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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 I 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 product is warranted against defects in material and workmanship for a period of 
one year from date of shipment, except that in the case of certain components listed in Table 1-3of 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. Outside 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 shipping 
charges, duties, and taxes for products returned to HP from another country. · 

LIMITATION OF WARRANTY 

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

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. 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 amstance agreements are available for 
Hewlett-Packard products. 

For any assistance, contact your nearest Hewlett-Packard Safes and Service Office. Addresses are 
provided at the back of this manual. 
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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 I is an introduction to the Instrument. Elec­
trical specifications and accessories information is 
given. 

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

Section Ill 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 VII gives options and manual changes 
information. 

Section VIII 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 mode!, 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 . 

Modei5065A 
Manual Contents 
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Mode! 50D5A 
Th,;ory. and f,.t.,.mbnance 

SECTION I 

GENERAL INFORMATION 

1·1. INTRODUCTION 

H!. Description 

1-3, The Hew!ett .. Packard Model 5065A f1ubidiurn 
Vapor Frequency Standard is a compact, se!f~contained 
secondary frequency standard which uses an optically­
pumped Rubidium vapor cell as the reference clement 
A 5 MHz oscillator is stabilized against a natural 
atomic msonanco~ the hyperfine transition of 
Rubidium 87. This techn[que produces a long-term 
stability of better than 1 " 10·-n per month with 
excellent short-term stability which is conservatively 
rated at less than 5 x 1 o····'i£ rms averaged over a one~ 
second period. Output frequencies are 6 MHz, 1 MHz. 
and 100 l< Hz. 

iw4. Frequency sottiog for any ottsot of the UTC time 
ref-erence is accompfi.shed by chanplng tho microwave 
e.xcitation frequency and the magnetic- flo!d appHBfJ 
to an Rtf' vapor celL Thumbwhoel swltch control 
{ot a digito! frequency synthesizer} provides appr-oxi­
mate step adjustment of the microwave excitation fre­
quency ,,vith a range of 1000 parts in 10H-'_ !n adDWon, 
the front-pane! MAONET!C FIELD control provides 
tor exact atljustnH?nt of the FH:/'~' hyperfine trans!tion 
'."lith a resdution ot 2 parts in 10v, 

a. ,A digihil clocK, ()ption 001, provides a c1ock dis~ 
play and a orF'J f)U!sc pet second 1 PFS eiBctdcn! output 
The c!ock puis<J rnay be retnrdr~rJ up to 1-~<E.•cond in incn> 
rn<rlnt~ a~; smal! Ets '!-rr:icrosccond and ;1s iarqe as 0.1 
second fn addih:;-n_ a -:;epo.rilW cnntn:A provides conrin· 
uou:s adju::A.rn :n\ ni cic;ck--pi.;tsu oewy fron: 0- to i · 
rnicrosecond 

b, E>tandby b£Htery, Option 002, provides a ·10-
min.ute rninimurn powBr sourcH (at 25';'C) in the ewmt 
of external ac power faHum. A front-panel lamp 
nash-as when ac power is interrupted and lights con­
tinuously during fast chaJQEL Charge rate is con­
trol!e<j by a :)~position front-pane! switch; FAST, 
CHAnGE ·FLOAT, f1ESET. 

\-?. The ClHC:--un C:HECK s;,-vitr_)'l and rnelsr prc,vide 
cont!nuc>.!s of outouts 2JJt1 other :~:ignais 
The CONT1NUGu::; OPEn.!\TlON !arnp o.n indi­
Cation ot correct mn:rati"on, The G MHL_ i MHz, aod 
'lOO kHz f)Utput le~eb are at inast ! volt rrns when 
properly 1err'r1inated with 50 ohm~;L 

1·8, TERMINOLOGY 

1~9, The definitions o1 thn following terms appiy to 
the~e terms as used throughout trJis manua!. 

a. ATOMIC TIME. Time scale based on the 
hyperfine resonance of Cesium. 133. 

b. UNIVEHSAL Tlt,JIE (UT2). Time scale based 
on the earth's rotation about its axis with cortection 
for angular position nnd seasonal val'iations; pmceeds 
at a rate slightly stowor than Atomic time, 

c. UNIVERSAL T!ME (CQOHOINA 1'EO) (UTC). A 
piecewlse unlform scale which approxirrwtes UT2 to 
0, 1~second by stnp adJustments in phase as announced 
by the- Bureau lnttfrna.tiona! de !'Heure in Paris, 

rt HYf'ERfiNE RESONANOE OF RbM Hyp<>r· 
nne resonant 'f reqnency ar\s1ng fr-om th-e difference 
ln energy between trlB upper and lower ground states 
o!Rb"-

e. HVFR (FiubkJiurn Vupor Frequency Refersnco}. 
The assornbly wh;c!\ t1ouses tho Hbi1' tmnp, fdter cell, 
the RbM absorption ceH, and the !lBrmonic gnnerator/ 
mixer diode, 

1·10, SPECIFICATIONS 

!w1·1~ Ta!J!n 1··:3 ii::ts the technical spsciticarionH for 
the Mode-! 50623/' 

1-12 Table 1- \ !i::::.ts E'qu!prnent suppHed and Tat:;!e 
1-2 !h::~ts ;;Jcc:nr:.c><Yk<:. 8-"):Jih:'lhtc for the Moor;J 5ntJ()A_ 

1--14. Hewlett-Pocknrd LIS-O-S a twtH,ection nir;o··dlgit 
serial nmnber (OOOOAOOOOOJ mounted on thG rear~ 

panel to identify \his imdrument The first tour dlgits 
aro the serial and the lasi ffve digits fefot to thH 
specific mstrun:<SnL ff tht:- serial prdix on your lnstru­
m0:nt differs hom that listed on the td1e page of thh 
manuHi, d!h:r(·nu::;\ sx:st hf':hveen the rnanua! and 
your instrurw:nt L'.~W<3r ~:;criti are do< umontod 
in Section Vi! M~d t:;gtli?.<' ~Ji!H'iD! prdiXfi& are covered 
!)'Y' H ma_nuai tlhin'<.-18 she(;t inc!uck:d with the n·JflrHwL 
!t this sh<~ot i;,-, nw;sinq conL:=-;ct \h,,> nearest t·lewfott~ 

Packard Sai(')g a_nd St'HvH,:;B offico (iists am provided 
8t tho rear of tf'lh nwnual; 
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Model 5065A 
Circuit Diagrams, Theory, and Maintenance 

Table 1-1. Equipment Supplied 

Equipment Description HP Part No. 

AC Power Cable 3-Conductor with 05061-6091 
ground pin 

Accessory Kit 05065-6066 
includes: 

Adapter Micon, male-to- 1250-0813 
male 

Connector Plug, female 1251-0126 

Screwdriver Ceramic 8710-0033 

Cable Assembly Micon to BNC 05060-6116 
Test 

Board Extender 15 pin 05065-6064 

Board Extender 15 pin, extra wide 05065-6065 

Board Extender 12 pin 05061-6073 

1-2 

Table 1-2 Accessories Available 

Accessory Description HP Part No. 

Standby Power 24 Vdc, 2-ampere Model 5085A 
Supply supply with 18 

ampere-hours 
standby batteries 

Cable Connects 5065A 103A-16A 
to 5085A de 
output 

Extension Slides Permits sliding 1490-0718 
and Rack instrument out 1490-0721 

and tilting from 
rack-mounted 
position 

Standby Power 24 Vdc, 2-ampere K02-5060A 
Supply supply with 12 

ampere-hours 
sealed standby 
batteries for 
flying clock 
experiments. 
Operates on 6, 
12, and 24 Vdc, 
115 Vac/230 Vac, 
±10%, 48 to 
440Hz. 

Rack Mount Kit Provides con- 5060-8740 
version from 
bench to rack 
model 
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Table 1-3. Specifications 

5065A 

Frequency Stability: 

Long term: ±1 x 10-" per month (maximum 
limit of drift rate). 

Short term•: for5 MHzoutput 

Fractional Frequency Fluctuations Avg. Time ( T) 

<7.5 x 1040 1 ms 

<1.5x 10-" 10ms 

< 1.5 X 10·" 

< 5x10-" 

<1.6x1Q-" 

< 5x 10-" 

< 5 X 10-" 

Calibration Accuracy: Set at 

0.1 s 

1 s 

10s 

100s 

1000s 

factory to ±1 x 10·" of specified time scale. 

Settablllty: .±2 X 1 o-". 

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

Tunability: Coarse Frequency Synthesizer Adjust­
ment: Range: 1000 x 10-" 
Resolution:<2 x 10-s, thumbwheel adjust 
Fine Frequency Magnetic Field Adjustment: 
Range: 2 x 10"9 Resolution: 2 x 10-" 

Warm-up: Within 1 x 10-10 in 1 hour and 5 x 10-11 

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 
frequency. 

•DEFINITION OF TERMS 

Short-Term Stability: 

See Statistics of Atomic Frequency Standards by 
David W. Allen, Proceedings of IEEE, Feb. 1966, 
p. 221, and HP Application Note 116 for measure­
ment details. 

Settablllty: 

The degree to which an oscillator may be adjusted 
to correspond with a reference. This is also 
termed calibration. 

OUTPUTS: 
Frequencies: 5 MHz, 1 MHz, 100kHz. 
Voltages Levels: >1 V rms into 50 ohms at 5 MHz, 
1 MHz, 100kHz. 
Conneclors: BNC Front and Rear for 5 MHz, 
1 MHz, 100kHz. 
Harmonic Distortion: (5 MHz, 1 MHz, 100kHz) 
Down more than 40 dB from rated output 
Nonharmonically Related Output: (5 MHz, 1 MHz, 
100kHz) Down more than 80dB from rated output 
Signal-to-Noise Rallo: For 1 and 5 MHz,>87 dB 
at rated output (in a 30kHz noise bw). 

ENVIRONMENTAL: 
Temperature, Operating: 0' to 50' C. Frequency 
change is<±4 x 10·" from frequency reference at 
at 25'C. 
Temperature, Nonoperating: -40' to+ 75' C. 
(With Options to 50' C.) 
Production Units Have Passed Type Test as Follows: 
HUMIDITY: 0 to 95% relative humidity. 
VIBRATION: MIL-STD-167 and MIL-E-5400, 
CURVE I, with isolators. 
SHOCK: MIL-T-21200, and MIL-E-5400 (30 G's). 
ELECTROMAGNETIC COMPATIBILITY (EMC): 
Mll-1-61810 and MIL-STD-461, Class A. 
ALTITUDE: Frequency change is>5 x 10-" from 0 
to 40,000 ft. 
FREQUENCY STABILITY DUE TO: 
Magnetic Fields:<5 x 10 _,for 1 gauss de change 
or 1 gauss peak ac, 60 ± 10% Hz and 400 ± 10% Hz. 
Line Voltage:<4 x 10;2 over specified Input range. 

MATING CONNECTORS: 
EXT DC input: HP 1251-0126 (5-contact), Cannon 
MS 3106E-14S-5S (Series ME) furnished. 

POWER: 115 or 230 Vac±10%, 50 to 400Hz, or 
23 to30Vdc. 
Approx. power required: 

24Vdc 

Without Options 
Option 001 (Add) 
Option 002 (Add) 
Option 003 (Add) 

35W 
7.5W 
ow 

7.5W 

115Vac 

49W 
10W 
6W 
16W 

WEIGHT: Net, 341b (15,4 kg). Shipping, 511b 
(23,5 kg). Option 001, add 21b (0,9 kg). Option 
002, add 3.51b (1,6 kg). 

WARRANTY: 1 year, except 3 years for RVFR. 

1-3 
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Table 1-3. Specifications (Continued) 

OPTION 001 TIME STANDARD 

CLOCK PULSE: 
Rate: 1 pulse per second. Rise Tlme:<50 ns. 
Fall Time: <1 p.s. Amplitude: +10V peak ±10% 
Jitter: 5 ns rms are Width: 20 ps min. All specs 
with son load. Output: Front-panel BNC. 

SYNCHRONIZATION: Automatic to 10 ±1 ps, delayed 
from reference input pulse (rear BNC). Manual 
adj. to ±50 ns. Reference pulse must be>+5 v with 
a rise time<50 ns and width>0.5ps. 

CLOCK MOVEMENT: 24-hour LED Digital Clock. 

OPTION 002 STANDBY POWER SUPPLY 

CAPACITY: 10-minute minimum at 25' C after full 
charge (incl. Option 001). 

CHARGE CONTROL: Front panel, Fast Charge­
Float-Reset switch. 

INDICATOR: A front-panel light flashes when ac 
power is interrupted and battery is being used. 
A continuous light indicates a fast charge condition. 

OPTION 003 

Combines Options 001 and 002 

PERFORMANCE OF QUARTZ OSCILLATOR ONLY 
(Rubidium Control Loop Open) 

1-4 

AGING RATE: <±5 x 10-10 per 24 hours. 

FREQUENCY ADJUSTMENTS: 
Fine Adjustment 5 x 10·• range, with dial readings 
of parts in 10". 
Coarse Adjustment: 1 part in 10', screwdriver 
adjustment at front paneL 

STABILITY: 
As a Function of Ambient Temperature: Fre­
quency change is less thatn 2.5 x 10-<~ total from 
0' to +50' C. 
As a Function of Load: ±2 x 1Q-" from open 
circuit to short, 5aJR, L, or C load change. 
As a Function of Supply Voltage: ±5 x 10·" lor 
23 to 30 Vdc from 26 Vdc reference, or for 
115/230 Vac ±10%. 

DIMENSIONS: 

NOT($ f-o it~:•m ..j 
0'~'"'"""' "< """""' ••0 lM•LL,.,[t£~$l 

-- -- r 

,;;, ~~ ~::-~;.·:;.~~~;~~:~~-~~"~;;, ~:~~'1 '"' '" ;' r 

6~· .... """" "'""" 

L L 

19 , • .,, • -· ... 

l ~ }.~.~·; Ln 
U

l SIDE 

' ----
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Model 5065A 
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INSTALLATION 

2-1. UNPACKING AND INSPECTION 

2-2. If 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' Fi with Options 001, 002, or 003. Longterm storage 
+35' C (95' 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 battery will be 
automatically switched into the circuit. 

2·6. Extended Storage 

2-7. If !he Model 5065A is to be stored for an ex<ended 
period (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 5065A and remove bot­
tom cover. 

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

c. 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 terminals. 

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

f. Set power supply voltage and current controls to 
minimum position. The precautions of steps d. e, and fare 
to prevent the filter capacitor on the power supply output 
from discharging into the RVFR. 

g. Turn on Power Supply and adjust voltage high 
enough so output current can be set with current-limit 
control. Read current on power supply meter. 

h. Set current-limit control so supply output current 
is 100 rnA. 

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 from power supply output to allow 
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 5065A is to be operated again: 

1. Disconnect the power supply and recon­
nect RVFR red wire to XA41 11 and the black 
wire to XA8! 11. Check POLARITY. 

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

2-10. Packaging 

2-11. To protect valuable electronic equipment during 
storage or shipment always use the best ~ckaging 
methods available. Your Hewlett-Packard Sales and Ser­
vice office can provide packing material such as that used 
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 the instrument in large plastic sheet or bag. 

b. Place the wrapped instrument into 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 ion each corner 
of the carton. 

d. Install boxed instrument into the final cardboard 
outer carton 1 HP Part No. 9211-1101 i seal effectively and 
label properly. 

2-1 
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Figure 2-1. Electrical Hookup for RVFR Storage 

I 

~~:·~.~ 
-"·Kl· .• 

~~~;;;;;;;;;;;;;;;,;;,:•t.....:·l lA P17 BLACK WIRE ./ 
.., = ~ SEE NOTE 4 I I 

POWER SUPPLY + ~,.;;;;-_. ____________ -_,....-~ RVFR 

100ma @ + ® ® O""J"'_.c;.: ASS'Y I 
APPROX. 0.1Vdc .._ _________ ....,;-!, \ ~ - , 

1 OOma --.... - "' --' 

NOTES: RED WIRE 

1. Only 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. 

4. See Note on Figure 3-1. 

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 Connection 

CAUTION 

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

2-16. LINE VOLTAGE. The Model 5065A can be oper­
ated from either 115- 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 }. 

2-2 

IMPORTANT 

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

Table 2-1. 115/230 Volt Conversion 

Conversion 115Volts 230 Volts 

Slide Switch Right Left 

AC Line Fuse 1Aslo-blo 0.5 A slo-blo 

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

a. Connect the round, 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·t9. Table 2-2 lists the Model 5065A front and rear 
panel connectors and their respective mating con­
nectors. Not all connectors listed are shipped with the 
instrument but are included in the table as useful 
information,for installation. 



( 
,. 2-20. OPERATION AS BENCH OR RACK INSTRUMENT 

2-21. The Modei5065A 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. 
5060-87 40. To convert for rack operation. refer to Figure 
2-1 and proceed as follows: 

a. Remove feet (press the foot-release button, slide 
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 
panel. 

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. 

Modei5065A 
Circuit Diagrams, Theory, and Maintenance 

2-22. INSTALLATION LOCATION 

2-23. The RbB7 absorption cell in the RVFR Assembly 
A 12 is slightly sensitive to external magnetic fields. Avoid 
installing this instrument near large motor-generators, 
transformers, or other equipment which radiate strong 
magnetic fields of 2 Gauss or more. 

Figure 2-2. Conversion for Rack Mounting 

BOTTOM FOOT 

COVER j) 
0Ju~1~ASE 

~ ARGER 

~' 
I 

n\ 
~ tJ I ,,~·~'''" 

Table 2-2. Mating Connectors 

Connector Description Connector Mating Connector Mating Cgrmector 
HP Part No. HP Part No. Description 

Rear BNC Female jack (J1, 1250-0140 1250-006t. BNC male plug, LltiB8/U 
2, 3, 4, S) 

EXT DC, S-pin male jack (J9) 12S1-0111 12S1-0126 S-pin female plug 

AC LINE, 3-pin male jack (J8) 1251-1458 1251-2457 3-pin female plug 

Front Panel OUTPUT Signal 12S0-0102 1250-0061" BNC male plug, UG88/U 
jacks (J10, 11, and 12) 

1 PPS, BNC jack (J14) 12S0-01 02 1250-0061" BNC male plug, UGB8/U 
Option 001 only 

"These connectors not shipped with the instrument. 

2-3 
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SECTION Ill 

OPERATION 

3·1. INTRODUCTION 
Table 3-1 Operating Checks 

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 lor 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. In instruments 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 longer than 2 months, 
there is a possibility of cell flooding occurring in the RVFR 
tube. If after 1 hour of warm-up from initial tum-on no 
2nd harmonic is present, then cell flooding can be sus­
pected. The following procedure should be used to incor­
rect cell flooding. 

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

b. Disconnect the red and black twisted pair of wires 
from XA4( 1 1 and XA81 11 respectively. 

c. Obtain a current-limiting power supply capable 
of producing 1 amp • power supply voltage is not important). 

d. Before turning on 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 
output. 

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

CIRCUIT CHECKS 

Switch Position Meter Indication 

BATTERY 35-45 
Option 002) 

SUPPLY 38-42 

LAMP OVEN 10-45 

CELL OVEN 10-45 

OSCOVEN 25-50 

PHOTO I 25- 50 

5 MHz 35-45 
(no load) 

CONTROL -50 to +50 

ERROR 0 

2ND HARMONIC 20-50 

1 MHZ 38- 42 
(no load) 

100kHz 38-42 
(no load) 

Description 

Indicates 
battery voltage 

Indicates +20 
volts regulated 
supply 

Indicates 
power to lamp 
oven in RVFR 

Indicates 
power to 
absorption 
cell oven in 
RVFR 

Indicates 
power to 
quartzose 
oven 

Indicates 
RVFR output 
current 

Indicates 
5 MHzoutput 
level 

Indicates de 
control volt-
age !.2-9uartz 
oscillator 

Indicates fre-
quency dif-
terence 
between RVFR 
and micro-
wave field as 
a de voltage 

Indicates 2ND 
HARMONIC 
level 

Indicates 1 
MHz output 
level 

indicates 100 
kHz output 
level 

3-1 
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/ 

B!.ACK WIF1E 

POWER SUPPLY 
\A, ~'.2Vdc 

A.12P17 I '··, / 
SEE NOTE . I -ERa RVFR 11,;,.,.------1--~ ® ® . QI""J-<X ASS'Y I 

J '- \ , ___ ___ 
REO WlRE 

NOTE: !nstmmentt> :>aria! nwnber 1732A0079i (lnd abov<t do rif}t havtt the P17/Jt7 ,;o-nne:ctor 
but have the cable :K;\clered. ln this ens~, dbco-nnect thB wires and e.f)nne:ct dirmzt!v to 
the (.H"Jwe-r ~wpp!y, t/!ating Conrwet.Or for P17 ls HP Pw't No, 1251,1113 (Winchesmr 
Part No. JF1P-1 SAi. 

g. Turn on Power Supply and adjust voltage high 
Hnough S(J output curront can be set with curre-nHirrdt 
controL Read current on POWf)r supply rmrybr. 

h. Set cut'rent-HnHt Ctlntrol so supp!y oulput CU(f'Gnt 
is 1A 

L Reduce vo-1tr.sge control setting so that it is just 
above the po-int wheul further reduction would reduce thB 
pownr supply output curre-nt 

j, Rrn:;hH::k polr:nity of power supply connection to 
;\ i 2Pi '!, This n1usl be pwperiy GONl8cted 

k Remove shnrt from p,::;,wer Stlpp!y ovtp;_,t to ttHOiN 
current k> fhJ\\' ml.o the· nVFR. Ad)ust PG'l"'er S>.ipplv vnHage 
and/or cun-ent !<mil to brin9 current to i A. 

L Reconnect 5065A to l\C hr.o, Sf·t trent panH! 
MOOE switch to LOOP OPE!'J. meYer sv~itc!'l to 2nd HAR-' 
MON!C, r\How pov-,;er s.upp!y <.~nd SOGtJ\ to operato 
contl0uous!y 

rrL Within i2 to 48 hours s.lgnDI should bogin to 
appear on 2ND HARMONIC rlietec NOTE:: the quartz 
oscillator on tho 5065A must be within about 1 10-7 
of 5 MHr tor ~he signal to appeat lf possibk_<, set the 
506-S.A osc!i!ator Gqainsl.a retc-rencu sLFHJard before 
procneding. 

n Cht;JCk 2ND H/\HMONIC rm;\f:'f n:ad:nqs twh:;e 

m urn l! this ooeg not cr:-:cu r with in 15 d;!JYtJ t: r(•n <:el ~ floocF 
inq i~-; rot u·1e prf>b!em 

o, V'ihen checking 2HD HAHtv10NiC 1Ti<:!ter· ''"'"'''n'' 
<l~so record rneter reading m PHOTO \ position, 

p VVhen 2ND HARMONlC reading i~ max.imurn o 
gn1ahM than 1-0, remove power horn 5DB5A. Hemcve po\>ve 
supply conno-otkm, &nd reconnect n:?d wire to XA4: ·1 arH 
thH blacK wiro to XA8! ·1_; 

q_ Replace bottom cover and roconnoct AC powe 
10 5065A. The 5065A ininrn.al circuit will now optimiz.! 
the rubidium In the'~ RVFFt Oporat\~ ihe- 5065A conHn 
uous!y for about 1 week. The 2NO HARMONlC readin1 
should sL:ibi!lle, H the meter stabil!:t£s at 9n.;:ater \i-lan z, 
the instrument can bt~ returnBd to sorvice, !f the fGfH.h'11 

is !nss than 25 porform Bd)ustr!H?)nts described in para 
graphs 5-24 thnJ 5·,31 m the 5065A Ope-ratinq and S..:nvic 
r~Mmua!_ 

3-10. FREQUENCY OFFSET AND CAUBRATION 

J-~ 11, The RubicHurn Frcqusncy Standard iS 

secondary frequency standmd with a specified !ong tcrT 
stabiHty drift less than i pad in HJl ~ pe-r mont!1 

3~12. Over a pr:riod of Lrn~;_ 11 m0y be necessary 
check the oHset that has accru(.,d sioce last calibraUo 
and f0callbrate the instrument to a primary· !re-quenc 
star,dard, 

3Hi:3 Frequency adiuSlmcnt C8'1 be rnntl\-J afte-r deh';\l 
mining the fn'Jquency error 1.-v1tn o;:spt<ct ro a f'efc-nmc\ 
Ftont nane! ~vl/\C3NETlC FiELD codrol is the-r-; c-1.d_iust& 
hJd i.JYrnct .any fnsr.;uN\i_~y -:Jfl'>et 
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Mt.'}d8\ ~:JO&GA 
C:rcuit CL~r.;"r~-m:s, -heory, and h·1aintenance 

Turn~On FrocE:-;dure 

1, Set re~1r "115/230 \/ac switch to Gotmspond with 
!ine voltage use<.t 

Check that !-unction swi_tch l;s \~'21 at OPER and 
OSC FREO FiNE \!3 set at 250 it should remain 
in this position durinq nonna! uperBtion. 

3. Connect ac powc~r con~ (suppi\-ocH between tOM 

ac jack and ac !inc PO'<VBL 

4, On units equippod with ()pti<m 002, Standby 
Power Supply, press 8ATTER''f' :;:witnh lo HESET; 
then swi1ch to FAST CHAFiGE Note tha.t 
E3AT TE.PY iamp cornes on. if de !ino PO'flf!f tails, 
the BATT EHY !amp ·.vi!l pulse 

5 AlknN 1·-!KH.F warrn!Jp and tH-~n ;voss START/ 
AUTO to START rno(nr;niflrU·y !n_ units equip qed 
witL Optkm DO"l, a ny:chnnicd !uck pr-ev<::~nts 

p!acinq !hit swi"!ch ~)t A.UTO ,ST,t\PT 

K Pre~;~; LCCtC RC3ET CONTINUOUS OPEH­
l\TiON lamp SiWuid corr"lf? (W< to ifH1ici1HJ that 
ftequency-2>tab"d\img feHlback i;;op ·i$ locked 
H not, rofer to Snction V. Use 50s-:: !oad on 
outputs. 

?, Hotatc C.::iRCUlT CHECt< fa!! 
Check tor n!r)tf;r n".'odinqs 
<Jo :--H)1 ch~~ck ou:-, (efer to trc•,ii.··•csh•rntit infor, 
nv:-ttlf)n in St;ction V f\kJtf Aflr,- a l"'h'"Y.ir 

warrn-up, th~ 5D6G/\ >S within approx\rriatoty 1 
pMt in H)'0 of tho UTC Time Scale and 'Nithin 
approximBt0~Y G part-s in 1<1' 1 after 4 hours. 

NOTE 

rf CONTINUOUS OPFH/'.,.TIOP·-1 !amp goes off 
after instn.Jrnent hn~> warmed up, tho C!R.CUlT 
CHECK meter ~"Nitch Si'JOuki be M-:i to the LAMP 
OVEN and CELL OVCJ< positions If either 
rm:ter lnOicaUon <s fuil .'.;cnie, thn ;nstrurnen! 
should be turrHtd off irn:nc~di8.tElly. !i n-ot the. 
HVFH atmemb1y cou:-:.t t>e f!arnaqod 

0 Let the 506f,.A_ b:;J;;·er·,: ~ onnnue t_c, tm:.t charge tor 
It lo!.<~i n!- H) how._:;_ .A 1 thf: Gnd of this time, ;::.ct 
f:-l-1\ TTERY S'x'>'i1Ch k\ r:LOAT for n continuous 
trickle cht-tr913 

8, After 24 hnurs runn:ng tlmn. thermal equi~ 

!ibrium is es!i:lJ)Ished and rnerer readlng8 are 
sr.abi!izt:~d, Hotate CtRGUlT CHECK S'Nl1ch 
throuqh r.dl pos;tli.>ns <rid record roading5 on the 
door ch<Jn .. 
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Table 3-2. Front Panel Lamp Indications 

FRONT PANEL LIGHTS 

INTEGRATOR CONTINUOUS 
LIMIT OPERATION 

OFF ON 

ON ON 

ON OFF 

OFF OFF 

3-14. The two following calibration technique measures 

the changing phase relationship between the 5065A 

5 MHz output and a primary frequency standardd IHP 

5061A Cesium Beam Frequency Standard or equivalent! 

5 MHz output over an 8-hour period. Either procedure 

may be used and both are equally accurate. The phase 

change is converted to frequency error and the necessary 

MAGNETIC FIELD adjustment is set in. 

3-15. The procedure is divided into two parts; Table 
3-9 lists recommended test instruments and equipment. 

3-4 

DESCRIPTION 

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

Indicates one of the following troubles: 

1. Quartz oscillator 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 A 1 failure. 

Press LOGIC RESET switch. If CONTINUOUS OPERATION 
lamp does not come on, look for one or more of the 
following troubles: 

1. 

2. 

3. 

4. 

5. 

6. 

•' 

Quartz oscillator not locked to Rubidium resonance. 

2nd harmonic signal too low. 

Fundamental signal too high. 

Cell or lamp ovens not operating normally. Check 
CELL OVEN and LAMP OVEN on CIRCUIT CHECK 
meter. If meter is maximum TURN INSTRUMENT 
OFF. 

Synthesizer failure. 

FUNCTION switch not set to OPER. 

However, items with equivalent specifications may b( 
substituted. 

a. Calibrating the measurement system. 

b. Performing the error measurement. 

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

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

b. Set HP 8405A FREO RANGE to agree wit 
input frequency (5 MHz). 



I 
dt 

Figure 3-3. Magnetic Field Control 

c. Zero HP 8405A PHASE meter by cranking in 
necessary offset with METER OFFSET control and the 
red ZERO knob. 

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

e 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 OFFSET by +180'. 

g Adjust 1 Ok ohm pot for full scale pen deflection 
on recorder. 

h. Change METER OFFSET polarity to (-) using 
the center knob of the METER OFFSET CONTROL. Pen 
should move to opposite chart edge. Make required 
fine adjustments to record zertl and 10k pot for full 
scale chart deflection. The recorder is now calibrated 
for 360' or 0.2f.Lsec full scale. 

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

a. Connect equipment shown in Figure 3-6. 

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

c. Determine frequency error Llflf using the relation­
ship Cit ~ill 

t! 

d. Since chart calibration is 0.2 .usee full range (at 
5 MHz), error in proportional parts can be determined 
from the strip chart record as illustrated in Figure 3-4. 

Modei5065A 
Circuit Diagrams, Theory, and Maintenance 

Figure 3-4. Error Measurement 

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

6t ~ 1 x 10-'s = 3.96 x 10·" freq. diff. 
t 7 hrs. 2.52 x 1 O's 

e. Since one minor division of the MAGNETIC 
FIELD adjustment changes the 5065A frequency by 4 
parts in 1012, in Figure 3-4, the dial would be changed one 
minor 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 !ower 
than the reference. If the MAGNETIC FIELD adjustment 
is at the end of the range: 

1. Set the Magnetic Field adjustment to 5.00 and 
measure the frequency offset again. This is the 
"desired change in offset" Item 2 in Table 3-4. 
See Table 3-6 for an example of this calculation. -· 

f. Increasing the MAGNETIC FIELD setting 
increases the 5065A frequency and decreasing 
this setting lowers 1t. Make this adjustment as re­
quired to aiign the 5065A with the reference 
standard. 

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

3-18. FREQUENCY COMPARISON USING K34-59991A 
LINEAR PHASE DETECTOR 

a. Connect the K34-59991A OUTPUT 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 K34-59991A to line power and turn on 
the power switch. 

3-5 
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Tab\P 3-3 hequency O!tset Change 1:-lstructiOflS 

Remove instrument top cover and note setting of 
TIME SCALE thumbwheet and pos1tion ot HI-LO 
switches. necord this information in ltt:m 1 

NOTE 

Be certain to include the correct algebraic 
sign(+- or-! with the numbers used in the 
following calculations. 

2. Locate thurnbwheel switch sntting in Table 3-7 
and record tt1e corresponding Offset x 10~10 value 
in (tem 1 under Offset :x ·to" .. to,_ 

3 Record the desired change in offset under !tern 2 
in the space pro vi de d. 

~ Algebraically add the sum of ltem 1 and 1tern 2 
OffsPt x 10 H)! and record the total in Item 3. 

5 Locate the nBc-nest Offset"< ·10- 10 in T abfe 3-7 that 
corresponcJs to the total offset recorded in Item 3 
FlecorcJ this offset tts corresponding TW switch 
sctt1r:q, and Hl~LO switcn settmg under !tern 4 in 
the approprr'at() S['.'!<tcns provided 

r; A!qeLnaicn!ly subtract !tern 4 !rom \tum 3 ancl 
rocotd this r-r-r11aininq Fr·.;-;quency Of!s(::t in !tern 5 

Div:;J;_~ liw rr-n·:·Jarr1(h'1C rGcorclnd rn I tern~) by 2 and 

r(_'CfJrtJ the :-wswc:r in !tern 6 

NOTE 

The, (Jtc ~~\10n r. 1 Step i~:-; pcrle;rrned to CCJn­

,,en ~-~'e !teq:H·!r~t:y offset tube: (.,Jrrec\~:~d 
!1y th\CI'JF'T!C IEJ~D i\I'),Jl.J~)lt'v·;[NT 

:nto j!'cnt~ pdrH;i Mf\.CiNf::TiC Fi!:.LO con·~ 
! :"()) SC' I! I r: 9 

b Not(· pn~~wnt fron! panel MAGNETIC FlF.LD con·· 
!rol :-Jetting anrt record this st.~ttinq n1 IU!rTl 7 

9 AICJ<Ob'ill<:ally add the new MAGNETIC FIELD 
control settinq from the setting recorc1ed m Item 7 
R(:cord tt-ds total in Item 8. 

NOTE 

If tht: addition performed in Step 9 g1ves a 
negative number or a number greater than 
10, U1e synthesizer setting selected in 
l!em 4 must be changed. Select tt1e adla­
cent oflset from Table 3·7 closest to total 
offset recorded in Item 3, and record this 
new information in Item 4. Repeat Steps 5 
through 9 using the new data. See 
example, Table 3-4.! 

., 
10. Record !tern 4 and !tem .. 8 information in spaces 

provided under Item 9. 

11 Set Synthesizer Assembly A1, TIME SCALE 

tllurnbwhee! switc!l to the new setting recorded 
1n Item 9a. 

12. Set Synthesizer Assc~mbly A 1. Hi-LO switch tu tho 
positiOn re-corded rn Item 9b Replace instrument 
top cover. 

13. Adjti'·~t front panel M!' .... GNETIC FIELD control to 
the c;ettinSJ rec:C·nded in Item 9c: Tt1en pertonn 
Freq:Jency Offset at1CI Calibration i par.ag.r8ph 
:·3·10 aqain to all9n tilE: 50G~\A with tlle refernnce 
:;tandB.! d_ 

14 Set :ront pam:i CI1'=1CUIT CHFCK sw1tctl tu CON· 
TF-H>L. :1nd slowly ,:HJj!JSl ClSC FnEO COARSF. 

·'lr)i lor C!FiClJIT C!--lf':'C.:K iTlt:!or ir1clication 
()f T' 

h If CONTINUOUS OPC:T\1\.TiON lamp is off. wa1\ 2 
rnii:tJlc-s, thc;n n\OI!ll~ntanly JHGs~; front pam~l 

LOGIC RESET button. CONTINUOUS OPDl­
/\110N !arnp shO\ild come on and stay on. The 
SOfl5A oHset has bocn ct1anged and the instru­
mr'!'lt is operatin9 normally 
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Table 3-4_ Typical Frequency Offset Change, Sample ;lnsufficienl MAGNETIC FIELD Controli .-------
ITEM OFFSET (x 10--"') 

1. Present synthesizer~ Assy TIME SCALE -163.770 
settings ;see Table 3·7 for corre-
sponding frequency offset' 

2_ Desired change in Offset 

3_ Surn (I tern 1) +(Item 2) 

4_ Nearest synthesizer setting 
(Table 3-8) 

5_ Remaining offset to be adjusted by 
MAGNETIC FIELD control 

6_ Change required in MAGNETIC 
FIELD control setting 

7_ Present MAGNETIC FIELD control 
setting 

8_ New MAGNETIC FIELD control 
setting 

9 New offset settings are: 

a. Synthesiz(~r TW switch 

b. Synthesizer HJ-LO switch 

c. MAG FIELD control 

~---~--------l 
I CESIUM SEAM 

L- FREOUE.-NCY J 
STANDARD 
HP 506!A 

=~--

1 

-1 X 10 9 

-173-770 

-172,789 

-_98 

-49 

5.00 

4,51 

l:\NC TEE 

TW SWITCH SETTING HI-LO SWITCH 

8619 

8238 _H_I_ 

;-173 770,- -172,789; 
(!tern 3) (!tern 4) 

Item 5 
2 

IO?iU• ~~-~Ol ATOR 

,---:/102!8t, ::Dt\PT'OR 

_98 
2 

-49 i- 5_00 

Item 4 _____ 82_3_8 

Item 

!tern 8 

HI 

-----

SH~IP CHART 
RECOR!)L:H 

HP 680 

3~7 
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Ch":'td Diaqrarns, Tht-ory, Bnd ~"'l8inteow·,;.:;o 

Present syntht·:sizt<r As.;..,y T!PAE 
SCALE smtings (st<e Table 3-9 for 
corn:~>ponding frequt.;ocy off"sBt) 

2. Desired change !n offset 

3. Sum (Horn 1) ~· (lturn 2) 

4. Neatest synt11esiz.er sutting 
(Table :>8) 

5, Pernaining offset to b0~ adjusteH:l by 
MAGNETIC HELD cor,tml 

6 Change reqwred fn MAGNETIC 
f iE:LD conire>l setting 

7 Pmtent MA(lNE.TlC fl[L[I control 
selling 

fL Nf:'·# M:V.3NET!C FO::LD c.ontroi 
setting 

b 

107.:6A 

:C~Zi-l)A l!';C::::·L~l"Ol1: 

'/f.C'Y(IR 
>/N.l"M!\ rr.R 

MP<:$40'5A 

"PN S'NiTCH SET! iNG Hl-LC 8VV!TCH 

!tern 5 

(Hnm 3) (Item 4) 

!tcm B. 

=::::::::.= 

~:>FH ·:il!.iH 
PC ;fi"f:U'\' 
n~· t~8(i 
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c, Conn6c\ 8 roiennce 5 fA Hz to !NPUT f\ and tho 
5065/', 5 MHz ou1put to !!'\JPUT G. 

d. Set ''Zero~ Ope~·-- Pull" front pan(;~ mounted toqg!e 
sv.titch to ''Zero''. AdJUst ;'Zero Scale'· control for a zoto 
scale i race on recorder. 

e. Set switct' to ;'Ful!" end adjust ''Full Scare" contro~ 
tor a fu!f scale !race on recorder, 

Check both "Zero" and "Full Scale" outputs und 
readiust if necessary. 

fl. The recorder wH! now provide a co'ntlnuous rec­
ord of frequency comparison and will be auh:>rnaticaHy 
reset when the recordr:r pen ror:u:::hes zero or full-sca!e 
position. 

IL With the recorder sel lor 1 volt full scaiH and 
1 lnJ hr., the phase difference recorder will tm 0.2 ,sec 
fl<ll tca!e with 5 MHz jnputs~ See Figum 3-4 tot an exam~ 
pie of a frequf'Jncy' dtferen·~:iu measurement under these 
conditions. 

3-19. OPERATION WITH TUII!E STANDARD 
OPTION 001 (or 003) 

3#20 Option 001 prov~des f,Aode! 5065A with a orH) 

pu~se-peH:>econd clock output The divider drive is an 
ifiH}rna!ly connected 1 iviHz signa! from AC frezr.;ency 
Divider Assembly. TlME DELAY comrols ere kiCHted on 
th-e 1>5 ,Assembly and can be seen with tile top covHr 
rernovnrL The TIME DELAY six thumbV>lhBel !:Ywilch con-" 
tro\s the phaS(J of tho do-c:k-pu!l:K; outout from 1 micro~ 
second to i SH:;cond with n:;:spect !o an extCOlBl u;,h;n::mG(~. 
The O,v1 microsecond TIME DELAY screwdrivor tJdjustA 
n;ont allows line adjustrnent D\~"er anv 1 rnicrosncond 
portl\)n ot the thurnbwh<:e~ settings. 

:1-~-21. The time standard option includes a 24 hcHJr. LED 
(jigita! clock asserftbl'f A19; which indicHtes Ume tn 
hours, mlnutot~s and s<~Conds. Tile SYNC buhon on Divid8r 
/\ss0·mbly ,45 onablor, the ;nstrurnf3nt to synchrnnize to an 
nxtr;:nlH.! rt~fet8nc.e strtn(WrcL HH" di1-JitB! ciock i:~ :~et by 
nrn::::sinq li'm SET pushbutton. SLOW/FAST S\N!V:::h ,;nd 
HOLD pushbutton 'ocatnd oi'l !'et-l:r ot clock-

3,22. SETTING HiE CLOCK PHASE TO AN 
EXTERNAL ClOCK 

output and £sn external rofenmce clock. may be set to any 
(iesired point between coincidenc;;: and 1 sBcond by 

H'\B h.>l!owing proce(Jure. The techruque used wW 
d ';rx:nd on HiD t>Aodei 5065A app!icohon <:H!d individual 

;c· (Bqwtnrnents. 

:'.h24, Automatic Synchrord.zaUon 

:_J .. ;:c; To i;\\Jkimaikaiiy· ::;ynchrcnize the 1 .. p:::.·~' c:-utput 
p-ui:cc oncl th0 ir:tenn!, k;Gh. c~nve v-nth an extentd! '-PPS 
rcf~''~'''.onu:•. proceed c~"-~ follow~.;~ 

h.Aodt:d b06SA 
Circuit Diagrarns, r'heory, and MHin~cnance 

a. HH:·~ov~~ ihc b:):-.'l V::vf: tor ;;tv.:.:e:o:~:; L; TiVlE DEL!\Y 
contrc\s. 

b. R<)tf.dt:': the~>~ su_; THAE DEU\\' cunt:ro~ rnaxi·· 
mt.Fn c.w for rnjn:rnum delay :do not ovsrlig!TlNl 

c. Set the Tlf·AE OCLAV thumbwheei !>Wi~ctles for 
the dnsirm:i Urne- de ray of thH clock pJfse:, Thethurnbv.;tH'H:d 
sw~tches rr~ad dirBd~I Ho<J>d~VcH·. H:en: :sa 9-11 p$0(; built­
in delay in t!1e dlgit.a! divider clrcuit wrw:::t: ~~~wu!d bB 
added to the time-delay ca!<;u!ation 

d. Connoct the reference pu1se to the maf SYNC 
INPUT jack fmust be greaH;r than 1-6V with less than 
50 nanoseconds r!se·-timo and a width greater than 
0.5 ,~.~sec. 

e. Press SYNC pushbutton on A.5 Assembly and 
hold down at least 1-~second. Tt10 next t!ck ot the dock 
output wH! be delayed according· tn ttw seW no of the 
thumbwhee! ~<witche-s ;plus Uw 9 to 1 i p.seo bui;t-in delay;, 
For mom precise adjustment of tirne delay, the 0-i _pse-c 
TIME DELAY provides conHnuous·-delay adjustmHnt horn 
0-l tJSBC. 

f. \/v'hen the clock pulse i:::, synChfOniz_nd, tno digitai 
CloCk WHi Hdvance in synehronisrn YVith the lf!Strumrmi 
1PPS. 

g. For a delay ot !ess ihan 10 utoc, tho thurrd:)Wh~e! 
svvitche.s are tirst set 0.1 899.989_ Then the thumbwhf:ul 
setting is -dccrBus.ed as required and final adjustmfird is 
made wfl!1 thr~ 0 to 1 ,usee T!tvHZ DELAY controL Use an 
arran~p:ment li1<:0 that of fiqun: 3~8 to S<.:curate!y rneasuto 
time inH:~rva!B behvoen the two 1 -PPS puises For short 
delay inten;als. use an o:s-;ctl!oscnpo, Fc>r l<Jn-qt.w delay 
intervals. use H1B optional countfJr' an\C-HilJBmenl. 

3-27 !f the refomnce pulse do<:;~'> not meet me mquke­
mnnis for sync opomt:on '-5V. -<·Sn na.nnsee<:::>r!d ri.s.e 
tirne, ;:md whJl.h >{}5 ,u.soc :, use i'he h~chnique ot' Hqure ,J-B 
!,!.; rYHJ&:":>ure~ lltT!(} intervats Set t:r-ne ck:lay of the 50651\ 
1~PPS oulpvt ;:n (l!:quned ,,vith ~hr: TU-JE DELAY thurnb" 
\vhccd ~;witc.lv __ :,:;;·. ono o .. 1 ,;:se<:- !'<:w:tr·o< Fot delay 
intervals, usP <.\n osci!l<-ncnpe For laro\-;r 
w.:.e the optl<>n-;·Jl counter Ar·mrrk 

b. S{,;t t1ours, rninutes. and seconds by piacinq th6 
SLOV>l/FAST t.oogie sw·itch at FAST and rnoml':'ntadfy 
depros:;;; the SET pushtn.!tton for i'8.pid <Hi vance of the- rJ!s~ 

play_ Pi;·we togf.}!e sw1tch to SLO\.t·J ond pre~"s 3ET puBh·· 
btmon tor slow advance of the ,i,sp!a;,.', 

c Set '~~(H_::onch CHI nw di .:p\Hy Sit~Jhlhi ::th'JJ_d ot the 
~"eh_,,-ence cloCk~, .:1.nd UJ!O;n Pfi-JSF 1hu H(}l G pusf·:·t>uffc•rL 

Re·i(:asn HCLD pushh.mor-:: '·Ni'len <efDfSi'iC£'' c1ock Hmo !~\ 

'ciE'Iil: >Oi to H\s-· dt~fU~~ cio(;~ 

d 



Mode! 5065A 
ClrcuH Diagrarns. Theory_ and ~Aa(n~~:-n~H'lCe 

~~" ~-" 

Offset 
Synthe:stzer 

Synthesizer H 1-LO Switch Thurnbwheel 
(X 10"'') Setting Ftequency Settinq 

-1000.619 9348 631441?.18 

l ·986.184 9189 ():314426.63 
-977-485 9030 5314432,99 
·970.804 88/i 5314437.56 
·958700 8394 5314445,83 
-950.573 7758 5014451.38 
-940.729 5691 5314458.11 
-930 051 9341 5314465,41 

I ·911 .851 7472 5314477Jl5 
·903.502 8267 5314483.55 
--893.419 8744 5314490A5 

\ ·888.1 i() 8963 5:314494.07 
"881.000 9062 5314498.93 l .,870.988 9221 5314505.78 LO 
-855841 9380 5314516.13 
-844.S26 1)819 531~Hi2:3.59 

! ' -£\40537 8458 6314526.59 
-830.246 95?8 53l45JJ Jl2 
"8\ 7.281 3776 S3i4542AH 
·809.448 9237 5314547)34 

I .f\00.445 8936 58'1455Ct89 
-.J$9JJ80 8028 S31466L 14 
·777.700 9693 5:314569$4 

J 
--783.04.5 8347 5314~)79.55 
-.J54.b07 8Gb1 5314585,32 
-745271 925:~. 53'145fH .70 
-7J7JJ56 88()8 5814597.82 
-?23264 9555 5314BD6J4 

.,, 

-7'12.141 8522 5314614:)4 
-707.350 8967 S3'\4617B2 
·095.305 9412 5314626.85 
-685.873 86&1 b314G$2. 30 
-678286 9:269 ~<3 i 463 7 .48 
-666.835 8120 i 

:_<)~4645.31 

658 G05 BUH3 S.J 146b0.93 
-647.S04 W\97 53146S8A8 
··G40A9l g(~ 11 S;l14UC:~.J·\ 
·63f.U:)(h3 I ?b9G 5c'314Wi'Cc·14 LO 
~6;?"1.028 5980 53\41376.82 
+JOfL302 qsst , .. '40"5. 1 l '"'';:.: .,,() ...... j. 

~691.ilS 7013 S314G97J)2 

<582.542 80"14 53"14702.92 
-57?.J22 fs586 5314710JJ4 l 

-562.949 8872 53'147H3,31 
-556.364 9015 5314120.81 
-547 /}4-4 9158 5314/2£L84 
-535.1 "!4 9301 :s:" 141:35.34 
-!326.775 8'J·'J;;; 

!"t".' D:~14"i'4'\J}4 

-::q$291 94-14 5:314/48.?0 
-502.7i2 d031 ~c;~,FG; ~~ -4972<19 !5018 Hi 

3·10 

I 

' 

I 

Offset 
(x 10"} 

-484.432 
-472.694 
"468.270 
-458.497 
-447.258 
-44Dc91J1 
-430.592 
-418.827 
-403c318 
-396.379 
·389.910 
-378.205 
-36'1.897 
-360.496 
<~£50.578 

-336.597 
<~30.570 
<115.41 t 
-3035:10 
~293JJ66 

-28f:L102 
<tl9Xi22 
-269.131 
-255,'182 
·-2:5lL274 
·240.036 
~230504 

·2?~H154 
~2UE:iAB1 

'191.251 
,18'iASQ 

·'172,?89 
1GT!IO 

. 154,369 
~147.878 

~ 139.403 
~1282Gb 

~ -J 'i2A:-n 
-11}1.785 
·8!.61'7 
·88A0'1 
.-n .379 
-/1.051 
-(50203 
·-4'1.664 
·32.628 
"2(}JJ59 
. 14.426 
.-f3,024 
0.000 

Sy'!'1lhesizer 
Thumbwhee! 

Setting 

9587 
8491 
8804 
9317 
9041 
8777 
7697 
9730 
8253 
8793 
9063 
9333 
8936 
8142 
9G03 
BB82 
9019 
8476 
882.5 
93>19 
8571 
0222 
9095 
8841 
8714 
833:~ 

7698 
6301 
98/3 
5962 
7t)f):1 

82~)8 

HG19 
aar:l 
9000 
812/ 
8254 
~·3:331 

3889 
8:397 
9508 
8651 
9143 
H". ,., 

"t10 

963b 
866/ 
9032 
9~J8/ 

hSbO 
91!)9 

Synthvsi;?J:;-r· HI~LO Switch 
FrequEncy Settfng 

5314769.88 ,,, 
531477t3DO 
5314181.02 
5314781.70 
5314196.38 
5314799.67 
5314806.77 
5314814.81 
53'1<1825.41 
5;JH830 16 
5314834 (i8 
53148A25H 
5:314849,62 I 
5314864.68 

I 
53148f> ·t A6 
531487'1.0;~ 

5314&75. i4 HI 
53 i 488(! .50 
s~n4&93J12 l 5314900_15 
5314905.(1:~ 

S3149''i0 03 
.5314~l'l7 1:J 
b3!49?:B.Gb 
s3-14D:JJ:J 02 I L<) '!48:17. 01 
b3 'i 4943 ()~) 
S:314G48 5fH 
[)3"1 4960.63 
~D-;4910.36 

5:3'148/7_0~ 

£<31492>2537 
53';4989. H 
53-; 4995 _SG 
5~315000 00 
53 1 GOO~:, J 3 

I 53 :5013.cV) 

I 
5~>iS024.23 

5:5 \5-C<JI_SO 
5315034 .:j i 
5:/.15040.H5 i 
5315048.18 I 5315052}51 
5?i5059,86 HI 

f 
5~·116068.49 

S315078,77 
s:~ 1 SOB?. fA 
s;\JbOS.H Ii 

J ::::,:-_.:, 1 b09G 85 
5?1:·;101. (f! i· 
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1 

I 

Tab!o 3-!. Synthe_;izer ~~dhng '/¢.. Frequency OHsct 
'See T<.;.bie 8"6 for Tilu!Ti-bwheei Switch Settings\ 

Synthesizer 
Thumbwheel 

Se\lino 

5691 
5952 
5980 
6301 
7013 
74'12 
7603 
7686 
769'{ 
7698 
77513 
80'!4 
8029 
8142 
3238 
8253 
B267 
H:l33 
8J47 
8394 
0397 
8411 
841:1 
d4i58 
3491 
BD22 
8566 
8S7·1 
8bB6 
861[) 
db1H 
8651 
fHSfF 
HS8i 
8682 
8697 
8714 
8744 . 
frt4S 
B776 
87'77 

8'793 
88(]1) 

CHlsot 
(X 1 Q-·AC)) 

. 

-940J29 
-·HJ125-1 
-G21.ll28 
-22i /.164 
'"59'L1'(5 
·91 Ul51 
-181.45() 
-630,506 
-430592 
-230,504 
-950.573 
~582,}':42 

~'189890 

"'3GOA9G 
-172-'!89 
~40:1.318 

~903,.502 

-2l;Q,035 
-76:Hl46 
.. 9Dit/OO 
-&;7 ,677 
~640.497 
~ou_;sn 

-8-10,53/ 
"4/2.694 
,j-,~:. 141 

·6.024 
A?gG, 102 
-·5~7 2_ 122 
,,-1fJ7 24n 
,'jf\3 770 
-77.:'179 
~32.G2U 

~Gdb.:373 

-:336 397 
6-tT .564 

-2::!0.-27-:~ 

~893 4\9 
-526.775 
··B11.281 
-440 881 

. ?<16 ;J/9 
7T!.\Y>G 

Synthe*:;izer 
Thumbwheel 

Setting 
. 

8889 
8903 
8904 
891G 
8935 
8936 
895i 
8967 
8983 
9000 
9015 
9030 
9031 
9032 
9047 
9062 
9063 
{)079 
9095 
9126 
9127 
9143 
9158 
9159 
9189 
822i 
%~22 

9237 
D?53 
8254 
9269 
930'1 
fK)17 
9333 
93:.'\8 
8:)49 
9380 
rne1 
94'\2 
94.-.14 
9476 
95:39 
9K<'-·t:: ,_,,J;J 

9507 

Offset 
(X 10'") 

-101.785 
·888.110 
-468.270 
-844.926 
-800.445 
-367.897 
-754.607 
-707.350 
-658.605 
-147.878 
-558.364 
977,485 

-502.712 
-26.959 
-447,258-
-881.000 
~389.810 

-330.570 
-269131 
-666B35 
-139.498 
-71.051 
--547544 

-0.(){)0 

986.184 
·870 988 
-279.52.2 
-809.448 
~745,271 

·128.265 
-678,2BG 
~535. 144 
-46B.A97 
<F8.206 

·1000.61\i 
~293.%6 

·855.841 
-112423 
~695.305 

~5HJ291 

<315A 1·1 
~8:)0.264 

-~723.264 

~484.432 

I 
HG25 '<rnedu 9G0:3 -350578 
8641 ~- s~- r··· ~1608 I { / /0{) 0' 

,_.\{'{} soc 97::30 4 i }j h2'7 
' I 

L" GtL-'"'~~ ,·_ :);:·. f'j.-;j.(} q,gs7 

"' '"' I 8873 5.-:' :>,{)!) CJ873 -

~·-~ .~!~.~ HH~k-< -

--~---· 

Instrument 
Type 

Frequency 
Standard 

Recorder 

Vector 
Voltmeter 

Mooe! SG65A 
Circuit Diagram$. Theory, anci f.k~inh;r::::J.nct:: 

""·--~ ~'""'~- . 
Hoquired Fl-;)cornrrtended 

Charactcr;.stics !nstrumz:~n1 

--~ 

Fwquency: 5 MHz HPMode~ 

5061 A 

Output L.ovd: 1 v 
rms i-nto 50 ohms 

Strip Cl1art HPModel 
1 inc-h/hr. 680 

Frequency: 1 MHz. HP Modell 
to 1 GHz B405A 

Voltage range: 1.5 
mV to 1 V nns 

Terminations !mpBdance: 50 ohms HP Model 
1104813 

- "'-

3-29. OPERATION W!TH STANOSY POWER SUPPLY 
OPTION 002 

3N3D. Option (J02 provJ,)es tt:e5005A w~th at least 10 min·· 
utes cd standby pow(H ';c that the Morh:d S065A can b0 
moved; for example, from one room to another. ?Aax1rnum 
n?.charge :FAST CHAHGE takes H) to H) l'wurs, N0c/:;s­
sary r$cilarg0 Wne C8rl t.'Je caicula:tt:d !)f'l the· ba~·h> of -1 1_,;,, 
hours chargt;- tilY1e per rr;nutc o! staodby operation up to B 
maximum of 16 to 18 nours The tront-panel 8ATTEF\Y 
warning hgf·;t indicftif!~, tbn>r;) ba,ttery~Cll'CUit condH!on&: 

a. FlastlDS on a.nf} Oif '>Vhon iostrumen1 iS powered 
hom inttom5! bai'tB!'y s'..lpplv wh-t<n disconnnctod frcm 
Hr:<:? p<)'.vBr' 

b. On when bab; y is ~-)eing- Fr\ST CH/\HGED with 
5065A c:onn~~cte-d to line po-nBr 

c Off w:!h BATTER'/. switch at FLOAT contin-­
uous trlckie charqt:_: 

3"~1'\ _ H thtz instrurnw't rnust be tun)ed <'.!ft for any reas<m, 
remove ac po\~/el' and then rnornentarHy disconnect F4 
dhis is th!~ fu~~ lc-cathi over tlle battery . !n thif,. manner, 
reby /\2K 1 is tmlaKYl<~d i<::> ch:H,JrH3rgize ihe circuitf~ and 
on?von~ bN\lety' dra.n1 

• 



~..lodn! ~j065A 

C!rcuit Diagrams, Theory. and i\,1alnt(1iHU\CB 

l 

L 
rovrnR 
HP ',i2M~>t 

-r--T 
r ,, ' 

Rf.ft'f\f}KE 
{;;._,()>;;< 

L 

SrNt: 
lNP:Jf 

iPP$1 

RUS!Ol\JM '1!\P(}g 
Fi~IJ.(.;UCNGY 
!.':-'TANLiAf<'iJ 
t~P th')GSA 

;'/ f ' ' ~< ~. ~-~ ~ 

"<K 



3 6 

5 MHz, I Ml"lz, 100 kHz: BNC 
na<'alld£d with rear-pnnet outputs, Out~ 

1 volt nns tminknurn) into 50 ohm 

LIMIT lamp: NormallY o!t ln­
qut~rtz osx:\Hator de correction 

LS less ttlAn ·the dyn;-1rcdc Hrnlt of ±S 
UN, ind~cates Hrat quartz oscH-~ 

correction voltage is ;::~pproactling tho 
dyrw<Tlic !imH ot :;_,6 Vdc. 

OPERATlON 1~-Hnp: Norrna!ly 
lurHiilm:ino propedy. 

fo manu;;dly st;ut div:ders. 
press to STAnT. then release; 

•or m<mc<::r~~:start, set to /\UTO STAHl. 

HESET S'Nitch: Pu:.~.:·i ·t,:;, reS<ct logic 
Hnab!e CONFlNUC<I:S UPEf1AIION 

;:tl\!Ji' pO'Ai(-ff 

Cf·'lECK rnetor ano ·:;',vitd··· Prov1d0f~ 

nt various \:ire~;! h> fo<' 
dnd tro;Jble in<h:aticr·· as specif<ed in 

1\ high··ft1SOIU­

DOtentiorn~)tfJr 'N!ih r;lor;k dial, 
Hv~ rnagnetil.:; field vv·ithin the HVFR 

as a 1\ne C<)n1.roi u sd H10 SOGSA 

""'' ""'· trcqu(~nev .4 ch,lnqe 'Jf on~.C~ rninnr 

':,\ViiCtJ (/)!it: tf: m-;tLifl'H·ml 
:)pf·ic1ti<)f: ,·_;.p[_H/\ f C;_ ]L;tr-u.:·nent 

8 10 12 11 15 

opemting with quartz oscmator tocked to the 
RVFR resonant frequ,ncy, LOOP OPEN All cir· 
Ci,JltS opentding WiH'I lOOp OPBf!. 

9. SYNTHESlZER CHECK ja.ck: Syiltheslzer 
P.,ssembly A 1 outp-ut frequency is avai !able B.t this 
Bf·<JC jack to check Syntht'(tr,lzer operation as out" 
lined in riME SCALE CHECK ol Table 5·2, 

·w. f:U\TTERY switch !Option 002 aod DOJ on!y·:· 
Controls BATTERY lamp <:md lnterno.l standby 
bottery charg~ng n'J.t()L Threo pos!Hon switch has 
three functions: 

n. FAST CHARGE: Charg,;-;s baUer·:/ at rJpid 
rate 'Nith iB hours maximum r::-hatqinq Uno·. 

b. FLOAT~ Standby battery receives trickle 
C:fH1rg-e norma! posiHon ~. 

C~ RESET: Rl'.~snts 8-1\TTEHY tarop drcuds dh~r 
ac Hne power t2.i!ure, 

11. BATTERY brnp Option 002 and 003 on!v 
Ov.:ra1os '-.'dh ff()!lt ptmtd BATTEHY 

12, 

r!asht-tS <m and oft v,,-rwn tJC pnwu-1 V\il'H«tl 
BATTERY :?-'NltC-h is set to FAST CH.i\RGE 
HOURS MAX !arnp i& on. Set BATTERY 
to RESET to turn larnp ofL 

OSC FREO /\O"'l C()/\F!SE Pf'ovkh::fs cunnz 
iator !tequerc:y adiustmcn! of 1 pan m l\Jl-~ 

only COAF!SE control to correct oc-;cdlator 
quency wiHl frequency-iocknd operntion 

43 OSC FREC ADJ f7\f,.JE: Control t_;snc! L.H 
cn!y NonnaHy sHt to 250 

l_f) i PPS ZJphon CKrl ·-11\d CiG::3 only - i(F/ 
)_0 1.,sec p1Jic:..r_; at 1 f uisi.>Pnr-sc<:.r:nd (d.h-



Model 5065A 
Circuit Oiagrarns, Th0.ory. and Mafr;tcrwnu~ 

Figum 3-10, Rear Pano! Operating Controls 

1 3 2 

1, OUTPUTS - 5 MHz. 1 MHz, 1 00 kHz BNG jacks 
para!!e-!ed wlth front panel outputs. 

2. CONTROL jack: Normally not ilsed. Connected 
to voltage contm! point betwoon integrator and 
quartz oscilh'itor. 

3. SYNC INPUT jack (Option 001 Input to 
diqhal divider circuits tor external ~;ync:hronlzing 
pulse_ [xt.ernai svnchroni;::ing pulse must be 
.,5 V or fnorn Vlilth ris<Hlrnc ot \ess rftaf! 50 nsec, 
and widH1 >D fipsec 

4, EXT DC connector· Five~;_;:n rnnif::: connector. 
CCHHlBcts 506SA to external 24-·'>/o!t de supply. 

3-14 

5 8 

S. 

6. 

7 

6 

4 7 

EXT DC tuso:~ {F2 ;: ::>arnpere fuse , H P Part No 
2i 10~0003~ for external 24-vo!t de power 

116\f /23GV AC UN,,E svdtch~ Set to ~:>::pose c<H.rf:ct 
'''115" or ''230''] for the ac Hne '10itage i.;S{3d 

AC UNE jack: A.ccopts r-ound fernah;: ct, nnecro: 
on puwor CBble .s.uppllod. 

AC L.!NE fus~;;-_ ·1,-nmpere Si,o~Blo 1use >l? Pan 
No. ?·t ID-OOOT f<)r 115 Vac operat1on or n.:) 
arnpuro 3lz'Y8!o HP Part No. ?1 FHX!08 fot 
2~}0 Vac opDtation 



3. 

T!MF CLCC:r< SVL.i_:(_;rOH thurnb·­
'Nheel ~:<witGiY sel0cts sy:';Jh:;'::':'l.f.'<l hequenr;y 

Synthesizer TIME SC;ALE SF:t.FCTOH HH .. O 
switch: used with thurYibwhef'i switch to snlect 
synthesized fn~quencv 

Clock SY1'·JC swttci< O;Jt;C'> GO-, mid CJD3 onlY'' 
digital c\:~<.;k v'it1h tc'"' C•xternal clock 

when deprcssecL c;,~,c:;;. t't::~'<~!r<; 

when rolea:;ed 

4 

G 

Circuit Diaqrarns, Theoty, and k·hmtenance 

3 s 

Clock rJME DEL/!-.~{Htuntnvhoel s~,;.--<1· n ('otion 
001 a:Hi 003- e:nly · solc--ctf.titne de! a-, t ;Lv,.- ()n <Jn 
elternal rcfet~Jn<>:; nu;se and the in~ ·-n 
pr~r-f>o<;ond z-:Jock pu\;;;!S Adju::,·t~.J.bl"" 

,s,tops trorn 1 ;..:~~ to I '-_;ec 

' pui'-->e 
Ci(:CddO 

0--i pSEC THV:E DELAY control Cjl)i a_nd 
003 only': ;:d!o\r.:s cor:1huous Jdius'if -,t ;_yt clock 
pulSe de1:-r;' ovsr ar:'l 1 ;;,sec mnge 

Ba!h;r-y fu~~,_., f4 f{'nioved rnome ic;- ~o dis-
ccntt:cct opl':'onal .st<-wrJiJY btHH?ty !, ~ ,-,-dtt tor 
s'L)rrigo or sh;ynr~nt wr· ··. <'; ,;;""! u';;" 



Model 5065A 
Circuit Diagrams, Theory, and Maintenance 

SECTION IV 

THEORY OF OPERATION 

circuit theory on individual assemblies, refer 
,sc~hetm!ltic fold-out pages at the rear of this 

simplified block diagram of Figure 5-6 shows 
~qu.enc;y-<;tat>iliz ng feedback loop. The 5 MHz 
osc~lll!ltor output is stabilized, first by comparing 

output in a frequency-synthesizing and 
process with the resonant frequency of 

·then translating the difference frequency into 
voltage which corrects the quartz oscillator 

~il'•OS<cill•ator Assembly A10 generates the 5 MHz for 
Mu>ltip•lier where 5 MHz is: (1) phase modulated at 

multiplied to 60 MHz and, (3) combined 
<'with the synthesized 5.315 ... MHz after multiplication 
· to 60 MHz. The 5.315 ... MHz is derived from 5 MHz in 
~a freque"ncy-synthesizing process. The combined 60 

MHz and 5.315 ... MHz signal goes from A3 Multiplier 
to the harmonic generator step-recovery diode in A12 
RVFR (Rubidium Vapor Frequency Reference) Assy. 
Tha harmonic generator/step-recovery diode couples to 
the Rb17 .absorption cell which iS housed in a microwave 
cavity .tuned to 6.834685 GHz, the Rb"' resonant fre-
quency. In the harmonic generator/step-recovery diode, 
15.315.:::. MHz phase-modulates the 114th harmonic of 

produce the 6.834685 ... GHz lower sideband 
the microwave cavity resonance and 

energy level transitions in the Rb" gas. 

4-6. Figure 4-3 shows the Rb" absorption cell which 
CO!Italns the Rb" gas. A 100-MHz oscillator in A12 
RVFR Assy drives the lamp filled with Rb" gas. The 
1'8eulting light output passes through the RbBS filter cell 
lnd the Rb" absorption cell. The light output of the 

absorption cell is monitored by a photodiode. 
excitation is removed in the Rbes filter cell 

undesired transitions. When the Rb" gas is 

excited by the 6.834685 ... GHz microwave field at its 
resonant frequency, it increases in opacity to reduce 
light transmission about 'h% as illustrated in Figure 4-1. 
This phenomenon permits using Rb" gas as a fre­
quency reference. Phase modulation at 137 Hz (in A3 
Multiplier) 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
control system, second harmonic appears in the photo­
diode output is mostly 2nd harmonic 274 Hz with a 
small amount of 137 Hz. 

4-7. Temperature control of the Rb" 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 ovens. Oper. 
ating current for these ovens is monitored in the CELL 
OVEN and LAMP OVEN positions of the CIRCUIT 
CHECK switch. The A10 Oscillator Assy has its own 
temperature-control circuit for the 5 MHz 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 Plot 
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Figure 4-2. Rb" Absorption Cell Output 
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4-8. The A12 RVFR photodiode output is applied 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 output at A7("Y") is connected A8(18) and the 
274 Hz output at A7("WBO") is connected to the 2ND 
HARMONIC position of Ml via A17(13). 

4-9. In AS Phase Detector, a reference 137 Hz signal 
is compared in phase with the 137Hz input signal. The 
resulting de output is either positive or negative de­
pending on the phase of the 137 Hz input. Also, the de 
output amplitude is proportional to the 137 Hz input 
amplitude. This de output goes to the ERROR position 
of the CIRCUIT CHECK meter and to A9 Integrator 
Assembly. 

4-10. In A9 Integrator Assembly, the de 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 OPEN 
position, A9 output is shorted to the input and the error 
signal is not amplified. With the FUNCTION switch at 
OPERate, the amplified and integrated de control volt­
age connects to a varactor diode in A 10 quartz oscillator 
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 Multiplier Assembly to 
A13 Buffer Amplifier. In A13 module, power amplifiers 
feed A1 Synthesizer and the front and rear 5 MHz output 
jacks. The second S MHz output from A10 Oscillator 
supplies A61 MHz Frequency Divider. 

4-2 

4-12. The A6 1 MHz Frequency Divider processes S MHz 
in a regenerative frequency divider to produce 1 MHz. ~ 
One MHz outputs go to the front and rear 1 MHz output 
jacks and also to A4, 100 kHz Frequency 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 AS Digital 
Divider Assembly. 

4-13. The front panel START -AUTO-START switch per­
mits manual 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 5065A 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 A61 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 AS Digital 
Divider, A16 Digital Divider Power Supply, and the front 
panel mechanical clock. The AS module 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 output is set by the TIME DELAY 
thumbwheel switches. Continuously-variable delay of 
the 1 PPS output, that is processed by the A16 module 
for a "tick" pulse output at the front-panel 1 PPS jack, 
is set by the 0-1 esec TIME DELAY adjustment. 

4-17. An additional AS 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 pulse is connected to the rear 
SYNC INPUT jack, one reference pulse will enter the syn­
chronizing circuits during the 1-second intervaL This 
pulse will reset the digital divider. The output 1 PPS "tick" 
pulse from the 1 PPS front panel jack will then be in sync 
with the reference pulse. 
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4-18. Two 1 PPS inputs connect to the A16 Digital Div­
ider Power Supply from the AS module. One input pulse 
is shaped in a blocking oscillator and then amplified to 
provide the front panel 1 PPS "tick" output. The other 
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 
10 PPS) rate. 

4-19. The A14 Logic Assembly monitors several key 
points in the 5065A circuits and turns off the CONTIN­
UOUS OPERATION lamp to indicate an operational 
discontinuity when one or more of the logic inputs in­
dicate a "non-operating" condition. These logic inputs 
are shown in Table 4-1. In addition to the CONTIN­
UOUS OPERATION lamp output, the Logic Assembly 
delivers an INTEGRATOR LIMIT lamp output when the 
A9 integrator output exceeds 50% of maximum. After 
an operational discontinuity, the LOGIC RESET switch 
resets the CONTINUOUS OPERATION lamp when all 
logic inputs are "operational." 

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 de) line in­
terruption; for example when the unit is moved. This 
is accomplished by floating the battery across the 
power supply so that the battery takes over should ac 
(or de) line power fail. This option consists of A2 
Battery Charger Assembly, the nickel-cadium battery, 
and the BATTERY switch and lamp. The nickel-cadium 

a. 

b. 

c. 

d. 

e. 

f. 
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Table 4-1. Logic Signals 

Signal 
Non-Operational 

Condition 

Synthesizer Lock When present 
Signal 

AC Amplifier 2nd When absent 
Harmonic Signal 

Phase Detector When too much signal 
Fundametal Error 
Signal 

Cell Temperature When cell oven is full 
Signal on or turned off 

Lamp Temperature When lamp oven is 
Signal full on or turned off 

Function Switch When present with 
Signal Function switch at 

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 pan.el 
BATTERY lamp pulses on and off to indicate a line­
power discontinuity. With the BATTERY switch at 
FAST CHARGE, the BATTERY lamp glows steadily. 

4-22. The FAST CHARGE position of the BATTERY 
switch is used to recharge the battery after discharge. 
After charging in the FAST CHARGE position, the 
BATTERY switch is set to FLOAT. for a trickle charge 
to maintain battery charge. -· 

Figure 4-3. RVFR Assembly Block Diagram 
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