fim. 1000 ohms 5% W
A2RI3 0758-0006 R: fxd. met. fim. 10K ohm 5% ¢W
A2R14 0758-0009 R: fxd. met. fim. 6.8K ohm 5% W
A2RIS5 0758-0057 R: fxd. met. fim. 5600 ohms 5% W
A2R16 0758-0003 R: fxd. met. fim. 1000 ohms 5% ¢W
A2R17 0761-0021 R: fxd. met. fim. 1000 ohms 5% 1W
A2R18 0761-0005 R: fxd. met. fim. 2200 ohms 5% IW
A2R19 0758-0001 R: fxd. met. fim. 3.3K ohm 1% }W
A2R20 0758-0029 R: fxd. met. fim. 270 ohm 5% }W
A2R21 0758-0029 R: fxd. met. fim. 470 ohm 5%, }W
A2R22 Not assigned
A2R23 0758-0003 R: fxd. met. fim. 1000 ohms 5% W
A2R24 0758-0003 R: fxd. met. fim. 1000 ohms 5%, W
A2R25 0758-0020 R: fxd. met. fim. 22K ohm 5% W
A2R26 0758-0029 R: fxd. met. fim. 470 ohms 5% W
A2R27 0758-0006 R: fxd. met. fim. 10K ohm 5% W
A2R28 0757-0079 R: fxd. met. fim. 2700 ohms 2% }W
A2R29 0757-0601 R: fxd. met. im. 56K ohm 2%, {W
A2R30 0757-0603 R: fxd. met. fim. 10K ohm 2%
A2VR3 21000605 R: var. WW 1K ohm
A2VRS 2100-0607 R: var. WW 100 ohm
A3 05090-603 Oscillator Assembly
05090-203 Board, Blank printed circuit
A3C31 0150-0121 C: fxd. cer. 0.1 pf +80%—20% SO vdcw
A3C32 0150-0121 C: fxd. cer. 0.1 uf +80%—20% 50 vdcw
A3C33 01500121 C: fxd. cer. 0.1 pf +80%—20% 50 vdcw
A3C35 0180-0606 C: fxd. elect. 100 pf —20%+100% 25 vdcw
A3C36 Thru
A3C39 0150-0121 C: fxd. cer. 0.1 pf +80%—20% 50 vdcw
A3C40 0140-0149 C: fxd. mica 470 pf 5% 300 vdcw
A3C41 0150-0121 C: fxd. cer. 0.1 pf +80%—20% SO vdcw
A3C42 0140-0156 C: fxd. mica 1500 pf 2% 300 vdcw
A3C46 0140-0149 C: fxd. mica 470 pf 5% 30 vdcw
A3C48 0180-0607 C: fxd. elect. 100 uf —20%+100% 10 vdcw
A3C49 0180-0607 C: fxd. elect. 100 pf —20%+100% 10 vdcw
A3C50 Thru
A3CS2 0150-0121 C: fxd. cer. 0.1 pf +80%—20% 50 vdcw
A3C54 Thru
A3C58 0150-0121 C: fxd. cer. 0.1 uf +80%—20% 50 vdcw
A3C60 0180-0605 C: fxd. elect. 20 pf —20%+100% SO vdcw
A3C61 0180-0603 C: fxd. elect. 8 puf —20%+50% 12 vdcw
A3CRI1 1901-0602 Diode-varicap
A3CI12 1901-0602 Diode-varicap
A3CRI13 1910-0011 Diode-germanium 60PIV SMA
A3Cl4 1901-0096 Diode-silicon
A3CRI15 1901-0096 Diode-silicon
A3Ll 9140-0052 Coil-fxd. RF 3.3 MH
A3L2 9140-0053 Coil-fxd. RF 1 MH
A3QI3 1850-0601 Transistor-2G403S
A3Ql4 1850-0601 Transistor-2G403S
A3Ql5 1850-0603 Transistor-2S703
A3Ql6 18500606 Transistor-2S302
A3Ql17 1850-0603 Transistor-2S703
* See list of abbreviations in introduction to this section
02177-1 6-3



Section VI Model 5090A
Table 6-1
Table 6-1 Reference Designation Index (cont’d)
Reference
Designation @ Part No. Description* Note
A3QI8 1851-0006 Transistor-germanium NPN 2N169A
A3QI19 1850-0601 Transistor-2G403S
A3Q20 1850-0062 Transistor-germanium PNP
A3Q21 1850-0062 Transistor-germanium PNP
A3Q22 1850-0062 Transistor-germanium PNP
A3Q23 18500601 Transistor-2G403
A3Q24 1850-0604 Transistor-2N743
A3Q25 1850-0601 Transistor-2G403
A3Q26 1850-0601 Transistor-2G403
A3Q27 18500062 Transistor-germanium PNP
A3Q28 1850-0062 Transistor-germanium PNP
A3R41 0758-0009 R: fxd. met. fim. 6.8K ohm 5% 4W
A3R42 0758-0001 R: fxd. met. fim. 3.3K ohms 1% W
A3R43 0758-0017 R: fxd. met. fim. 1.5K ohm 5%, W
A3R44 0758-0029 R: fxd. met. im. 470 ohms 5% W
A3R45 0758-0007 R: fxd. met. fim. 150 ohms 5% W
A3R46 0758-0007 R: fxd. met. fim. 150 ohms 5% W
A3R47 0758-0044 R: fxd. met. fim. 2.2K ohms 5%, W
A3R48 0758-0005 R: fxd. met. fim. 4.7K ohms 5%, W
A3R49 0758-0006 R: fxd. met. fim. 10K ohms 5% W
A3RS0 0758-0061 R: fxd. met. fim. 120K ohms 5% W
A3RS1 0758-0104 R: fxd. met. fim. 180K ohms 5%, 3W
A3RS52 0761-0108 R: fxd. met. im. 1M ohm 5% W
A3RS53 0758-0006 R: fxd. met. fim. 10K ohms 5%, 1W
A3R54 0761-0108 R: fxd. met. im. IM ohmn 5% IW
A3R55 07610108 R: fxd. met. fim. IM ohm 5% IW
A3R56 0761-0108 R: fxd. met. fim. IM ohm 5% 1W
A3RS57 0758-0074 R: fxd. met. ox. 27K ohms 5% W
A3R58 0758-0006 R: fxd. met. fim. 10K ohms 5% W
A3R59 0758-0020 R: fxd. met. fim. 22K ohms 5% W
A3R60 0758-0076 R: fxd. met. fim. 68K ohms 5% W
A3R6I 0758-0006 R: fxd. met. fim. 10K ohms 5% W
A3R62 0758-0603 R: fxd. met. fim. 56K ohms 5%, W
A3R63 0758-0070 R: fxd. met. ox. 1200 ohms 5% W
A3R64 0758-0057 R: fxd. fim. 5600 ohms 5% W
A3R65 0758-0057 R: fxd. met. fim. 5600 ohms 5%, }W
A3R66 0758-0601 R: fxd. met. fim. 47 ohms 5% W
A3R67 0758-0044 R: fxd. met. fim. 2200 ohms 59, W
A3R68 0686-1825 R: fxd. comp. 1.8K ohms 5% 4W (nominal value)
A3R69 0758-0044 R: fxd. met. fim. 2200 ohms 5% W
A3R70 0758-0006 R: fxd. met. fim. 10K ohms 5%, $W
A3R7I1 0758-0045 R: fxd. met. fim. 3900 ohms 5% W
A3RT72 0758-0045 R: fxd. met. fim. 3900 ohms 5, W
A3R73 0758-0044 R: fxd. met. fim. 2200 ohms 5% W
A3R74 0758-0005 R: fxd. met. fim. 4.7K ohms 5%, W
A3R75 0758-0006 R: fxd. met. fim. 10K ohms 5%, 4W
A3R76 0758-0020 R: fxd. met. fim. 22K ohms 5% W
A3RT77 0758-0006 R: fxd. met. im. 10K ohms 5% i{W
A3R78 0758-0049 R: fxd. met. ox. 33K ohms 5%, iW
A3R79 0758-0001 R: fxd. met. im. 3.3K ohms 1%, W
A3R80 0758-0009 R: fxd. met. fim. 6.8K ohms 57, W
A3RS81 0758-0003 R: fxd. met. fim. 1000 ohms 5%, W
A3R82 0758-0057 R: fxd. met. fim. 5600 ohms 5}, W
A3R83 0758-0001 R: fxd. met. im. 3.3K ohms 1% W
A3R84 0758-0031 R: fxd. met. fim. 680 ohms 5%, {W
A3RS8S 0758-0057 R: fxd. met. fim. 5600 ohms 5% W
* See list of abbreviations in introduction to this section
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Model 5090A Section VI
. Table 6-1
Table 6-1 Reference Designation Index (cont’d)
Reference
Designation ® Part No. Description® Note
A3R86 0758-0001 R: fxd. met. fim. 3.3K ohms 1% }W
A3R87 0758-0031 R: fxd. met. fim. 680 ohms 5% W
A3R88 0758-0104 R: fxd. met. fim. 180K ohms 5% W
A3R89 0758-0606 R: fxd. met. ox. 22 ohms 5% {W
A3R9%0 0686-2225 R: fxd. comp. 2.2K ohms 5% #W (nominal value)
A3TI1 5212A-9A Transformer Oscillator
A3VRS 2100-0603 R: var. WW 20K ohms
A3VRé6 2100-0602 R: var. WW 10K ohms
A3VR7 2100-0606 R: var. WW 3.5K ohms
Ci2 01600127 C: fxd. cer. 1 pf 20% 25 vdew
C19 0150-0121 C: fxd. cer. 0.1 pf +80%—20% 60 vdcw
C34 Part of T4 Assy.
C43 Part of T8 Assy.
C4 Part of T7 Assy.
C45 Part of T6 Assy.
C47 Part of T5 Assy.
C53 Part of T9 Assy.
C59 0160-0127 C: fxd. cer. 1 pf 20% 25 vdcw
CR16 1901-0025 Diode-silicon
DS1 1450-0048 Light-Red Indicator
Fl 2110-0017 Fuse Cartridge 0.15 amp. 125 volt
J1 1250-0001 Connector, RF Bulkhead Jack type BNC
J2 1251-0148 Connector, Male 3 pin
J3 thru
J6 1250-0001 Connector, RF Bulkhead Jack Type BNC
J7 0340-0089 Insulator, Bind Post 1 hole
0340-0090 Insulator, Bind Post 2 hole with Pin
5060-0634 Binding Post Assy. Red " stud.
5060-0635 Binding Post Assy. Black " stud.
J8 thru
J10 1250-0001 Connector RF Bulkhead Jack Type BNC
J11 0340-0089 Insulator Bind Post 1 hole
0340-0090 Insulator Bind Post 2 hole with Pin
5060-0634 Binding Post Assy. Red " stud
5060-0635 Binding Post Assy. Black " stud.
Mi 1120-0610 Meter
R31 0758-0049 R: fxd. met. fim. 33K ohms 5% W
R32 0758-0024 R: fxd. met. fim. 100 ohms 5% W
S1 3100-0610 Switch-mains DPST
S2 3101-0033 Switch-slide DPDT
S3 3100-0601 Switch-rotary 3 way 3 pole
S4 2100-0346 Switch-Part of VR4
Tl 05090-0604 Transformer
T2 05090-0605 Transformer
T3 05090-0606 Transformer
* See list of abbreviations in introduction to this section
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Section VI Model 5090A
Table 6-1
Table 6~-1 Reference Designation Index (cont’d)
Reference
Designation ® Part No. Description* Note
T4 05090-0607 Transformer
TS 05090-0610 Transformer
T6 05090-0607 Transformer
T7 05090-0609 Transformer
T8 05090-0608 Transformer
T9 05090-0608 Transformer
TI0 9100-0601 Transformer-Mains
VCl 0130-0001 C: var. cer. 7-45 pf
VRI 2100-0601 R: var. WW 1K ohm
VR2 2100-0604 R: var. WW 10K ohm
VR4 21000346 R: var. WW 12K ohm +20% IW
XY1 1200-0028 Socket 2 pin crystal
Yl 0410-0021 Crystal quartz 0.005%
MISCELLANEOUS
0340-0038 Post terminal
0340-0038 Insulator bushing
0360-0124 Terminal pin
0370-0113 Knob §” dia. Blk. }" shaft concentric
0370-0114 Knob §” Dia. Red. }" shaft with arrow
1400-0084 Fuseholder Post type 2 5/64" 1g.
1410-0052 Bushing 0.43" 1g. x 0.261" ID
1490-0031 Stand Cabinet Tilt 4-7/16" wide.
1520-0001 Plate capacitor mtg. 1-17/32 x 23/16 in.
5000-0703 Cover side 6 x 11 in. cabinet
5000-0703 Cover side 6 x 11 in. cabinet
50000711 Cover bottom 5 x 11 in. cabinet
5020-0700 Spacer 4-9/16 in. lg.
5020-0700 Spacer 4-9/16 in. 1g.
5020-0700 Spacer 4-9/16 in. Ig.
5060-0703 Frame assy. side 6 x 11 in. cabinet
5060-0703 Frame assy. side 6 x 11 in. cabinet
50600709 Cover top 5 X 11 in. cabinet
50600727 Foot cabinet 4-3/8 in. lg.
50600727 Foot cabinet 4-3/8 in. Ig.
8120-0078 Cable power 7} ft.
05090-001 Back panel
05090-002 Front panel
05090003 Bracket
05090-003 Bracket
05090-004 Bracket
05090-005 Bracket
05090-204 Box-small
05090-205 Box-large
05090-206 Lid-large
05090-207 Lid-small
10502-6001 Cable (AC-16E)
* See list of abbreviations in introduction to this section
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Model 5090A Section VI
Table 6—2
Table 6—2 Replaceable Parts
@ Part No. Description MIT. Mfr. Part No. TQ.
0130-0001 C: var. 7—45 pf cer. N500 500 vdcw 72982 50300D2PO 1
0140-0099 C: fxd. 1000 pf +19% 500 vdcw 28480 0140-0099 1
0140-0149 C: fxd. mica 470 pf 5% 300 vdcw 04062 DMI5F471) 2
0140-0156 C: fxd. mica 1500 pf 2% 300 vdcw 04062 DMI9F152G 1
0150-0121 C: fxd. cer. 0.1 uf +80%—20% 50 vdew 56289 SC50A 14
0160-0127 C: fxd. cer. | uf 20% 25 vdew 56289 5CI13 2
0160-0602 C: fxd. polystyrene 0.1 uf +10% 200 vdcw 28480 01600602 1
0160-0603 C: fxd. polystyrene 4700 pf +19 100 vdew 28480 0160-0603 3
0160-0604 C: fxd. polystyrene 680 pf +1% 125 vdcw 28480 0160-0604 1
0160-0606 C: fxd. polystyrene 4700 pf +19% 125 vdcw 284380 0160-0606 1
01800047 C: fxd. elect. 500 pf 75 vdew 56289 D32443 1
0180-0051 C: fxd. elect. 47 uf 35 vdew 28480 0180-0051 1
0180-0603 C: fxd. elect. 8 uf —20% +50% 12 vdcw 28480 0180-0603 1
0180-0605 C: fxd. elect. 20 pf —20%-+100% 50 vdcw 28480 0180-0605 1
0180-0606 C: fxd. elect. 100 uf —20% +100% 25 vdcw 28480 0180-0606 1
0180-0607 C: fxd. elect. 100 puf —209;+100% 10 vdcw 28480 0180-0607 2
0340-0038 Post terminal 28480 0340-0038 16
0340-0039 Insulator bushing 28480 03400039 16
0340-0089 Insulator bind post 1 hole 28480 0340-0089 4
0340-0090 Insulator bind post 2 hole with pin 28480 0340-0090 2
0360-0124 Terminal pin 28480 0360-0124 1
0370-0113 Knob §” dis. Blk. }” shaft concentric 28480 0370-0113 1
0370-0114 Knob §" dia. Red }” shaft with arrow 28480 0370-0114 1
0410-0021 Crystal quartz IOOKC 0.005% 00815 NEI3N 1
0686-1825 R: fxd. comp. 1.8K ohms 5% $W (nominal value)H 28480 0686-1825 1
0686-2225 R: fxd. comp. 2.2K ohms 5% W (nominal value)|01121 EB2225 1
0757-0079 R: fxd. met. fim. 2700 ohms 2% W 28480 0757-0079 1
0757-0601 R: fxd. met. fim. 56K ohms 29, iW 28480 0757-0601 1
0757-0603 R: fxd. met. fim. 10K ohms 29, W 28480 0757-0603 1
0758-0001 R: fxd. met. fim. 3.3K ohms 1% W 28480 0758-0001 5
0758-0003 R: fxd. met. fim. 1000 ohms 5% W 28480 0758-0003 6
0758-0005 R: fxd. met. fim. 4.7K ohms 5% W 28480 0758-0005 2
0758-0006 R: fxd. met. fim. 10K ohms 5% W 28480 0758-0006 10
0758-0007 R: fxd. met. fim. 150 ohms 5% W 28480 0758-0007 2
0758-0009 R: fxd. met. fim. 6.8K ohms 5% W 28480 0758-0009 4
0758-0017 R: fxd. met. fim. 1.5K ohms 5/o W 28480 0758-0017 1
0758-0018 R: fxd. met. fim. 15K ohms 5% W 28480 0758-0018 3
0758-0020 R: fxd. met. fim. 22K ohms SA, W 28480 0758-0020 3
0758-0024 R: fxd. met. flm. 100 ohms 5% }W 28480 0758-0024 1
0758-0029 R: fxd. met. fim. 270 ohms 5% iW 28480 0758-0029 4
0758-0031 R: fxd. met. fim. 680 ohms 5% }W 28480 0758-0031 2
0758-0044 R: fxd. met. fim. 2.2K ohms 5% W 28480 0758-0044 4
0758-0045 R: fxd. met. fim. 3900 ohms 5% W 28480 0758-0045 2
0758-0049 R: fxd. met. ox. 33K ohms 5% W 28480 0758-0049 6
0758-0057 R: fxd. met. fim. 5600 ohms 5% W 28480 0758-0057 5
0758-0061 R: fxd. met. fim. 120K ohms 5% W 28480 0758-0061 1
0758-0070 R: fxd. met. ox. 1200 ohms 5%, #W 28480 0758-0070 1
0758-0074 R: fxd. met. ox. 27K ohms 5% W 28480 0758-0074 1
0758-0076 R: fxd. met. fim. 68K ohms 5%, $W 28480 0758-0076 1
0758-0104 R: fxd. met. fim. 180K ohms 5% iW 28480 0758-0104 2
0758-0601 R: fxd. met. fim. 47 ohms 5% W 28480 0758-0601 1
0758-0603 R: fxd. met. im. 56K ohms 5% W 28480 0758-0603 1
0758-0606 R: fxd. met. ox. 22 ohms 5% }W 28480 0758-0606 1
0761-0005 R: fxd. met. fim. 2200 ohms 5% IW 28480 0761-0005 1
0761-0021 R: fxd. met. im. 1000 ohms 5% IW 28480 07610021 1
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Section VI Model 5090A
Table 6—2
Table 6—2 Replaceable Parts (Cont'd)
@® Part No. Description Mfr. Mfr. Part No. T.Q.
0761-0108 R: fxd. met. fim. IM ohm 5% IW 28480 0761-0108 4
1120-0610 Meter 28480 11200610 1
1200-0028 Socket 2 pin crystal 91662 430BC 1
12500001 Connector RF Bulkhead Jack type BNC 91737 5126 9
1251-0148 Connector, Male 3-pin 18480 1251-0148 1
14000084 Fuseholder post type 2 5/64" Ig. 75915 342014 1
1410-0052 Bushing 0.438" 1g. x 0.261" ID 28480 1410-0052 1
1450-0048 Light red indicator 28480 14500048 1
1490-0031 Stand cabinet tilt 4-7/16" wide 28480 1490-0031 1
1520-0001 Plate capacitor mtg. 1-17/32" x 23/16" 28480 1520-0001 1
1850-0062 Transistor-germanium PNP 28480 1850-0062 6
1850-0601 Transistor-2G403 28480 1850-0601 6
1850-0602 Transistor-2N1308 28480 1850-0602 1
1850-0603 Transistor-2S703 28480 1850-0603 3
1850-0604 Transistor-2N743 28480 1850-0604 1
1850-0606 Transistor-25302 28480 1850-0606 2
1850-0609 Transistor-OC29 28480 1850-0609 2
1851-0006 Transistor-germanium NPN 2N169A 03508 2NI169A 1
1901-0025 Diode-silicon 28480 1901-0025 1
1901-0026 Diode-silicon 14099 SA-783 2
1901-0096 Diode-silicon 28480 1901-0096 2
1901-0602 Diode-varicap 28480 1901-0602 2
1902-0031 Diode-breakdown 12.7V 5% 400MW 28480 1902-0031 2
1902-0601 Diode-zener 3.3V 250MW 28480 1902-0601 |
1902-0610 Diode-zener 6.8V 28480 1902-0610 1
1910-0011 Diode-germanium 60PIV SMA 28480 1910-0011 1
1910-0016 Diode-germanium 93332 D236l 2
2100-0346 R: var. comp. 12K ohms +20% IW 28480 2100-0346 2
21000601 R: var. comp. 1K ohm 28480 2100-0601 1
2100-0602 R: var. 10K ohm WW 28480 2100-0602 2
2100-0603 R: var. comp. 20K ohm WW 28480 2100-0603 2
2100-0604 R: var. comp. 10K ohm 28480 2100-0604 1
21000605 R: var. comp. 1K ohm WW 28480 2100-0605 2
21000606 R: var. comp. 3.5K ohm 28480 2100-0606 2
2100-0607 R: var. comp. 100 ohm }W 28480 2100-0607 2
2110-0017 Fuse cartridge 0.15 amp 125 volt 28480 2110-0017 1
3100-0601 Switch-oak 28480 31000601 1
3100-0610 Switch-mains DPST 28480 3100-0610 1
3101-0033 Switch-slide DPDT 28480 3101-0033 1
50000011 Cover-bottom 5 x 11 in cabinet 28480 5000-0011 1
50000703 Cover-side 6 x 11 in. cabinet 28480 5000-0703 2
5000-0711 Cover bottom 5 x 11 in. cabinet 28480 5000-0711 1
5020-0700 Spacer 4-9/16 in. lg. 28480 5020-0700 3
5060- 0634 Binding Post Assy. Red 3/4” stud 28480 5060-0634 2
5060- 0635 Binding Post Assy. Black 3/4" stud 28480 5060-0635 2
5060-0703 Frame assy. side 6 x Il in. cabinet 28480 5060-0703 2
50600709 Cover top 5 x 11 in. cabinet 28480 50600709 1
5060-0727 Foot cabinet 4-3/8 in. lg. 28480 50600727 2
8120-0078 Cable power 7ift. 70903 KH4147 1
9100-0601 Transformer-main 28480 9100-0601 1
9140-0052 Coil-fxd. RF 3.3MH 28480 9140-0052 1
9140-0053 Coil-fxd. RF IMH 28480 9140-0053 1
9140-0601 Choke 28480 9140-0601 1
5212A-9A Transformer oscillator 28480 5212A-9A 1
05090-001 Back panel 28480 05090-001 1
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Table 6—2 Replaceable Parts (Cont’d)
® Part No. Description Mfr. Mfr. Part No. T.Q.
05090-002 Front panel 28480 05090-002 1
05090-003 Bracket 28480 05090-003 2
05090-004 Bracket 28480 05090-004 1
05090-005 Bracket 28480 05090-005 1
05090-204 Box-small 28480 05090-204 1
05090-205 Box-large 28480 05090-205 1
05090-206 Lid-large 28480 05090-206 1
05090-207 Lid-small 28480 05090-207 1
05090-604 Transformer 28480 05090-604 1
05090605 Transformer 28480 05090-605 1
05090-606 Transformer 28480 05090-606 1
05090607 Transformer 28480 05090-607 2
05090-608 Transformer 28480 05090-608 2
05090-609 Transformer 28480 05090-609 1
05090610 Transformer 28480 05090-610 1
05090-611 Transformer 28480 05090-611 1
05090612 Transformer 28480 05090-612 1
10502-6001 Cable (AC-16E) 28480 10502-6001 1
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Section VI
Table 6-3

The following code numbers are from the Federal Su

Table 6-3
CODE LIST OF MANUFACTURERS

Model 5090A

pply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code)

and H4-2 (Code to Name) and their latest sur ﬁlemenfs. The date of revision and the date of the supplements used appear at

the bottom of each page. Alphabetical codes

0013%
00213
003
0033%
00373

00656
00779
0781
00815

o
01285
0mi
01295

01348
%1
01589
o193
%!
@i
02286

028

um

wn

°32
o
urm
0%
L]
[t

g

(313
08552
05616

0562
®ne

05729

05783
0820
06004
%178
06402
®ars
06540

0655
%751

%412
L]

Monsloctyrer Address
U.S.A. Common
McCoy Electiomucs
Sage Electionics Corp.
Numidarl Co.
Westrez Corp.
Garlock Packing Co.,

Any supplier of U. S,
Wowal Holly Spuags, Ps.

Electrionic Products Div, Camden, ..
Aerovox Corp. New Bodford, Mass.
Amp, lac, .

AnCIaft Radio Corp.
Northera Eagmeering Ladoratorses, Inc.
Burlington, Wis.
Sangamo Electric Company,
Ordill Division (Capacitors) Marion, 1M,
Goe Engiaeenag Co. Los Angeles, Calil.
Carl €. Wolmes Corp. Los Aageles, Calil,

Alles Bradley Co. Milwavkee, Wis.
Lotton Industries, Inc. Beverly Mills, Calif,
TRY Semiconduclors lac. Lawndale, Calit.
Teaas lastruments, Inc.

Transistor Products D, Datlas, Tesas
The Alliaace Mig. Co. Alliance, Obio
Chassi-Trak Conp. Indianapolis, Ind.
Pacilic Relays, Inc. Van Nuys, Calit,
Anerock Corp Rociford, 1.
Puise Exgineering Co. Saata Clars, Calid,

Ferroscude Corp. of Amenca Saugerties, N.Y.
Cole Mtg. Co. Palo Alto, Calif.
Asphensi-Bocg Electromes Corp. Chicage, MI.
Radio Corp. of America, Semiconductor

984 Materials Div. Semerville, N, ).
Vocaline Co. of Amenica, inc.

016 Saybrook, Come.

Nophing Engueering Co. San Fernando, Calif,

G.E. Semicongucior Products Dept. Syracuse, N.Y.

Apez Machine § Tool Co. Daylon, Ohie
Eidema Corp. €1 Moate, Calif.
Traasitron Electronic Corp. Wskefield, Mass.
Pyrolim Resister Co. Borristows, M. ).

Air Barine Motora, inc. Los Aageles, Calil,
Amow, Nart 30¢ Negeaan Elect. Co.

Nerttord, Cona,

Taeres Corp. Lambertvilie, . J.

Elmenco Products Co. Mew York, N.Y.

W) Divizion of Asroves Myrtie Beach, 5.C.
Eigm Ratioas! Watch Co.,

Electronrcs Division Burdant, Colif,

Precisien Pager Tube Co. Chicago, M.

Dysec Division of Wewistt-Packard Co.
Paio Afts, Calit.
Sytvania Electric Progs., Inc.
Electionic Tube Div.  Nountain View, Calil.
Wotorola, inc., Semoaducter Prod. Div.
Phoenix, Arizons
Filtroa Co., inc., Westers Div. Cuiwer City, Calit.

Avtomatic Electric Co. Northiake, NI
Astomstic Electric Sales Corp. Northiske, I,
Sequeia Wire & Cable Co.  Redwood City, Calit.
Precision Coil Spring Co. B Moate, Calf,
P. M Motor Company Chicage 44, N,

Twealieth Century Plastics, inc.
Los Angeles, Calif.
Vestiaghouse Electric Corp.

Sew:-Conductor Dept. Youngwood, Pa.
Ultronix, e, Sae Mateo, Calif,
(llvmitronic Engineering Co. Suanyvaie, Calil.
Cosme Plastic
(¢ o Elecucal Spec. Co.) Cleveland, Ohio
Barber Colman Co. Rocklorg, 11,

Titten Opticat Co.
Rostyn Meights, Long Istand, . Y.
Metiopolitan Telecommunications Corp. .

Meno Cap. Division Brockiys, MY,
Stewart Engineering Co. Saata Crea. Calil.
Wanehield Engineening lac. Wakefreld, Moss.
Tre Bassich Co. Brsogeport, Coma.
Bausch and Lomd Optical Co.  Rochester, MY,
E.T.A. Products Co. of Amenica  Chicage, Il
Westers Devices, fnc. Inglewood, Calif.

Aajtos Electionic
Margware Co. Inc. New Rochelle, N. Y.
Beede Electiical strument Co., Inc.
Ponacook, N M.
V. S, Semcor Dreissoe of Nuclear Corp.

of Amence Phoenia, Atizons
Tornmglon Mtg. Co., West Div. Voo Nuys, Calil.
Kelwe Electne Co. Van Noys, Calit.

6-10

Code
Me. Menviecwrer Addrese
0711 Corming Glass Works
Electionic Components Dept.  Beadtord, Po.
07126 Digetran Co. Pasadena, Calil.
07137 Transistor Electiomics Corp.  Mimneapolrs. Man,
07138 Westinghouse Electiic Corp.
Electionic Tube Drv, Elmia, MY,
07149 Fiimodm Corp. New York, W V.,
07233 Cinch-Graphik Co. City of industry, Calif.
07261 Avnet Corp. Les Aageles, Calit.
07263 Fanchiid Semiconductor Corp.
Moustam View, Calit,
07322 Misnesota Rubdber Co. Meacapolts,
01387 The Birtcher Corp. Los Angeles, Calif.
07700 Techarcal Wire Products Springhield, M. ).
07910 Continenta’ Device Corp. Hawthorse, Call,
07333 Rneem Semiconductor Corp. Mosalam View, Calif.
079%¢  Snochiey Semi-Conductor
Ladoratorres Pale Atte, Calif,
07980 Boonloa Radio Carp. Boonton, N.J.
08145 V.S, Engiaeery Los Aageles, Calit,
08209 Bin, Deldert, Pomona, Calif.
08358 Burgess Battery Co.
Niagan Falls, Ostacio, Conada.
08717 Sican Company Burbank, Calif.
08718 Cannon Electiic Co..Phosnis Orv.  Phossix, Ariz.
08792 CBS Electionics Semiconductor
Operations Div.of C.B.5. Inc. Lowell. Mass.
08984 Wel-Rawm lndiznapolis, ind.
03026 Badcock Relays, imc. Costa Mesa, Calit,
09134 Texas Capacitor Co. Nouston, Tezas
09145 Atone Electronics Son Valiey, Calif.
09250 Electro Assemblies, Inc. Chicage, M,
09569 Mallory Battery Co. of
Canada. Lt Toreate, Ostarg, Conade
09664 Toe Brustel Co. Waterbury, Cons.
10214 Geeeral Transistor Wasters Corp.
Los Angeles, Calit,
19411 To-Taf, lac. Borkeley, Colif.
10646 Cardoryndum Co. Ragans Falls, WY,
11236 CTS of Berne, Inc. Berne, ind.
11237 Cacago Telephone of Califomia, iac.
So. Pasadens, Calit
11312 Microwave Elecironics Corp.  Pato Alto, Calif,
11834 Duacae Electronic, Mc. Sants Asa, Calit.
11711 Genera! Insbusest Corporation
Semiconductor Division Nowark, B.J.
1NT i=pernl Elcironic, lac. Buess Pork, Calif,
11870 Melabs, Mac. Pake Alto, Calit,
12136 Puiadeiphn Nandle Co. Canten, N. L
12697 Clevostt Wiy, Co. Dover, W. M.
12058 Nigpon Electic Co., LML Tokys, Japee
12530 Detta Semiconducter isc.  Newperl Baach, Calit.
13103 Thermofioy Dattes, Teams
133% Teletonhae (G.M.8.0.) Nasmover, Gersany
13835 Midland Wiy, Co. Kansas City, Kensas
14099 Sew-Tech Nowbery Park, Calit.
14193 Canl. Resistor Corp. Sants Wonica, Calif.
14290 Aserican Coaposents, Inc.  Comsbohocken, Pa.
10639 Cornell Dubilier Elec. Corp. So. Plantisld, N.J.
%0 Wiliems Mig. Co. San Jose, Colit.
15203 Wedster Electonics Co. loc. Bevokiyn, MY,
15291 Acjustadie Bushing Co. N. Noltywood, Calif.
18772 Twentieth Contury
Corl Spring Co. Saats Clara, Calil.
15909 Tae Daven Co. Livngston, N.J.
16037 Seruce Pine Mica Co. Pine, 0. C.
16352 Computer Diode Corp. Logi, N, J,
16688 De Jui-Amsce Corporation
Loag istand City I, N.Y.
16758 Deice Radio Duv. of G.W. Corp. Kekomo, Ind.
17109 Taermonetics inc. Canega Puk, Cahl.
12404 Tianes Company Moostam View, Cald.
18456 Radio Industies Des Plames, WL
10583 Curtis lagtrument ¢, B Kisce, WY,
18873 € (. OuPoat snd Ce.. bac. Bumisgton, Del.
19319 Eclipse Pronewr, Div. of
Bendis Aviation Corp. Teterdoro, N.J.
19500 Thomas A. Edison Ingustiies,
Div. of McGraw-Edison Co. West Orange, N.J.
19701  Electra Manutecturing Co. Kamzas City, Me.
20183 Edectronsc Tude Corp. Putaceiphia, P,
0226 Executive, loc, few York, N.Y,
21520 Faastee! Metallwrpical Corp. Mo, Chicage, M1,
21335 Toe Fataw Bearag Co. Bew Britain, Cose.
2194 Fed. Telephone and Radio Corp.  Clifton, N. ).
20446  Geasra! Elactric Co. . .
2455 G.E.. Lamp Divisioe Nela Park, Clevelond, Obie

Revised : HP Ltd. August 1965

Menvhectvrer Address
General Radro Co. West Concord. Mass.
Gries Reproducer Corg. New Rocheile, N.Y.
Grodet Fuie Co. of America, Iac, Coristagt, W.J.

Hamilton Watch Co. Lancaster, P,
Hewlett-Pacaard Co. Paio Atte, Call.
G.E. Recerving Tude Dept. Oweasdore, Ky.
Lectiohm lac, Chicago, NI,
Stanwyck Corp, Mawkesdory, Oatsiio, Canada
P.R. Mallory § Co.. Inc. Indwanapols, Ind.
Mechanical Industiies Pred. Co. Akron, Ohig
Smiature Procisron Besriags, lnc.  Keene W.N.
Muter Co. Chicage, NI,
C.A. Norgren Co. Eaglewood, Colo.
Skokie, NI,

Camdrudge. Mass.

Phitadeiphia, Pa.

Lexington, Mass.

Rowan Controtier Co. Battimore, M4,
Ward Leonard Electc ML Vernos, WY,
Shalicross Wy, Co. Seima, N.C.
Simpson Electric Co. Chicage, .
Sonolone Cerp. Eimstord, NV,
. So. Norwalh, Coms.

Tosswanda, N.Y.

Nocth Adaas. Mass.

St. Paul, Mina,

Elizadeth |, . J.

Tripplett € lectrical ne. Biuftion, Ohie

Unioa Switch and Signal, Div, of

Westnghouse Ait Brake Co.  Swissvale, P,
Unrversa! Electric Co. Owosse, Mich,
Ward-Loonard Electric Co. Mt Vernce, .
Westers Electnic Co., inc.

Foliensat Optical Ca.

Alien Mig. Co.

Allsed Coatrol Co.. We.

Allastal Scivw Prod. Co., iac.
Garden Crty, W,

Y.
Attaatic laga Rudder Werks, inc, 1N
Amperite Co., Inc, LY.
Beiden Wiy, Co. .
Burd Elechionsc Corp. Clevelsnd, Obio
Birsbach Radee Co. Bew Yori, .Y,
Bestoe Gear Warks Dev, of

Suray Co. of Toxss Quincy, Mass,
Bu¢ Radro . Cieveisad, Obie
Casioc Fastesss Comp. Paaass, §.J
Alies 0. Cardwet] Elucromic

Prad. Corp. Plasavitie, Conn
Bussmese Fuse Div. of McGraw-

Edison Co. St Lowis, Me.
Chicago Congenser Corp. Chicage, HI.
CTS Corp. Eixhert, Ind.
Canaon Electinc Co. Los Angeles, Calif,
Cinema Enginesring Co. Burdant, Caiif.
C.P. Ciare & Co. Chicage, 1.
Contralad Div. of Glode Unios lac.

Wihwavkes, Wis.
Commercual Plastics Co. Chcage, 1.
The Cornrsh Wus Co. New York, MY,
Chicag wturs Lamp Vorks Chicage, NI,

A.0.

Corp.. Crowley Ow.

Wost Orange, K.J.
Cinch Mig. Corp. N
Dow Corning Corp.

Eitel-McCulloagn, inc. San Bruse, Calil.
Electro Molive Mig. Co.. Ioc.

Willimantic, Cona.
Coto Cont Co., W, Providence, N1,
Jone E. Fast & Co. Chocage, i1,
Duslight Corp. Biooklye, MY,
General Coramics Corp. Keasdey, N.J.
General invtrument Corp. ,

Semiconductor Div, Newark, N.),
Girard Hophiay Oahland, Colit.
Drake Wig. Co. Chicage, 11,
Magh N, Eby lac. Phiiadeiphia, Py,
Gudeman Co. Chicage, Wl
Robert M. Madiey Co. Lot Angeies, Calit,
Ene Resrster Corp. Ene, Pa.
Nensen Bfg. Co., Isc. Priacoton, ind.
N, Marper Co. Chicage, M.
Metipol Drv. of Bochmen

instruments, e, Fullerton, Colit.

Galley J - Hewiett Packaed Code List

ave been arbitrarily assigned to suppliers not appearing in the H4 handbooks.

Code
Ne. Menshectyrer Addeoss
13293 Mughes Products Divisien of
Mughes Aucraht Co. Newport Beach, Calit.
73448 Amperer Eiectronic Co., Div. of Norte
Anencos Phillips Co, Wc.  Michsville, Y.
73490 Beckman Melipot Corp. Sa. Pasadena, Calit.
73506 Bradiey Semiconducter Corp. Mamdes, Coma.
73359 Carling Elechric, isc. Rartioed, Cona.,
73682 George K. Garrett Co., Inc. Philadaiphia, Pa.
1734 Fedenal Screw Prod. Co. Chicage, ML
73743 Fuscher Special Mg, Co. Ciecissati, Obie
73793 The General Industries Co. Elytia, Ohio
734  Goshen Stampizg & Teol Co. Geshon, Ind.
73899 JFD Electronics Corp. Brookiyn, N. V.
73905 Jenarags Radio Wig. Co. Sas Jose, Coll,
2% Sigaahte e, Replune, N.J.
T448S ) K. Winas, sod Soms Wnchester, Mass.
74861 Iadustrg! Condenser Corp. Chicage, L.
74368 R.F. Products Division of Anphenel-
Borg Electronics Corp. Daadury, Coma.
74970 E.F. Johasos Co. Wasecas, Mina,
75042 Co. P
75173 Joses, Woward 8., Divisien
of Cinch My, Corp. Chicage, BL
15378 James Kaights Co. Sandwich, .
75382 Kekka Eleciric Corporation ML Vemos, A.Y.
758018 Lesz Electric Mig. Ce. Chicage, ML
75915 Littietuse lnc. Des Plawmes, L.
%005 Lord Mg, Co. Erie, 2.
220 C.¥. Marwede! Son Francisce, Calit.
76433 Micameld Electiomic Mig. Corp.  Brootiys, B.Y.
437 James Willen Mig. Co., Wc. Haides, Mass.
76483 ). 9. Mitler Co. Los Asgeies, Cafit.
7530 Monadnock Willy San Loasdrs, Calil,
76548 Moelle Edachric Co. Cleveland, Onie.
76854 Osh Maastactwing Co. Crysta! Labe, WL
17083 Bendia Pacitic Divisios of
Besdia Conp. Re. Hollyweod, Colit,
17075 Pacilic Meals Ce. Sas Fraacisce, Colit,
M2 Prasstran lnstrement and
Etectronic Co. South Pasadens, Calit,
77250 Paosil Mig. Ce. Chicage, M.
N2 Mitadeiphis See! 3nd Wies Corp.
Puiladeiphaa, Po.
17342 Pottsr and Broatield, Div. of American
Machine and Foundry Princeton, Ind,
17630 Ragio Condenaer Co. Candes, N.J.
77638 Radio Recopter Co., lnc. Broskiys, .Y,
T7764  Resislanca Products Co. Nenisbary, Pu.
77%9  Ruddeccraft Conp. of Calit, Toaasce, Calit,
7189 Snakapros! Division of Hiinsis
Tool Works Elgia, 0,
78280 Sigaal indicator Conp. New York, MY
78290 _ Strathers-Dvan inc. Pitssa, N.J.
78452~ Thompsos-Brewst & Co. Chicage, M.
78471 Tidey My, Ce. San Francisco, Calit
70483 Stackpole Cardes Ce. St Merys, Po
78493 Susdard Thomssa Corp. Talthem, Mess.
78553 Tesserman Products, iec. Cleveland, Oie
790 Tassformer Engieesrs Pasadens, Colit
TeNT  Ucwmite Co. Newtonville, Bass.
79142 Veoder Rool, imc. Martford, Conm.
19251 Weaco Mig. Co. Chicage, NI
79727 Contwsents!-Wirt Eloctronics Corp.
Priiadeiphia, Pu.
T9%3  Zierick Mig. Corp. Now Rochalie, .Y,
80031 Mepco Division of Sessions
Clock Co.
30120 Schaitzer Alioy Products
80130 Tumes Facaimite Corp. AN
30131 Electronic industries Associstion. Amy basd
twbe mesting EIA standarés Washeagion, 0.C.
80207 Unimaz Swikeh, Drv, of
¥.L. Maxsos Corp. Walliagtord, Coma.
8022)  Usie¢ Traestormer Corp. New York, MY,
80243 Oaford Edwctiic Corp. Chicage, lIL
80294 Bowns Ladoratwies, Inc. Riversige, Calit,
0411 Acro Div. of Rodertshew
Fulton Coatrots Co. Catumbus 16, Onie
80406 Al Star Products lac. Deluace, Ohie
80509 Avery Adhasive Lade! Comp. Moarevie, Callf,
80523 Msmeerivad Co., Inc. Now Yort, BV,
00640 Stevens, Arsold, Co., Iec. Bosten, Mass,
81030 latsrmationsl lnsiements, Jac.
Now Naven, Cona.
81073 Gaayhili Ca. LaGrage, WL
1093 Triag Transterner Conp. * Veaice, Calit.
01317 Wanchester Elochomca Co.. Muc. Normsit. Coms.
From: FSC. Hmdbook Supplements
W41  Dated DECENBER 1964
H42  Dated NARCH 192
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82209 Magure Industies, lac.

ane

wx
[ "3 10]
e

Moaylecrorer Addross
Wilrdary Specifscatien L L,
Wilkor Products, inc. Clevelang, Ohio

Raytheon Mig. Co., industual Components

Div., ladustr Tude Operalions Newion Mass.
International Rectitver Corp. 1 Segunde. Calil.
The Awpas Products Co. Cambdirdge, Mass.
Bany Controls, Inc. Waterlows Mass,
Carter Pasts Co. Shokre, Wi,
Jetters Electionics Divesion of

Speer Cardon Co. Ou Boss, Pa.
Allen 8. Dulont Labds. Iac. Clifton ).

Greeswich, Comn.

Sytvanu Electiic Prod. iac.
Electionc Tude Drv.

Aston Co.

Sencheatt, tac,

Metals and Contiols, lac., Dwv. of
Texss Instiuments, iac.,

Speacer Prods. Attiedoro, Mass.
Reseaich Products Corp. Wadison, Wis,
Rotros Manvlactering Co., Inc. Woodstoch, N.Y.
Vector Electromic Co. Glendale, Calf.
Weslers Washer Mir. Co. Los Angeles, Calil,
Carr Fasteses Co. Cambdridge, Mass.
New Mampshue Ball Bearag, inc.

Peterborough, W.H.
Pyramd Electric Co. Darlington, $.C.
Electro Cords Co. Los Angeles, Calil.
Victory Engraeering Corp. Spomglied, N.J.
Bendix Corp., Red Bank Drv. Red Bask, N.J.
Hubdeli Corp.
Saith, Hermae M., fac. Y,
Cestral Screw Co. Chicage, WL
Gavill Wae and Cadle Co.,

Oiv. of Amerace Corp. Brooktied, Mass,
Burroughs Corp.,

Electionic Tube Drv, Plaiateid, N.J.
Eveready Battery New Yort W.Y.
Model Eng. and Mg, lac. Nuatiagton, lnd,
Loyd Scruggs Co. Festes, Mo,
Arco Electionrs, Inc. New York, K.Y
A.L. Gleseser Co., tac.  Sae Francisco, Calit,
Good All Electric Mig. Co. Ogaliala, Nes.
Sarkes Tarzian, inc. Bloomiagton, ind.
Boontee Molding Company Boontes, N.J.
A.8. Boy¢ Co. San Francisce, Calif.

02177-1

Table 6-3 (Cont'd)

CODE LIST OF MANUFACTURERS

Cade
Ne. Monvisctvrer Addeoss
500 R.¥ Bacamonte & Co.  Sas Frascisco, Calif.
85660 Kovled Konds, lac, New Haven, Conn.
85911 Seamiess Rudber Co. Chicage, 11,
%6197 Cidion Precision Products  Clifton Heights, P,
86579 Precision Rubber Products Corp. Daytoa, Ohio
%684 Radio Corp. of Amenca, RCA
Electron Tude Div. Marrison, . ).
81216 Phiico Corporation (Lansdale
Division) Laastale, Pa.
87472 Western Fbnous Glass Prodacts Co.
Saa Francisco, Calif,
87664 Vae Waters § Rogers inc. Seattie, Wash,
87930 Tower My, Corp Providence, R. 1.
80140 Cotles-Mammer, nc. Liscoln, 111,
88220 Gosld-National Battenies, iac. St Pasl, Whoa.
88698 Genera! Mulls, fnc. Bullalo, N. Y.
83231 Graydar Etectie Co. Oskiand, Calif.
89462 Walces Kohinoor, Mz, Canbdndpe, Mass.
83473 General Electiie Distriduting Corp.
L NY.
€936 Carter Parts Drv. of Econsay Baier Co.
Chicage, Hil.
89663  Unded Transtormer Co. Chicago, il
90179 U.5. Rudder Co. . Mechamical
Goods Div. Passaic, N.J.
90970 Bearmg Engineenng Co.  Sam Framcisco, Calif.
91260 Conaor Spring Mig. Co. San Francisco, Cald,
91345 Mitler Diat & Nameplate Co. €1 Monte, Calif.
31418 Radso Msteruts Co. Chicago, 1.
91506 Awga® Brothers’, lac. Attiebaro, Mass.
91637 Date Etectionics, Imc. Columbus, Mebr.
91682 Eico Corp. Philsdeiphia, Pa.
$173) Grema: Mg Co., imc. Takeheld, Mass.
91827 K F Developmest Co. Redwoot City, Calif.
91529 Minoeapoirs-Honeywell Reguintor Co.,
Microswitch Dy, Freeport, 111,
91961 Naha-Beos. Spring Co. Oakland, Calit.
92180 Trv-Comnector Corp. Peadody, Mass.
$219% Usiversal et Prod., nc. Bassett Pusate, Calif,
92367 Eigeet Optical Co., Inc. Rochester, N.Y.
92607 Tusolite nsulaled Wire Co. Tarrytown, K.Y,
93132 Sytvania Electric Prod. luc.,
Semicoaductor Div. Woburn, Mass.
93369 Robdins and Myers, imc, New York, N.Y,
93410 Stevens ¥fg. Co., lac. Maastield, Ohio
$3788 Woward ). Smith inc. Port Mosmouth, K. J.
00015-39

Revised : HP Ltd. August 1965

Moayboctwrer Addross
G. V. Contols Livingston, N. ).
Irsulme -Van Normas Ing. . nc.

Electionic Drvision Manchester, N.M,
General Cadle Corg. Bayonne, W.J.

Raytheon Mig. Co.. Industrial Components
Div., Recerwng Operation Quincy. Mass.
Raytheon Mig. Co.. Semwconducior Div.,

Cahfornia Street Plant Mewlon, Mass.
Scieatific Radic Products, lac.

Loveland, Colo.
Teag-So! Electnc, inc. Newark, N.J.
Curiss-Wngnt Corp. ,

Electionizs Drv. East Patersos, N.J.
Southco Div. of 5. Chester Corp. Lester, Pa.
Trw Obm Prod. Div. of Mode!

Engiacering aac Wig. Co. Chicage, Hi.
Wite Cloth Prodec!s inc Chicago, NI

Vorcester Pressed Alvenvm Corp,
Worcest 1, Mass.

Phiiborck Researchers, loc, Beston, Mass,
Alhes Products Corp. Muai, Fla,
Continents! Connector Corp. Woodside, N.Y.
Leecralt Mig. Co., Inc. Mew York, N.Y.
Lerco Electrionics, nc. Barbask, Calif.
National Corl Co. Sherudan, Wyo.
Vitiamon, lac. Bisdpeport, Conn,
Gordas Corp. Bloomiseld, N.J.
Hethode Mg, Co. Chicage, 1.
Dage Electuc Co., lac. Frankim ind,
Weckesse Co. Chicago, I,
Huggins Ladoratoeres Seasyvale, Calf,
H1Q Division of Aerovor Olean, N.Y.
Thordarson-Messaer Div. of
Maguire industives, Inc. Mt. Carmel, 1,
Solar Manvfactunag Co. Los Angeles, Calif.
Cariton Sciew Co. Chicago, HI.
Wicrowave Associates, Inc. Buwilinglon, Mass.
Excel Transformer Co. Oakiand, Calif,
Industiial Retavnsag Rung Co. lrvington, N.J.
Astosalic and Pracision Mig. Co.
Yonkers, N.Y.
Danvers, Mass,
Reon Resistor Corp. Yonkers, .
Azel Brotbers lac. Jamaica, WY,
Rudber Teck, Inc. Gardena, Calil.

b0
ni
9515

970

99800
84
9934
99?2

Section VI
Table 6-3

Monufachrer Addeass
Frances L. Mosley Pasadena. Calif,
Microdal, inc. So. Pasadena, Caisf,

Mamaronech, N Y.
Redwood City, Calit.
Winngapohis, Misn,

North Hills Electric Co. Wineols, WY,
Clevite Transisloi Prod.

Drv. of Clevite Corp. Tatthas, Mass.
fateraational Electronic

Research Corp. Burbank, Cahf.
Colvmb:a Technical Corp. New York, WY,
Vacwa Assocuales Palo Atte, Calif,
Marshall Industives, Electron

Products Division Pasadena, Cat.

Control Switch Division, Contiols Co.

of America €1 Segundo, Calif.
Oelevan Electionics Corp. East Avrora, WY,
Wilco Corporation Indisnapolis, ind.
Readandt, Inc. Bosten, Mass,
Hoflmas Semiconductor Div. of

Hoftman Electionics Corp. Evanston, NI
Techaology lnstruvment Corp

o Gt Newbery Park, Calif.

THE FOLLOWING H-P VENDORS HAVE NO NUM-
BER ASSIGNED IN THE LATEST SUPPLENENT TO
THE FEDERAL SUPPLY CODE FOR MANUFAC.
TURERS HANDBOOK.

Winchester Electiomics, Inc.
Sants Monica Calif.

0000F Maico Tool and Dre Los Angeles. Calif.
0000M Westera Coul Div. of Automatic

ind., inc. Redwoad City, Cahl.
0000P Ty-Cat Mfg. Co.. lac. Holhston, Mass.
9000 Witlow Leather Products Corp. Newark, R.J.
000AA Biitish Radio Electromcs Lid.  Washngton, D.C.
0048 ETA England
G00AC Ind:ana Geseral Corp., Elect. Div. Ingana
90088 Precision Instiument Components Co.

Van Nuys, Calit,
000MM Rudber Eng. & Development Hayward, Calif.
000NN A “N" D Manulacturing Co.  San Jose 27, Calit,
00000 Cooltron Oakland, Calif.
00053 Control of Elgie Watch Co. Burdank, Calif,
000WW Cairfornia Easters Lab. Buriingame, Calif,
oYY S.K. Smith Co. Los Aagetes &5, Caid.

E 0001

Texas Instruments Lid.. Bedford.

E 0002 Mullard Ltd., London
€ 0003 A. F. Bulgin & Co. Ltd., Barking

From:

FSC. Handbook Supplements
Hel  Dated DECEMBER 1964
H42  Dated MARCH 1962
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Appendix I

APPENDIX I—AREA OF USE

Propagation of a radio signal at 200-kc follows
the normal pattern of a ground-wave which passes from
transmitter to receiver without any ionospheric reflections,
and a sky-wave which comprises signals which are
reflected by ionospheric layers.

The results of theoretical calculations of signal
strength are shown in Figure 1A-1. The results for the
ground-wave are presented separately from those for day
and night-time sky-wave propagation. If it could be
assumed that the ground-wave and sky-wave were
mutually phase coherent (i.e. if at any geographical
location the phase difference between the received ground-
wave and the received sky-wave was a constant) and of
constant relative amplitude, then the effect of interference
between sky-wave and ground-wave would be to produce
a resultant signal of constant phase with respect to the
transmitted signal. Thus the service area of the transmitter
for first-grade frequency standard purposes would be
very extensive, as the actual figures of signal strength
show. However, the reflectivity of an ionospheric layer is
not constant with time, and the amplitude of the reflected
wave will vary to some extent. In addition, the phase
stability of the sky-wave is degraded by Doppler-type
effects. Apart from phase shifts which might occur from
vertical movements of the ionosphere, it has been shown
that the ionospheric layer can be regarded as having an
irregular lower surface and moving horizontally. This
imparts to the reflected signal additional phase shifts
which are indistinguishable from those due to true
vertical movements.

In contrast, the ground-wave is regarded as being
very phase stable, and investigations are proceeding to
find out just how stable it is. In the absence of further
information at the present time, it will be assumed in the
following discussion that the ground-wave does not
contribute any phase disturbances to the received signal.

It will readily be appreciated from Figure 1A-1
that there are regions in which ground and sky-wave
amplitudes are sufficiently comparable for interference
between them to have a noticeable effect on the phase of
the resultant signal. If the reasonable assumption is made

THEORETICAL SEA PATH TRANSMISSION CURVES
100000 Y = IONOSPHERIC REFLECTION COEFFICIENT
h = IONOSPHERIC HEIGHT

FIELD STRENGTH (p VIM)

s " n -l
J500 R 1000 . ISOOJ 2000 KM
0 250 500 750 1000 MILES
DISTANCE FROM TRANSMITTER

that the relative phase of the two signals is always
changing, then the effect on the resultant signal is illus-
trated by the vector diagrams of Figure 1A-2. In this
figure EG representsthe ground-wave signal, ES represents
the sky-wave signal, and ER represents the resultant
signal. All the diagrams show phase with respect to EG
which, as stated earlier, is assumed to incorporate no
phase disturbances. Figure 1A-2a illustrates the case
|EG|>|ES|. It can be shown by inspection that the phase
disturbances of ER (i.e. de/dt) is at a maximum when E§
directly opposes EG. When |ES| is equal to |[EG] the
de,/dt can become infinite (Figure 1 A-2b), while increasing
distance from the transmitter leads to Figure 1A-2c
where |[EG|<|ES/| It can be deduced from Figure 1A-1
that the two amplitudes are equal at about 1100 Km
during the day and 550 Km during the night.

Development of the above reasoning, assuming
uniform speed of the apparent vertical shifts of the
ionosphere, gives rise to the curves shown in Figures
1A-3a and 1A-3b. Here the short-term frequency
stability of the received signal with respect to the ground-
wave (and hence to the transmitter) is shown as a function
of distance over a sea-path for both day and night.
Transmission over a land-path modifies both these
diagrams by causing more rapid attenuation of the
ground-wave with increasing distance. It will be seen
that the region of most severe disturbance (where
IEGI_/}.|ES|§iS comparatively narrow, and due to the
vagaries of the sky-wave would not fall consistently in
one place. Large associated fluctuations of signal level
as indicated on the receiver meter would warn the user
that he was in this region at a particular time.

€, 1S ROTATING WITH
N\ RESPECT T0 Eg

OR

()
el l€s]

Figure IA-1 Variations of Field Strength with Distance
02177-1

Figure IA-2 Relative Phase-Shifts between Sky-wave
and Ground-wave

IA-1
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Both parts of Figure 1A-3 follow the same pattern.
Moving away from the transmitter one leaves the region
of pure ground-wave control and enters a region in which
the sky-wave has an increasing influence. Moving further,
one passes through the region of most severe disturbance,
after which the short-term frequency stability assympto-
tically approaches that of the sky-wave alone. A moderate
ionospheric disturbance would result in apparent vertical
movements at speeds of about 10 metres/sec., and would
give rise to short-term stabilities of the order given in the
first set of figures in the diagram (Figures 1A-3Band
1A-3D The bracketed figures correspond to good
ionospheric conditions (apparent vertical speeds of
1 metre/sec.). If Figure 1A-3Ais taken to represent the
conditions which hold during a normal working day for
most people, it can be seen that the service area of the

Model 5090A

transmitter falls into two regions—a primary area under
predominantly ground-wave control and a secondary area
under predominantly sky-wave control. In the primary
service area the receiver could be used as a stable
frequency-source as well as an accurate frequency-
comparator, while the above figures indicate that even
in the secondary service area very accurate comparisons
should be possible when carried out over long integration
times. The transitional periods of sunset and sunrise are
to be avoided in the secondary service area. The British
Isles and parts of Europe fall within the primary service
area as shown in Figure IA-4-

It must be emphasized that the above reasoning is
theoretical, but the field work so far carried out has
provided some confirmation of its usefulness.

DISTANCE FROM TRANSMITTER

a DAY TIME b NIGHT TIME

1 PART IN 10° 1 PART N 109
E (10') > (1090
2 =
= -t
< 3
5
>
2
§ i |
S 8
W 1PART »:110 g 1 PART w::) SROGND
. v (v:lghvl'EROL SKY
z z WAVE
v o CONTROL
A GROUND SKY v
& WAVE WAVE =
=} CONTROL CONTROL g
"

1PART IN 107 1 PART IN107

(108) (108) l
0 1000 KM 2000 KM 0 1000 KM 2000 KM
1
0 500 1000 MILES 0 500 1000 MILES

DISTANCE FROM TRANSMITTER

Figure IA-3 Effect of Ionospheric Propagation on
Short-term Frequency Stability

1A-2
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DAYTIME SECONDARY
SERVICE AREA

oavnme PrimaRY {80
SERVICE AREA 8

STOCKHOLM
()
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Figure 1A-4 Service Area of Droitwich Transmitter
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Appendix I1

APPENDIX 11
—FREQUENCY & TIME STANDARDS

1. TIME SCALES.

A number of slightly difference time scales are in
use for various purposes. The three most commonly
used time systems are Universal Time (UT), Ephemeris
Time (ET), and Atomic Time (AT). These systems are
discussed fully in Hewlett-Packard Application Note
No. 52, “Frequency and Time Standards™, but briefly
are as follows:

A. UNIVERSAL TIME. Universal Time (UT)
or Greenwich Mean Time (GMT), or Greenwich Civil
Time (GCT) is a system of mean solar time based on the
rotation of the earth about its axis relative to the position
of the sun. Several UT scales are in use: Uncorrected
astronomical observations used in determining mean
solar time are denoted UTO; the UTP time scale correc-
ted for the earth’s polar variation is denoted UTI;
the UT1 time scale corrected for annual variation in the
rotation of the earth is denoted UT2. However, although
UT2 is widely used, it must be recognized that UT2 is
non-uniform because of changes in the speed of the earth’s
rotation. Time signals transmitted by standard frequency
stations are generally based on the UT2 time scale.

B. EPHEMERIS TIME. Scientific measurement
of precise time intervals requires a uniform time scale.
The fundamental standard of constant time is defined
by the orbital motion of the earth about the sun, and is
called Ephemeris Time (ET). ET is determined from lunar
observations, and the ET second is defined (International
Committee of Weights and Measures, 1956) as “‘the
fraction 1/31,556,925.9747 of the tropical year for 12h
ﬁl‘ggc;f January 0, 1900”. (Jan. 0, 1900 = December 31,

C. ATOMIC TIME. Molecular and atomic
resonance characteristics can be used to provide time
scales which are apparently equivalent, or nearly
equivalent, to ET. The designation Al has been given to
the time scale derived from the zero-field (4,0)«—-(3,0)
resonance of caesium, with one second equal to
9,192,631,770 periods of oscillation.

2. DROITWICH TRANSMISSION.

Although broadcast transmission by most standard
frequency stations are based on the UT2 time scale, it
will be appreciated that the UT scales are not invariant.
While UT2 is freed of periodic variations, it is still
affected by irregular and secular variations and is subject
to annual adjustment with respect to the Ephemeris time
scales. The Ephemeris second (defined in paragraph 1B)
is invariant, and the current difference between UT2 and
ET is 150 parts in 10'°.

For practical purposes the Ephemeris second is
derived from the frequency of a caesium beam oscillator,
and this is the basis for the correction figures published
by the National Physical Laboratory for various standard
frequency transmissions. The Droitwich 200-kc trans-
mission is unique in that its nominal frequency is based
on the Ephemeris second and not the UT2 second.
Consequently, measurements made with respect to this

02177-1

transmission may be compared directly with future
Ephemeris-based measurements without further correc-
tion. However, the user who takes advantage of this
more-satisfactory system must bear in mind the possibility
of confusion when comparisons are made with a trans-
mission based on the variable UT2 second.

3. ADJUSTMENT OF TIMING SYSTEMS.

Optimum performance from a timing system or
clock driven by a precision oscillator will not be obtained
merely by periodically restoring the oscillator to its
nominal frequency. Such oscillators typically exhibit a
uniform drift rate for considerable periods of time.
Improved performance of the timing system can be
obtained if account is taken of the anticipated drift rate
in setting up the oscillator. Figure IIA-1 demonstrates

&+
04

| INITIAL TIME OFFSET
/ FOR 3 X 107 DRIFT

e A L

-20

TME ERROR IN M SECONDS

=30
- 40
- %0

- 60

350 sx10™

wxw0™

2001 |NiTIAL FREQUENCY OFFSET
150F FOR 3 X 10°% DRIFT
RATE

3Ix ™™

AVQ /S1¥vd 31vH 14180

2x0 ™

1x0 "

FREQUENC ERROR (PARTS IN 10°%)

Figure IIA-1 Oscillator Drift Rate
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coincident error plots of Time and Frequency over
100 day period for a predicted drift rate of 3 parts
in 1019/day (heavy lines). Initial frequency and time
offsets shown are values for minimising clock error
at the assumed drift rate over the time perind

It should be noted, however, that once a clock
has been offset to anticipate a given drift rate, then any
change in the drift rate—even a reduction—will result
in increased time errors. A more-detailed description of
this important technique is given in Hewlett-Packard
Application Note 52—*“Frequency and Time Standards”.
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Appendix I
APPENDIX Il —MANUAL CHANGES

This manual applies directly to the S090A Standard Frequency Receiver having serial number prefix
ES538. This manual with the following changes also applies to 5090A Standard Frequency Receiver
having serial prefix numbers: ES30, E52S, ES12, E447, E414, E402.

To adapt this manual to instruments with serial number prefixes other than E538 make changes as

follows:

Instrument Serial No. Prefix Change No.
ES30 1
ES25 1,2
ESI2 1,2,3
1,2,3,4
| thru 5

E447
E402

CHANGE ];/ Figures 5-6, 5-10 Table 6-1

CHANGE 2:

J

CHANGE 3:

CHANGE 4:

CHANGE §:

VDelete A1R92 Resistor Fixed 150 ohm ® Part No. 0686-1515

Figures 5-7, 5-10 Table 6-1
hange A2R 18 from 2200 ohms to 1500 ohms ® Part No. 0761-0015
Figures 5-8, 5-10 Table 6-I
KLhange A3R76 from 22k ohms to 47k ohms, &® Part No. 0758-0040
Figures 5-10 Table 6-1
‘S,‘hange F1 ffom 0.15 amp slow blow to | amp ® Part No. 2110-0001

Figures 5-8, 5-10 Table 6-1
Delete A3R91 Resistor fixed 15k ohms & Part No. 0758-0018
Figures 5-775-10 Table 6-1
hange A2C20 from 47uf to 20ut ® Part No. 0180-0608
Figures 5-8, 5-10 Table 6-1
hange A3R52 from IM ohm to 470k ohms & Part No. 0758-0087
Figures 5-8,5-10, Table 6-1
yDelete A3R90 Resistor selected value.
Change circuit of A3T7 with partial schematic Figure IIIA-1

Figures 5-6, 5-7, 5-8 Table 6-1
Change the following etched circuit boards from
@® Part No. 05090-201 to 05090-65A-1
® Part No. 05090-202 to 05090-65B-1
® Part No. 05090-203 to 05090-65C-1

Table 6-1
hange A2C18 from 100uf to 100uf ® Part No. 0180-0607
Figures 5-7, 5-10 Table 6-1
Jhange A2VRS8 from 100 ohms resistor variable to A2R22 resistor
fixed selected value.
Figures 5-8, 5-10 Table 6-1
hange A3QI19 from 2G403S to 2G404 & Part No. 1850-0062
Figures 5-6, 5-10 Table 6-1
elete Al L1 choke 3.3 mH ® Part No. 9140-0601
Figures 5-§, 5-10 Table 6-1
‘/Change A3R84, R87 from 680 ohms to 1000 ohms @& Part No.
0758-0003 = —
Figures 5-8, 5-10 Table 6-1
+Delete CR16 & Part No. 1901-0025
Figures 5-7, 5-10 Table 6-1
Change A2R27 from 10k ohms to 22k ohms ® Part No. 0758-0020.
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70 Q28
{— ]
| e !
A1 | "
L o= ¥ S gRse +
' 18000 " :
| |
R I J
T0 JUNCTION
10 18 = ™ OF R85 AND C57

+ FACTORY SELECTED

¥ DO NOT ATTEMPT TO REPLACE THIS
CAPACITOR WITHOUT REFERENCE TO
SECTION ¥ PARA 5-4

Figure 11l A-1 Modification to Figure 5-8
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