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SAFETY

This product has been designed and tested according to International Safety Requirements. To ensure
safe operation and to keep the product safe, the information, cautions, and warnings in this manual
must be heeded. Refer to Section | for general safety considerations applicable to this product.

CERTIFICATION

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

WARRANTY

This Hewlett-Packard productis warranted against defects in material and workmanship for a period of
one year from date of shipment, except that in the case of certain components listed inTable 1-3 of this
manual, the warranty shall be for the specified period. During the warranty period, Hewlett-Packard
Company will, at its option, either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by HP.
However, warranty service for products installed by HP and certain other products designated by HP
will be performed at Buyer’s facility at no charge within the HP service travel area. Qutside HP service
travel areas, warranty service will be performed at Buyer’s facility only upon HP’s prior agreement and
Buyer shall pay HP’s round trip travel expenses.

For products returned to HP for warranty service, Buyer shall prepay shipping charges to HP and HP
shall pay shipping charges to return the product to Buyer. However, Buyer shall pay all Shtppmg
charges, duties, and taxes for products returned to HP from another country.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defectsresulting from improper or inadequate maintenance
by Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation
outside of the environmental specifications for the product, or improper site preparation or
maintenance,

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

EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT

BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

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

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are
provided at the back of this manual.
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SERJAL PREFIX: 1908A

This manual applies directly to HP Model 5065A Rubidium
Vapor Frequency Standards having serial prefix 1808A,

OLDER INSTRUMENTS

Changes required to backdate this manual for older in-
struments are in Section VI

OPTIONS

For instruments having Options 061, 002, or 003, refer to
Sections |} through V.
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MANUAL CONTENTS

This manual is supplied to help you make best use of
your instrument. The manual covers eight sections of
information as follows:

Section | is an introduction to the Instrument. Elec-
trical specifications and accessories information is
given.

Section H covers inspections, power, mounting, pack-
ing, shipping, and connection.

Section Il outlines operating procedures.

Section IV discusses technical operations.

Section V contrains disassembly and repair procedures
and an in-cabinet performance check.

Section Vi lists replaceable parts.

Section VIl gives options and manual changes
information.

Section VIH contains circuit diagrams, component

locators and waveforms. Included are adjustment
procedures and troubleshooting information,

HOW TO ORDER

To order an operating and service manual, contact the

nearest Hewlett-Packard Sales and Service Office.
Give complete modet, name, and nine-digit serial
number. The serial number plate is on the rear panel,
Comments on this manual are welcome at any Sales
and Service Office.

Model 5065A
Manual Contents

iii



SORLEDIOS

BACK MOLUNT KIT

13 A

BEA an

e B

= R

£

it

: ibw«ﬁ withy Qption 000 (001~ 002 » E%f?%}

BT

ACCESSORY

BA

i3

(e
s

40 POWER COBD

H

M &“..3 geo




Moo
Theory, and Maints
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BELTION |

GENERAL INFORMATION

L INTRODUCTION

12, Drescription

1-3, . The Hewlett-Packard Model 5085A Fubidium

\iapar Frequenty Standard is a sompact, self-containeas

secundary frequenoy standaerd which uses an opticaliy-

pumpead Bubidium vapor gell a5 the referenos elemsnt,

A E MHz oscillator is gtabiiized againsta natural
atopic . regenance,. the hyparfine | transition  of
- Rugidium 87, This technigue produces a iong-tarm
- oatability of biber hen b 0T per month with

“mroshient shortderm. stabiity whish is consenatively

rated at owg than B x T0% rms averaged vl o one-
o Secnnd perisd,  Quiput Trequenmies are 5 Mg, 1 b,
anct 100 Rz

-4, Fronusnoy sefling forany offsel of the UTC time
reference is sacompiished by changing the microwsave
sxcitation freguency and the magaetic field applied
o oan BB vapor cell. Thumbuwbest swich controd
{of & gigitel faguenoy synthesizer) provides approxi-
smite gt adhmiment of the miconswave exitation fre-
Sguensy with o range of 100D partsdn 10 In addition,
the feont-panel BMAGKETIC FIELD control provides
for exaot adiustment of the BbY hypedfinge wanaiiion
with a resolution of 2 parts in 169

18, Gotions

g Acddigital cloak, QOpton 001, providas g ook dise
play and a one pulse pav eengnd {1 FES electical gutput,
Tha ook pulse may be retarded up o t-second in Hare-
mgrta ae small ag s oas large as 0%
spoand. I sddibon, g separme Cantrol provides gomtine
viang atigstment of clook-pueise delay fram - 10 1
srdurosecond

b Biandbey h;zwry Crtion 8, orovigdes a H-
_'_rszzmsts: minbreay) poswer sourcs (a 25}’ Cy i the evant
oof extomal soe power faflure. A frontpanel famp
coHlashes when ac powst g interrupied and lights cone
Houously dwing fast charge.  Charge rales s cone
bolled by a fw;;sr)sii‘ifji‘t front-panal - switeh;  FABT,
CHARGE-FLOAT, HESE

8. Cesult Cheoks and Ouipuls

0 The CIRCULAY GHECK swilch and meter provide
santingous morniioring of oulpls ang olber signals
Fha DONTINUGUS DPFEAATION amp gives an indi-
Cabion of corect operation. The & Mbg. 7 Mz, and
W mbz oanpub fevels are Bt least b ousll rms when
proparly arminaied with 84 ohms,

1-8. TERMINOLOGY

-8, Tha definiions of the following ierms
theae terms a8 wesd thisughout ths manhusl.

apply 10

a  ATOMIC TBME.  Tung scale based on ihe
hyperting resonancs of Cesium 1838,

B UNIVERSAL TIME (UT2). Tioe soals baged
on the earnth's voigtios aboul s oxig with oormsetion
for angular position Bl seasoral vartatinng, proceedds
at avate slightly maww mm Aoynle tsmsn

. UNIVERSAL TIME [COORDINATED) (UTC). A
pisemwibe uniform scals which approximates UTE
Gi-pecond by slop adjustmenty In phase as announeet
by the Bumac Internationat de PHeure in Pans,

g, HYPERFINE REBOMNANCE OF HLY byper-
fine rasonant Trequenty arising from e diference
it energy hetwean the upper and lowss ground siates
Of gbﬁ?

o AVER {flubidom Vapor Freguenoy Releronoel,
The sssembly which houses the BBEY lamo, fder ol
the R® gbstrption cel, and the hBarmonic genargion
raixer diods.

-1 SPEQIFICATIONS

=11 Table 13
the Muodet 30854

fiate the technicil spstifinations for

s

=18 Table U0 bBsts equiprmsnt supgied and Tabie
1.7 lets avcossories avaitable for the Model S065%8.

143, (NSTRUMENT EIENTFICATION

114, Mpwistt-Pagkard uses a bwoe-section rina-digit
serfal number {D000ADODGD mounisd on the rear
panal fo dentdly this insinament  Ths first four dighs
arg the sartal prafix and the asd fee digis refor 1o the
soanifle mstnarant H the seriad refis on yvour ingtru-
mant differs from Aad on the title page of thig
manugl, 3 ‘”MW et thie manual sod

your IngiruTe s arg documentad
i Baction Vi { garial prefixes are ooversd

By s manugl ohangs shesl inohaded with the manual
I ohis shoee! is missing contest the nearest Hawiotl-
Packard Sales and Servicg office {Bsls arg groviged
at the ranr of this manusds
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Model 5065A

Circuit Diagrams, Theory, and Maintenaﬁbe- -

Table 1-1. Equipment Supplied

Table 1-2. Accessories Avaiiable

version from
bench to rack
modet

Eguipment Description HP Part No. Accessory Description HP Part No.
AC Power Cable | 3-Conductor with 05061-6091 Standby Power | 24 Vde, 2-ampere | Model 5085A
ground pin Supply supply with 18
ampere-hours
ﬁ‘ccﬁzzsezn"y Kit 05065-6066 standby batteries
’ Cabie Connects 50654 103A-16A
Adapter Micon, male-to- 1250-0813 to 5085A de
male output
Extension Slides | Permits sliding 1490-0718
Connector Plug, female 1251-0126 and Rack instrument out 1490-0721
and titting from
Screwdriver Ceramic 8710-0033 rack-mounted
position
Gable Assembiy| Micon to BNC 05060-6116 Standby Power | 24 Vdc, 2-ampere K02-5060A
Test R
Supply supply with 12
; ~ ampere-hours
Board Extender | 15 pin 05065-6064 sealed standby
. ; batteries for
Board Extender { 15 pin, extra wide 05065-6065 flying clock
. . experiments.
Board Extender { 12 pin 05061-6073 Operates on 6,
12, and 24 Vde,
115 Vac/230 Vac,
*10%, 48 to
440 Hz.
Rack Mount Kit | Provides con- 5060-8740




. Model 5065A
Circuit Diagrams, Theory, and Maintenance

Tabie 1-3. Specifications

: 5065A QUTPUTS:

. Frequencies: 5 MMz, 1 MHz, 100 kHz.

Frequency Stability: Voltages Levels:>1 V rms into 50 ohms at 5 MHz,

1 MHz, 100 kHz.

Connectlors: BNC Front and Rear for 5 MHz,
1MHz, 100 kM2,

Harmonic Distortion; (5 MHz, 1 MHz, 100 kHz)
Down more than 40 dB from rated output.
Nonharmonically Reiated Qutput: (5 MHz, 1 MHz,
100 kHz) Down more than 80 dB from rated output.

Lohg term: £1 x 107" per month (maximum
Hmit of drift rate).

Short term™: for 5 MHz output.

Fractional Freguency Fluctuations Avg.Time (r}

<7.5x107¢ 1ms Signal-to-Noise Ratlo: For1and 5 MiHz,>87 dB
<15x 100 10ms at rated output {in a 30 kHz noise bw).
<1.5% 10" 0.1s ENVIRONMENTAL:
< Bx107? 1s Temperature, Operating: 0° to 50°C. Frequency
change is<z4 x 10 from frequency reference at
<1.8x 1072 10s at25°C.
~ : Temperature, Nonoperating: -40° to +75°C.
13
< 5x10 100s (With Options to 50°C.)
< Bx 10 1000s

Production Units Have Passed Type Test as Follows:;
HUMIBITY: O to 85% relative humidity.
VIBRATION: MIL-STD-167 and MIL-E-5400,
CURVE |, with isolators.

SHOCK: MIL-T-21200, and MIL-E-5400 {30 G's}.
ELECTROMAGNETIC COMPATIBILITY (EMC):
MIL-1-8181D and MIL-STD-461, Class A.
ALTITUDE: Frequency change is>5x 107 from 0
to 40,000 .

FREQUENCY STABILITY DUE TO:

Callbration Accuracy: Setat
factory to +1 x 10" of specified time scale.

Settability: £2 x 1072,

Time Scale: Set at factory to UTC unless specified
ditferently.

Tunability: Coarse Frequency Synthesizer Adjust-
ment: Range: 1000 x 107¢
Resolution:<2 x 10, thumbwheel adjust.
Fine Frequency Magnetic Field Adjustment:

Magnetic Fields:<5 x10 "2 for 1 gauss dc change
or 1 gauss peak ac, 60 £10% Hz and 400 £10% Hz.

Line Voltage:<4 x 1072 over specified input range.

Range: 2x 10° Resolution: 2x 10

MATING COMNNECTORS:
EXT DCinput: HP 1251-0126 (5-contact), Cannon
MS 310BE-145-53 (Series ME) furnished.

Warm-up: Within 1 x107%in 1 hourand 5 x 101
in 4 hours of final frequency after 24 hours “off”
time at 25° C. Units typically warm-up to better

than +2 parts in 10" of factory calibrated POWER: 115 0r 230 Vac +10%, 50 t¢ 400 Hz, or

frequency. 2310 30 Vde. —
Approx. power required:
*DEFINITION OF TERMS 24vdc 115 Vsae
Without Options 35 W 49 W
Short-Term Stability: Option 001 (Add) 75W 10w
See Statistics of Atomic Frequency Standards by Option 002 {Add) ow BW
David W. Allen, Proceedings of IEEE, Feb. 1966, Option 003 {Add) T5W 16w

p. 221, and HP Application Note 116 for measure-

i ment details. WEIGHT: Net, 34 ib (15,4 kg). Shipping, 51 1b
(23,5kg). Option 001, add 2 Ib (0,9kg). Option
: Settability:

002, add 3.5 Ib (1,6 kg).

The degree to which an osciilator may be adjusted
to correspond with a reference. Thisisalso
termed calibration.

WARRANTY: 1year, except 3 years for RVFR.

1-3
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Model 5065A .
Circuit Diagrams, Theory, and Mamtena

Table 1-3. Specifications (Centinued)
OPTION 001 TIME STANDARD AGING RATE: <i5 X 10-10 per 24 hours.
CLOCK PULSE: FREQUENCY ADJUSTMENTS: - .
Rate; 1pulse persecond. Rise Time:<50ns. Fine Ad]'ustm‘:ant: 5x 10°¢ range, with dial readings
Fail Time: <1 us.  Amplitude: +10V peak £10% goia':r.fﬂwsthem‘ 1 part in 108, screwdriver
Jliter: 5 ns rms are  Width: 20 us min. All specs adiustm enltu tf t- ar? ol IV rve
with 5010} load. Cutput: Front-pansl BNC, J atiront panet.
STABILITY:
SYNCHRONIZATION: Automatic to 10 £1us, delayed As a Function of Amblent Temperature: Fre-
from reference input puise (rear BNC). Manual quency change is less thatn 2.5 x 107 total from
adj. to £50 ns. Reference pulse must be>+5v with 0° to +50°C,

arise time<50 ns and width>0.5us. As a Function of Load: +2 x 107 from open

circuitto short, 500R, L, or C load change,
As a Function of Supply Voltage: +5x 10+ for
2310 30 Vdc from 26 Vdc reference, or for

CLOCK MOVEMENT: 24-hour LED Digital Clock.

115/230 Vac £10%.
OPTION 002 STANDBY POWER SUPPLY
DIMENSIONS:
CAPACITY: 10-minute minimum at 25°C after full
charge {incl. Option 001}. uores B shen I
. OreENSIONS N CHES AND Ll L:MEYERS) i ______i .
CHARGE CONTROL: Front panel, Fast Charge- v ow e o A P N s
F"IO&;’F’?ESet SWitCh. . a4 :a‘ mr’;;:negcss
INDICATOR: A front-panel light flashes when ac Top Y
power is interrupted and battery is being used. wE e
A continuous light indicates a fast charge condition.
OPTIONGOZ N VTRZDer (T R e
Combines Options 001 and 002 5 ez o
T e A ]
PERFORMANCE OF QUARTZ OSCILLATOR ONLY [U " 1 o
{Aubidium Controt Loop Open) P e —

1-4
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SECTION Hl

INSTALLATION

2-1. UNPACKING AND INSPECTION

2-2. 1f the shipping carton is damaged, ask that the car-
rier's agent be present when the instrument is unpacked.
inspect instrument for damage (scratches, dents, broken
knobs, etc.). if instrument is damaged or fails Perform-
ance Check, notify the carrier and the nearest Hewlett-
Packard Sales and Service office immediately (Sales and
Service Offices listed inside back cover), Retain the ship-
ping carton and the padding material for the carrier's
inspection. The office will arrange for repair or replace-
ment without waiting for the claim against the carrier to
be settled.

2-3. STORAGE AND SHIPMENT
2-4. Environment

2-5. Temperatures during storage and shipment should
be limited as follows:

a. Maximum temperature: +75°C (165°F), +50°C
(122°F) with Options 001, 002, or 003. Longterm storage
+35°C (85°F).

b. Minimum temperature: -40°C (-40°F).

NOTE {Option 002 Only)

When placing the 5065A in storage, re-
move the top cover and momentarily re-
move fuse F4 located directly over the
battery. Replace the fuse. When ac
power is reapplied, the hattery will be
automatically switched into the circuit.

2-6. Extended Storage

2-7. 1f the Model 5065A is to be stored for an extended
periad (longer than 2 months} or if immediate operation
is required after storage, then RVFR tube should have
power applied to it for the duration of the storage as des-
cribed in the following procedure.

2-8. RVFR Storage Procedure

a. Remove all power from B065A and remove bot-
tom cover.

b. Disconnect the red and black twisted pair of
wires from XA4(1) and XA8(1) respectively.

¢. Obtain a current-limiting power supply capable

of producing 100 milliamps (power supply voltage is not
important).

d. Before turning on power supply, place a short
across its output terminais.

e. Connect the power supply as shown in Figure 2-1.
The short shouid remain in place on the power supply
output.

f. Set power supply voltage and current controis to
minimum position. The precautions of stepsd, e, andfare
to prevent the filter capacitor on the power supply output
from discharging into the RVFR, :

g. Turn on Power Supply and adjust voltage high
encugh so outpu!t current can be set with current-limit
control. Read current on power supply meter.

h. Setcurrent-limit controf so supply cutputcurrent
is 100 mA.

i. Reduce voltage control setting so that it is just
above the point where further reduction would reduce the
power supply output current,

j. Recheck polarity of power supply connection to
red and black wires. This must be properly connected.

k. Remove short {rom power supply output to alfow
current to flow into the RVFR. Adjust power supply voltage
and/or current limit to bring current to 100 mA.

I.  The power supply should remain connected for
the duration of storage.
2-9. When the 5085A is to be operated again:

1. Disconnect the power supply and recon-
nect RVFR red wire to XA4(1) and the black
wire to XA8(1}. Check POLARITY.

2. Apply power to the 5065A. Follow turn-on
procedure in Section iH.

2-10. Packaging

2-11. To protect valuable electronic equipment during
storage or shipment always use the best packaging
methods avaliable. Your Hewlett-Packard Sales and Ser-
vice office can provide packing material such as thatused
for original factory packaging. Contract packaging com-
panies in many cities can provide dependable custom
packaging on short notice. Here is a recommended
method:

2-12. The original packaging procedure is to:
a. Wrap theinstrument in large ptastic sheet or bag.

b. Place the wrapped instrumentinto a “same-size”
carton (HP Part No. 9211-1102).

c. When the carton is sealed, install 4 polyurethane
foam, post-packs (HP Part No. 9220-1316) oneachcorner
of the carton.

d. Install boxed instrument into the final cardboard
auter carton (HP Part No. 9211-1101) seal effectively and
tabel properiy.

2-1



Model 5065A . .
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Figure 2-1. Electrical Hookup for RVFR Storage

WLTCR SELCCTom

vours s Y« s

= i Ao
POWER SUPPLY

100ma @
APPROX. 0.1Vdc

SEE NOTE 4

100ma  ——p
NOTES:

. See Note on Figure 3-1.

1. Oniy red and black wires need be connected to power.

2. 'Be sure polarity is.correct: RVFR “red.. wire is positive {+}, and “black”™ is negative.
3. Nominal voltage at red and black wires will be approximately 0.1 VDC.
A

p17 BLACK WIRE

RED WIRE

2-13. Alternate methods which provide effective protec-
tion for the instrument can also be used, however, the pre-
viously described method is considered the better one.

2-14. ELECTRICAL CONNECTIONS

2-15. Power Conneaction

CAUTION

The Model 5065A has the negative side
of its power supply grounded. When
operating with auxiliary equipmeni such
as an external battery or clock, check to
ensure that the equipment can be con-
nected together.

2-16. LINE VOLTAGE. The Model B085A can be oper-
ated from either 1156~ or 230-volt (£10%) ac power
lines. A slide switch on the rear panel permits quick
conversion for operation from either voltage. Insert a
narrow-blade screwdriver in the switch slot and set the
switch to expose the correct numbers to correspond
to the line voltage used (Table 2-1). The instrument is
supplied with a 115-volt fuse; change this fuse for
230-volt operation (Table 2-1).

IMPORTANT

Before connecting ac power to the
instrument, be certain slide switch is
property positioned for 115 or 230 volt
cperation.

Table 2-1. 115/230 Volt Conversion

Conversion 115Volts 230 Volts
Slide Switch Right Left
AC Line Fuse 1A ssio-ble 0.5 Aslo-blo

2-17. POWER CABLE. The Model 5065A is equipped
with a detachable three-conductor power cable. In-
stail as follows:

a. Connect the rcound, three-conductor female
plug to the ac line jack on the instrument rear panel.

b. Connect male plug {two-blade with round
grounding pin) to three-conductor {grounded) outlet.
Exposed portions of the instrument are grounded
through the round pin for safety;, when only two-
conductor outlets are available, use connector adapter
{HP Stock No. 1251-0048) and connect short wire from
adapter to a suitable ground.

2-18. Mating Connectors

2-19. Table 2-2 lists the Model 5065A front and rear
panet connectors and their respective mating con-
nectors. Not all connectors listed are shipped with the
instrument but are inciuded in the table as useful
information.for installation. ‘
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2-20. OPERATION AS BENCH OR RACK INSTRUMENT

2-21. The Model 5065A is shipped from the factory ready
for operation as a bench instrument. Parts necessary to
convert the instrument for operation as a rack-mounted
instrument are not supplied. When orderd separately,
Rack Mounting Kit is available by ordering HP Part No.
5060-8740. To convert for rack operation, refer to Figure
2-1 and proceed as follows:

a. Remove feet {press the foot-release button, siide
foot forward toward center of instrument, and lift off).

b. Remove adhesive-backed trim strips on sides,
just behind front handles.

c. Attach filler strip along bottom edge of front
paneti.

d. Attach mounting brackets to sides {larger corner
notch toward bottom of instrument, see Figure 2-2).
instrument is now ready to mount in standard 19-inch
rack.

Model 5065A -
Circuit Diagrams, Theory, and Maintenance

2.22, INSTALLATION LOCATION

2-23. The Rbp87 absorption cell in the RVFR Assembly
A12 is stightly sensitive to external magnetic fields. Avoid
installing this instrument near large motor-generators,
transformers, or other equipment which radiate strong
magnetic fieids of 2 Gauss or more.

Figure 2—5. Conversion for Rack Mounting

BOTTOM FOoT
COVER
FOQT RELEASE
BUTTON
= LARGER
NOTCH

TRIM STRIP
{ADHESIVE BACKED)

FLLER
STRIP

Table 2-2. Mating Connectors

o Connector Mating Connector Mating Connector |
Connector Description HP Part No. HP Part No. Description
Rear BNG Femate jack (J1, 1250-0140 1250-0061" BNC male plug, UGBS/
2,3,4,5
EXT DC, 5-pin male jack (J9} 1251-0111 1251-0126 5-pin female plug
AC LINE, 3-pin male jack (J8) 1251-1458 1251-2457 3-pin femate ptug
Front Panel OUTPUT Signat 1250-0102 1250-0061" BNC male plug, UG88/U
jacks (J10, 11, and 12)
1 PPS, BNC jack (J14) 1250-0102 1250-0081" BNC male plug, UGB8/U
Option 001 only
“These connectars not shipped with the instrument.

2-3



s

SECTION il

OPERATION

3-1. INTRCDUCTION

3-2. This section provides operating procedures for the
5065A Rubidium Vapor Frequency Standard. Tables 3-1
and 3-2 gives the basic turn-on procedure. Figures 3-9,
3-10, and 3-11 explain front, top, and rear controls and
connectors.

3-3. OPTIONS 001 AND 002
(Option 003 = 001 and 002)

3-4. Operating procedures for Option 001 {Time Stand-
ard} and Option 002 (Standby Power Supply) are covered
in Paragraphs 3-19 through 3-31.

3-5. OPERATING PROCEDURE
3-6. General

3-7.  Ininstruments equipped with Option 002, Standby
Power Suply, remember that the internal standby battery
is fully discharged when delivered and must be brought
to full charge (16 hours minimum) before it can deliver
rated standby power. Battery charging instructions are
included in Figure 3-2, Turn-On Procedure. For more
standby power, available accessories are the HP Model
5085A Standby Power Supply or HP Model K02-5060A
Power Supply.

3-8. Turn-On Procedure (see Figure 3-2}
3-9. Turn-On After Long Storage

if the 5065A has been in storage for tonger than 2 months,
there is a possibility of cell flooding occurring in the RVFR
tube. If after 1 hour of warm-up from initial turn-on no
2nd harmonic s present, then cell fiooding can be sus-
pected. The foliowing procedure should be used toincor-
rect cell flooding. .

a. Remove all power from 5065A and remove bot-
tom cover,

b. Disconnect thered and black twisted pair of wires
from XA4{1) and XAB{1) respectively.

¢. Obtain a current-limiting power supply capable
of producing t amp (pawer supply voltage is not important).

d. Before turning 0n power supply, place a short
across its output terminals.

e. Connect the power supply as shown in Figure 3-1,

The short should remain in place on the power supply
Cutput.

f. Set power supply voltage and current controls to
minimum position. The precautions of stepsd, e, and f are
1o prevent the fiter capacitor on the power supply output
from discharging into the RVFR.

Model 5085A

ircuit Diagrams, Theory, and Maintenance

Table 3-1. Operating Checks

CIRCUIT CHECKS

Switch Position

Meter Indication

Description

BATTERY

SUPPLY

LAMP OVEN

CELLOVEN

OSC OVEN

PHOTO |

5 MHz

CONTROL

ERROR

2ND HARMONIC

1 MHz

100 kHz

35-45
Option 002)

38-42

10-45

10-45

25-50

25-50

35-45
(no load)

-50 to +50

20-50

38-42
{no load)

3842
{no foad)

fevel

Indicates
battery voltage

Indicates +20
volts regutated
supply

Indicates
power tolamp
over: in RVFR

indicates
power to
absorption
cell ovenin
RVFR

Indicates
powerto
quartz OSC
oven :

Indicates
RVFR output
current

indicates
&5 MMz output

Indicates dc¢
control volt-
age to quartz
oscillator

Indicates fre-
quency dif-
ference
between RVFR
and micro-
wave field as

a dc voltage

indicates 2ND
HARMONIC
level

Indicates 1
MHz output
level

indicates 100 -
kiHz output
level
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Figure 3-1,

FVER Pumping

POWER SUPPL,

SEE NOTE

BLACK WIRE
ATZP1Y

st bmvn the cable soldered.
the gower supply.
Part Mo, JPIPT8AL

ROTE:  Instruments sebidl number 1732400781 and sbove do riot have B PY7AIYY connestor
fiv this case, dissonnest the wires angl connest direcily o
?e’?atmg Cannecioy for P17 is HP Part Mo, 12511113 {Winchesier

g. Turn on Power Supply and adiust voltage hign
snough s dulput current san be set with gurrent-limi
aoritrol. Hesd current on power supply mtter,

b, BEtourrest-limit comteod 30 supply Sutput current
i LA '

o Beduce voltage oonirol serting $o that i ig jus
above thepoint where lurther eduction wauld mduce the
powst auppiy output current,

i TRevheok polarity of Dowso gupely conneshion
ASRET. This must be properly Connsctst,

k. Remove short from gower supply ¢ :
purrant o fow into the BVER. Adliust povest supn i y =~~;¥a\;<,
ancioy ogreent Bmil to ring corrait o 1A

Lo Fecunnegt 30854 ro AL Hna. 56 front ganal
BACEME switoh o LOUHY OPEM, meter swilohyin 2nd HAR-
MOMIC, Allow power supply ang BOMEA 1o operate
CHnOusly.

e Wihin 12 1o 48 hours signad should begin to
appmer Do PND HARMONIC mater, MOTE: the quarts
a8 uiirﬁar oo the S065A must be within glowt 1% 107
af & Mz for ihe signsd o appesr, 17 possible, st the
%0&;»’1\ gacitlator againgd @ reterenos stangacd batorg

v Dhsck ZND HARMOMED meler roadin

sor iy unl resding s greaterthan oy

sreiaent, Hothis does ot anourwithin 15 dave then famcde
iy i not the problens,

gs Iwine

. When ehscking SR HARMONIC muter reading
gl record mater reading in PHOTO | posi

po Whan ZND HARMOMIO regding Is mmtdmunm ¢
groaier than 10, remove gowser from S0858A. Remave pows
sugply-conngction, and resonnect red wire to XAG T
the Blaok wirg o XA8 1

9. Beplacs bottom coivor and moonnast AC pows
1y GDBAA. Tha BOBSA internal cirouit witl now oplimiz
he rubidium in the RVYFR Operate the 50884 condin
sausly tor :mou% Foawpek, The PRI BARROKID readimn
shopuld stabitizn, fthp meter stabilives ab greater han ¥
thy instrum mzs can b returned 1o servige, 1 e reagdin
i5 tess than 25 pedoim sdiustrments dessdbed o pars
graphd 5-24 thry 5231 in the 50854 Operating and Barvic
Whsrsaal, '

313 FREGUENDY OFFSEY AMD CALIBRATION

211 The Pubidivm Mapors Froguensy Sianderd 5

sgoanary frenuenoy standard with a specified long lem
stabiity drift tesg than 1 gart in 101 per month.

318, Ower g pariag of Hme it may be necesesry |
check tha offsat that has acorund sinog lawt calibratio
angd recajibrale e instrument 1o a primary fraguens
starsiard,

343 Fregueoey adiustment can b mmde gfter deta
rening the frequency enrgr with respeet {0 s relarpns
Frant panst MAGHNETIC FIELD control s then adiusty
rod corrent any freguenny ofisel
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Figure 3-2. Tum-On Procedurs

Set regr 11230 Van switch I cormapdng with wanip, e B0ELA v within approximately 1
line volags used, part in 109 of tha UTO Time Scals and within
BppFoxim & parks in 107 afler 4 hours.

Sheck that funchon switeh i3 aat af OFER ang
OB0 FREG FINE §s set st 280 31 zhould remain
i1 this pos ;éxmdams«;m;ma% sparation,

Connpct ad pows Dorg (subpiied) between raar NOTE
a faok and a0 Hoe power, -

. B OCONTINUOUS ORERATION lamp goss off
Chy unils sguipped with *"W'm“ 02, Standby after instrument by warmied dap, the CIRGUIT
Powar Supply, press BATTERY switoh to BESET, CHECK metey switch shoold be st o the LAME
then  swilch 1o FAST O %Rf’“ Metey that CVEN ard GELL OVEM pogitions.  1f githar

BATYERY fgmp comas on [ ag line powey failg, mster indication i full the nsfrumend

ths HATTERY lamp will p lw* shomfd be tumed off imone r‘? émy H oot the
HYFR pradsdhy conpid b

Ablopee PPy wearnhsp and then prigs ATART/

AUTO o START momentarity. o anits equinped o
with Q‘;ﬁi«"ﬁ" 0%, g medhanics SR orevans

Dlaoing s ewileh gt ALITO START

{‘}‘ . =
LEOMEHC BESET CONTIRUOUS OPFER- # aué,m af Fi hours.
W lamp should coiie on to indinate that BATTERY switch to
‘W.zw“";rw tieliing fesdback kop In lecked trickis chimge
Horeat, refer to Saolion W, Lse 5058 isag on
Ceuingts, B After 24 howrs ruoning Hme, thermad esue
prium i eslablished snd mater roadings are
stabilived,  Hobtate CGIRCUHT OMECK swiich
s ;mci through 4l somtions angd record readings on the
ciorsr shark,

s to st ohorge for
A1 e sngd of ?he,; tirng, got
COAT fora oontinuous

Py

Fastate  CIRGLE “f' CHECE
..-;\h.n{ kiar me ?1‘ :
ot oh

Matisn in

e Paragraph S0
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Table 3-2. Front Panel Lamp Indications

DESCRIPTION

FRONT PANEL LIGHTS
INTEGRATOR CONTINUOUS
LIMIT OPERATION
OFF ON
ON ON
ON OFF
OFF OFF

Indicates Normal Operation

indicates quartz oscillator is locked to resonant frequency
of RVFR but oscillator has exceeded one-half its control
range. To correct this proceed as follows:

1. Set CIRCUIT CHECK switch to CONTROL.

2. Adjust OSC FREQ ADJ COARSE control for zero on
CIRCUIT CHECK meter. NOTE: this adjustment
may cause CONTINUQUS OPERATION lamp to go
off. If this occurs, momentarily press LOGIC RESET
button. CONTINUCUS OPERATION lamp should
come on and stay on.

Indicates one of the following troubles:

1. Quartz osciltator control limit has been exceeded.
To correct, set CIRCUIT CHECK to CONTROL, ad-
just OSC FREQ ADJ COARSE for zero on CIRCUIT
CHECK meter, then momentarily press LOGIC
RESET.

2. Synthesizer Assembly A1 faiture.
Press LOGIC RESET switch, if CONTENUOUS OPERATION

lamp does not come on, ook for one or more of the
following troubles:

1. Quartz oscillator not locked to Rubidium resonance.
2nd harmonic signal too low,

Fundamental signal too high.

> Lo

Cell or tamp ovens not operating normally. Check
CELL OVEN and LAMP OVEN on CIRCUIT CHECK
meter. |f meteris maximum TURN INSTRUMENT
OFF.

Synthesizer failure.
6. FUNCTION switch notset to OPER.

3-14. The two following calibration technigue measures
the changing phase relationship between the 5065A
5 MHz output and a primary frequency standardd (HP
50614 Cesium Beam Frequency Standard or equivalent)
§ MHz output over an 8-hour period. Either procedure
may be used and both are equally accurate. The phase
changeis converted to frequency errorand thenecessary
MAGNETIC FIELD adjustment is set in.

3-15. The procedure is divided intg two parts; Table
3-8 lists recommended test instruments and equipment.

3-4

However, items with equivalent specifications may be
substituted.

a. Calibrating the measurement system.

b. Performing the error measurement.

3-16. Calibrating the Measurement System: To calibrats
the system for phase error measurement, proceed a
follows:

a. Connect equipment as shown in Figure 3-5.

p. Set HP 8406A FREQ RANGE to agree wit
input frequency (5 MHz), .




Figure 3-3. Magnetic Field Controf

> ‘Model 5065A
Circuit Diagrams, Theory, and Maintenance

Figure 3-4. Error Measurement

c¢. Zero HP 8405A PHASE meter by crankingin
necessary offset with METER OFFSET control and the
red ZERO knoh.

d. With the meter zeroed, set the RANGE switch
at +6. Recenter the PHASE meter with the red ZERO
knob.

. Set strip chart recorder range to .5 volt. Set
pen to chart scale center with recorder zero control.

f. Set HP 8405A phase range to 180 and change
METER QFFSET by +180°.

g Adjust 10k ohm pot for fult scale pen deflection
onrecorder.

h. Change METER OFFSET polarity to (-) using
the center knob of the METER OFFSET CONTROL. Pen
shouid move to opposite chart edge. Make required
fine adjustments to record zerp and 10k pot for full
scale chart deflection, The recorder is now calibrated
for 360° or 0.2usec fuli scale.

3-17. Frequency Difference Measurement: To perform
the ftrequency difference measurement, proceed as
foliows:

a.  Connect equipment shown in Figure 3-8.

b. Set HP 8405A Vector Voltmeter
RANGE to 180° and METER OFFSET switch to 0.

¢. Determine frequency error A/f using the relation-
ship At_af
to

PHASE

d. Since chart calibration is 0.2 usec fuil range (at
S MHz), error in proportional parts can be determined
from the strip chart record as iliustrated in Figure 3-4.

Example: Assume instrument under test has a
phase change (over a 7-hgur measurement period)
of 0.1usec {recorder half scale)

At O.1us 1x107s

= 3.96 x 10-"? freq. diff.
t 7hrs 2582x10%

e. Since one miner division of the MAGNETIC
FIELD adjustment changes the 5065A frequency by 4
parts in 1012, in Figure 3-4, the dial would bechanged one
miner division. During the phase measurement a cw
movement of the HP 8405A phase meter indicates the
5065A frequency is higher than the reference standard
and a ccw movement indicates the frequency is lower
than the reference. If the MAGNETIC FIELD adjustment
is at the end of the range:

i. Set the Magnetic Field adjustment to 5.00 and
measure the frequency offset again. This is the
“desired change in offset” {tem 2 in Table 3-4.
See Table 3-6 for an example of this cafculation.

f.  Increasing the MAGNETIC FIELD setting
increases the 50B5A frequency and decreasing
this setting fowers it. Make this adjustment as re-
quired to align the 5065A with the reference
standard.

g. After the MAGNETIC FIELD control has been
reset, another phase comparison will show if the adjust-
ment is correct, or if another adjustment is needed.

3-18. FREQUENCY COMPARISON USING K34-53991A
LINEAR PHASE DETECTOR

a. Connect the K34-5389831A QUTPUT terminals to
a HP 680 Strip Chart Recorder or equivalent. Set recorder
for 1V full scale and 1 in./hr. and turn on recorder.

b. Connect K34-53931A 1o line power and turn on
the power swich.

3-5
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Table 3-3. Frequency Ofiset Change Instruutions

(&3]

Femove instrument top cover and note setting of
TIME SCALE thumbwheel and position of HI-LO
switches, Record this information in ftem 1,

NOTE

Be certain loinciude the correct algebraic
sign [+ or - with the numbers used in the
foliowing calculations.

Locate thumbwheel switch setting in Table 3-7
and record the corresponding Offset X 10-10valug
n ftem 1 under Offgel (= 10-103,

Record the desired change in offset under item 2
in the space provided.

Algebraically add the sum of {tem 1 and ltem 2
(Offset X 10-101 and regord the total in tem 3,

Locats the nearest Offset x 10-10in Tabte 3-7 that
corresponds to the total offset recorded inftem 3.
Record this offset, s corrgsponding TW switch
setting, and HELGO switch selting under Ham 4 in
the appropriate spaces provided.

Atgebraicalty subltract ttem 4 from Hem 3 and
racord this remaining Freguency Offset in tam &

Di\m & the remainder recordad inftem § by 2 and
record the answer in Ham 8,

NOTE

waal tm-f .*,C'e(m
by MAGHNE
i i
frod satting.

r\f..y wﬁ&;&n i m \.Ut‘!t,(.\e:?d
GCOOFIELD ADJUSTMENT
wel MAGNETIO FIELD con-

fromt pan

MNote prosent front panet MAGNETIC FiELD con-
wf:z% .eeumg angd recaord this satting in ltem 7.

g

0.

1.

12

Atgebraically adgd the new MAGNETIC FigLD
control setting from the setting recorded inltem 7,
Record this tolal in Item 8.

NOTE

I the addition performed in Step 9 gives a
negative number or a number greaterthan
10, the synthesizer setiing selected in
ltem 4 must be changed. Select the adja-
cent offset from Table 3-7 closest to totat
otfset recorded in lterm 3, and record this
new intormation in ltem 4. Repeat Steps 5
through 9 using the new dafa. :See
examiple, Table 3-4.;

‘t

Record ltem 4 and lHem.8 mformation in sp:vace%
provided under item 9.

Sel Synthesgizer Assembly Al TIME SCALE
thumbwhee} swilch 10 the new selling recorded
in ftem 8a.

Set Synthesizer Assembiy Al HI-LO switeh o the
position recordad i ltem 8h. Replace instrument
Lo cover,

-

Addiust front prapel MAGNETIO FIELD control 1o
the seliing rec ‘orded in ltem Yo Then parform
Fraguency  Offset and Caiibration (paragraph
3-10 again to align the 50654 with the retersnce
slandiard.

Set front panet CIRCUTT OHECK switch to CON-
THOL and slowly adjust OSC FREQ COARSE
cantrob tor CIRCINT CHECK meter indication
nf

fCONTINUOUS ORERATION lamp is off, wati 2
minutes, then momentarily press front panel
LOGIC RESET button. CONTINUQUS OPER-
ATION farmmp should come on and siay on The
50654 offser has been changed and the instru-
moent i operating normalily,

3-8
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Table 3-4. Typical Freguency Offset Change, Sample (Insufficient MAGNETIC FIELD Controb)

ITEM

QFFSET (x 1079

TWSWITCH SETTING

settings {see Table 3-7 for corre-
sponding frequency offset

2. Desired change in Offset
3. Sum (item 1)+ {item 2}

4. Nearest synthesizer selting
(Table 3-8)

5. Remaining ofiset to be adjusted by
MAGNETIC FIELD control

&, Change reguired in MAGNETIC
FIELD control setting

7. Present MAGNETIC FIELD controf
setting

8. New MAGNETIC FIELD control
satting

4 HNew offsetseilings are:
a. Bynthesizer TW switch
b, Synthesizer HI-LO switch
. MAG FIELD control

t. Present synthesizer Assy TIME SCALE

-183.770

-1 %1078

~173.770

-172.789

-.98

8614

8238

{~173.770: -

{tem 3) -

ltam 5
——

-491 4

item 4

tam 4

ftem &

HE-LO SWITCH
Hi
|
-172.789;
{ltem 4)
98
2
(5,00
8238
Hl
4,51

CESIUM 85 AM \
FREQUENCY
STANDARD

HP 5061A

5MHz

Ficure 3-5 Equipment Setup for Calibrating Phase Measurement System

VECTOR
VOLTMETER
HE B405A

!
|
i

4 =

/

RECORIER

T % lown STRIP CHART

HFP 680

L0284 ADAPTOR

500 100G

37
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vena! Frequeney Ofeet Change, U3 10 (lige

s 3R

IThed OFFSET {3879 TW SWITOH SETTING

o Fresent synibesize Asay TIME

BUALE settings (see Table 3-9 for
corrgsponcing requanoy aifsel)
2. Destred changs in offset
3.0 Surn (Merm 1)+ filam 23
.
4. Mearest gynthesizer ssthing )
{Tabio 3-8} .

B, Remaining oflastio beadiugiod by
' MAGNETIO FIELD contro

& Ohapgeremnrsd B MAGHETID Bam 5

FIELD ponteo! setting s

e

Frosad MAGKET IO FIELD control
setting

8. Mew MAGNETID FIELD controf
e {

G Maw olftstastiings are:

L g e i LB
#o Synihessizar TW swieh

a4,

Byathegizer ML swiich

Eey
3
2

Ham 4.

oo MAG FIELD control Hem B,

Hum By (e

-
{

(e 33 - (em 4}

;

s RO b

Figurs 3-8, Egulpmend Setup for Fraquensy DHfference Measureram

2 A ISSLATOR i

AN : Lo
§ HEGANNA 5 fw

POHANNEL 8

|

PR, AYOR




¢, Connegt a referance § Mz 10 HNPUT A and the
ABEEA b Mz ouipul to INPUT &

g, Set"Zern- Opes-Full” front panst mounied woogote
switch o "Zerg”, Adust "Zero Soale” control for & zem
soaby trace on recovder,

e, Set swiich (0 "Full” and adiust "Full Soale” contrl
for a full scale frace on recorder

f Check both "Zere” snd *Fall Scale” pinpuits and
reradiust If necessary. '

g The recorder witl now provide a contingous rea-

cond of frequensy compariaon and will be automatically

reset when the eeorder pen reaches zera of fuibacale
pasition.

h. With the recorder set for 1 voit fuit agale and

% irsd b, the phase difference recorder will e 0.2 useg
fu t wale wﬁh ‘i MH m’m? ZenFigure 3-4 toran exame
""" giursment uiiar thage

:("f?ndit}ﬂﬁs

319, UPERATION WW% THEE STANDARD

o on 03 {ar 903}

3%56. Option 301 provides Mods! SOB54 with a one
ptsk-persacind olock output, The divider grive i an
itarnaity connseted 1 MMz signal om A8 freguenoy
Divigar Assembly, TIME BELAY controls ars inoatod oo
e A5 Sssambly and cao be seen with e 10p nover
removed. The TIE DELAY six thumbwheel swilch con-
. trols the phase of he clock-pulse output froms 1 misro-
L wepon 101 geond win rmapect 1o an exiernal relorenoe
U Ths 0-1 microssetihd TIE DFLAY screwdciver adjusi-
mant allows fne adiustment over ary 1 omi RSl
Tartion of the Hambwhas! settings. '

The time standard Hption inoisdes a R bhour, LED
é,iwc,k ,ﬁssemhw CAE w@s (*r; ;r'du ales Hme 0

Aaae mﬁ!y ,ém mwabm
nfprosyd referenos

t%‘@» ;m%:rwrtars g iu %ym

! red, The digital olook i
pragsing the SEY pushhutton, SLOWFAST gy
HOLDY pushbutton o

wwatowd 08 raar of Clodk,

s iy
tohy ann

322 BETTING THE CLOCK PHASE TO AN
EXTERNAL CLOCK

The phase ditference pestwesn the 50854 1-PPE
sutput and an gxiarnal retorenos Clock may e 96! 10 any
ol point belwesn ooinghience and 1 sscond by
& e foiltaying progedute. The teshnigue uped will
oo i Mods! S0654 application ang individus!
HeF o arrieis.

3. Automstic Synehronization

Dodutamatis
andd the intem

WEROR, Orocaed as

¥ oaynshronize e LRPED gt
cho el wilh an axternpt 1-PRE

faallorwes

o B Model SU65A
Ciroudt Diagrams, Theory, end Maintenanos

. Remove the top Sover for acgess 10 TIME DELAY
sortraly,

ke, Rotate the §-1
mur ow for m

H ?\»‘3'?-" DELAY control magi-
i deday ol not overtighlens

oo Bt the TRAE DELAY thumbwhes! switches far
{he desired Yme dalay of the glock pulse. Thethumbwhest
switches read dirgolly, However, theres a 8-11 paag huilt
in delay m the digital divider clrouit whioh ghould be
added o the tme-delay caleutation,

g, Connset e reference puise 0 the rear-B8YMG
INPUT iack irrasgt be greater than +BY with less-than
&G mmm%onda rime-tim and a wigth greaterthap™
0.5 us N

hold down Bt beast 1%5%0%{5. ’2"h_~;g_ ;;wct QECK »;;f the: choek

St witl be delayed aceording o the setling of the
tharmbwhise! swiiches plus the B4

BNt msiét&in ﬁf«* :,w"
Feor more presise sdjostment of e delay, th
TIME DELAY provides condinuous deday adi
-1 psen.

: :}%- fmm

£ Whaen the clovk puise is synohronized, e dighs
ohpek with advanoe In synohronism edth the instromend
1PPE,

g, Fora gelay of lese tharn 13 pses, the thumbahse!
switches are first set st ¥90 880 Than the thumbwihoeel
apiting is deorpssed 88 vequired and fingl adiugiment is
mradde with the (ta 1 aseo TIME DELAY gontrol. Lise an
arcangement e that of Figure 3-8 0 ancuratisly e
tme intervals between the two 1-PPE pubses. For shio
deday intervaly, use an osoilloscope, For lovger delay
intervals, uge the optional counier aoarmarment

3-28. Manust Synchroniration

T

27 U the referencs pules dogs not mest 1he regudregs
mriis for aparaiion <H} pancsacongd rise
e, ard wiiih >0 8 gaeny, maﬂ? s baohiniguie of Figurg 3-8
fo memaure Hme inlervals Sel By »f é‘w \é‘}%n
T-PEE outpul 88 repires with ¥ Hisrnibe
whost switohey and -1 yse fodetay
intervals, use gn oug CFor fargyy dalay indaresis,

g e opticnad sounisy arrangement

28, Seliing the Clook

# Remove igp cover

b Eet hours, miinotes, and saconds by plang he
SLOWFART taggle switch at FAST and momeniasthy
depress e SET pushbuiton for rapid adeanoe of he dis-
O and prass 3BT push-
dsplay. -

piay. Place logoale swiltoh to 3
bBution tor siow advangs of the

e Sed seooniy on ine
srice ook, and b

FHL D
al fgs th

the mslrument LoD oover
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3-8, Uffset Freguancy Sottings

CHfsat
{x 107

Syrithesiger

Thumbwihzel

Setting

Fremuancy

Bynthasizer

L0 Swiich
Seting

{Hiset
{3 1y

Synthesizer
Thumbwhast
Satting

Bynthegizar
Fraguency

~L A3 ”:swﬁa,%i

1000618
-SHETHS
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~S70.604

058700
- ~@50573
~Q40.728
~830 (51
ts911.851
~CREDR
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LT eRY
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REPRLY:
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Figure 3-7 Internal Meaguremendt with Automalic Synalvonization
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‘osciflator output is stabilized, first by comparing
F'MHz output in a frequency-synthesizing and

Oscillator Assembly A10 generates the 5 MHz for
.Multiptier where § MHz is: (1) phase modulated at
Hz, "(2) multiplied to 60 MHz and, (3} combined
with the synthesized 5.315. . . Mz after multiplication
60 MHz. The 5.315. .. MHz is derived from 5 MHz in
A frequency-synthesizing process. The combined 60
- MHz and 5.315. . . MHz signal goes from A3 Muitiplier
" 0 the harmonic generator step-recovery diode in A12
RVFR (Rubidium Vapor Frequency Reference) Assy.
The harmonic generator/step-recovery diode couples to
.- the Rb¥ absorption cell which is housed in a microwave
- Cavity tuned to 6.834685 GHz, the RbY resonant fre-
quency. In the harmaonic generator/step-recovery diode,
._.5.315 MHz phase-moduiates the 114th harmonic of
: to produce the 6.834685, . . GHz lower sideband
ch. matches the microwave cavity resonance and
'3 energy level transitions in the Rb® gas.

48, Figure 4-3 shows the Rb# absorption cell which
oontaing the Rb¥ gas. A 100-MHz oscifiator in A12
RVFR Assy drives the lamp filled with Rb® gas. The
FBsulting light output passes through the Rb85 filter cell
. and the Rbw absorption cell, The light cutput of the

ﬂb“ﬂ?bsomtion cell is menitored by a photodiode.
b* photo excitation is removed in the Rb® fitter ceil
Mave undesired transitions. When the Rb¥ gas is

" Mode! 5065A ~
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SECTION 1V

THEORY OF OPERATION

excited by the 6,834685. . , GHz microwave field at its
resonant frequency, it increases in opacity to reduce
light transmission about %% as iflustrated in Figure 4-1,
This phenomenon permits using Rb® gas as a fre-
quency reference. Phase modulation at 137 Hz (in A3
Muitiplier} produces a sinusoidal scan of the excitation
frequency. As a result, 2nd harmonic 274 Hz appears
in the photodiode output when “on” frequency and
fundamental 137 'Hz appears when “off" frequency, as
shown in Figure 4-2. For example, as the 6.834685 . . .
GHz excitation is steered towards the Rb¥ natural
resonance by the feedback action of the frequency-
controf system, second harmonic appears in the photo-
diode output is mostly 2nd harmonic 274 Hz with a
smalf amount of 137 Hz.

4-7. Temperature control of the RbY lamp and ab-
sorption cell in the A12 RVFR Assy is accomplished
by temperature control circuits in the A11 Temperature
Control Assy working with temperature sensors and
heating elements in A12 cell and lamp cvens. Oper-
ating current for these ovens is monitored in the CELL
OVEN and LAMP OVEN positions of the CIRCUIT
CHECK switch. The A10 QOscillator Assy has ifs own
temperature-control circuit for the & MMz quartz oscil-
lator. Operating current for the oscillator oven is
monitored in the OSC OVEN position of the CIRCUIT
CHECK switch,

-

Figure 4-1. Rubidium Absorption Piot
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Figure 4-2. Rb¥ Absorption Cell Quiput
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4-8. The A12 RVFR photodiode output is appiied to
A7J1. This signal contains a fundamental frequency
of 137 Hz, a second harmonic of 274 Hz and is pro-
portional to the frequency error. The composite input
signal is amplified and then the 137 Hz and 274 Hz
signals are separated, filtered and amplified. The 137
Hz oufput at A7("Y") is connected AB(18) and the
274 Hz output at A7{("WBO™) is connected to the 2ND
HARMONIC position of MI via A17(13).

4-8. In A8 Phase Detector, a reference 137 Hz signal
is compared in phase with the 137 Hz input signal. The
resulting dc output is either positive or negative de-
pending on the phase of the 137 Hz input. Also, the dc
output amplitude is proportional to the 137 Hz input
amplitude. This dc output goes to the ERROR position
of the CIRCUIT CHECK meter and to A8 Integrator
Assembly.

4-10. in A9 Integrator Assembly, the dc¢ error signal is
amplified and integrated to slow feedback loop response.
Connecting to this assembly is the FUNCTION switch
which opens the control loop so that the A10 Oscillator
can operate independently. in this LOOP QOPEN
position, A3 cutput is shorted o the input and the error
signal is not amplified. With the FUNCTION switch at
OPERate, the amplified and integrated d¢ control volit-
age connects 1o a varactor diode in A1G quartz oscitlator
circuit to correct the 5 MHz output frequency.

4-11. One 5 MHz output from A10 Oscillator is routed
through a power amplifier in A3 Multiptier Assembly to
A13 Buffer Amptifier. In A13 module, power amplifiers
feed A1 Synthesizer and the front and rear 5 MHz output
jacks. The second 5 MHz ouiput from A10 Osciliator
supplies A6 1 MHz Frequency Divider,

4-2

4-12. The A6 1 MHz Frequency Divider processes 5 MHz
in a regenerative frequency divider to produce 1 MHz,
One MHz outputs go to the front and rear 1 MMz output
jacks and also to A4, 100 kHz Freguency Divider. A
start circuit, which includes the START-AUTO-START
switch, provides for manual or automatic starting of the
regenerative divider circuit. Another A6 output is 1 MHz
from a buffer amplifier which feeds the A5 Digital
Divider Assembly.

4-13. The front panel START-AUTO-START switch per-
mits manuat starting so that frequency-divider circuits
will not restart automatically. In the AUTO-START
position, this switch provides for automatic restarting
of divider circuits so the S085A instrument can serve as
a frequency source. When the Option 001 Time Stand-
ard is installed, a mechanical lock prevents using the
AUTO-START position.

4-14. The A4 Frequency Divider processes the A6 1 MHz
output through a decade divider to produce 100 kHz at
front and rear 100 kHz output jacks

"

4-15, OPTION 001, TIME STANDARD

4-16. Time Standard Option 001 consists of A5 Digital
Divider, A16 Digitai Divider Power Supply, and the front
panet mechanical ciock. The A5 moduie processes 1
MHz to produce digitally delayed 1 PPS output pulses.
A SYNC INPUT jack at the rear enables the user to
synchronize with an extternal reference. Incremental
delay of the 1 PPS cutput is set by the TIME DELAY
thumbwhee! switches. Continuously-variable delay of
the 1 PPS output, that is processed by the A18 moduie
for a “tick” pulse output at the front-pane! 1 PP3 jack,
is set by the 0-11sec TIME DELAY adjustment.

4-17. An additional A5 control is the SYNC switch. To
synchronize the 1 PPS output with a reference pulse, the
SYNC pushbutton is depressed for at least 1-second and
then released. if a sync puise is connected to the rear
SYNC INPUT jack, one reference pulse wili enter the syn-
chronizing circults during the 1-second interval. This
pulse will reset the digital divider. The output 1 PP§ “tick”
pulse frem the 1 PPS front panel jack will then be in sync
with the reference puise.
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p 4-18. Two 1 PPS inputs connect to the A16 Digital Div- Table 4-1. Logic Signals

@ ider Power Supply from the A5 module. One input pulse
is shaped in a blocking oscillator and then amplified to ) Non-Operational
provide the front panel 1 PPS “tick” output. The other Signal Condition

1 PPS input triggers a flip-flop stage which provides
clock-driving pulses. The flip-flop output drives push-pull

amplifiers to pulse the front-panel clock at a 1 PPS (or a. Synthesizer Lock When present
10 PPS) rate. Signal

b, AC Amplifier 2nd When absent

Harmonic Signal

¢. Phase Detector When too much signal
4-18. The A14 Logic Assembly monitors several key Fundametal Error
points in the 5065A circuits and turns off the CONTIN- Signal
UQUS OPERATION lamp to indicate an operational
discontinuity when one or more of the logic inputs in- d. Cell Temperature When cell oven is full
dicate a “non-operating” condition. These legic inputs Signal on or turned off
are shown in Table 4-1. In addition to the CONTIN-
UOUS OPERATION lamp output, the Logic Assembly e. Lamp Temperature When lamp oven is
delivers an INTEGRATOR LIMIT tamp output when the Signal full on or turned off
A9 integrator output exceeds 50% of maximum. After
an operational discontinuity, the LOGIC RESET switch f  Function Switch When present with
resets the CONTINUGUS OPERATION lamp when all Signai Eunction switch at
logic inputs are “operational.” LOOP OPEN

standby battery is charged as desired in either FAST
CHARGE mode or a FLOAT (trickle charge) mode by
a constant current charging circuit. The front panel
BATTERY lamp puises on and off to indicate a line-
power discontinuity. With the BATTERY switch at
FAST CHARGE, the BATTERY lamp glows steadily.

4-20. OPTION 002, STANDBY POWER SUPPLY

4-21. Standby Power Supply Option 002 automatically
cuts in battery power if there is an ac {or d¢} line in-
terruption; for exampie when the unit is moved. This

is accomplished by floating the battery across the 4-22. The FAST CHARGE position of the BATTERY
power suppiy so that the battery takes over should ac swilch is used to recharge the battery after discharge.
i {or dc) tine power fail. This option consists of A2 After charging in the FAST CHARGE position, the
| Battery Charger Assembly, the nickel-cadium battery, BATTERY switch is set to FLOAT, for a trickle charge
and the BATTERY switch and famp. The nickei-cadium to maintain battery charge. -

Figure 4-3. RVFR Assembily Biock Diagram

ABSCRPYION
SPECTRAL FILTER :I%Lﬁlé::\?s
LAMP CELL R
CAVITY Sgﬁtli

RF OSCH.LATOR
HOO MH2

6.834,685 GHx

.
2




