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SPECIFICATIONS |

The P.M.O. Control Synthesizer, developed for use with TMC’s
Portable Master QOscillator, controls the oscillator frequency in exact
100-cycle steps from 2 to fb MC. The accwracy ¢of the system is con-
trolled by sn extermal 1 NC standard.

INPUT SIGNAL REQUIREMENTS

A 1 MC standard, of the desired stability and accuracy, furnishing
1 volt in 50 ohms. ;

INPUT POWER REQUIREMENTS

Plate Supply: +200 volts at 280 MA regulsted.

Filament Supply: 6.3 volts at $.5 amp. regulated.
633 volts-at S 4 amp. unregulated.

Bias Supply: ~150 volts et 30 MA regulated.

QUTPUT SPECIFICATIONS (at 3 MC output frequency)

Spurious Bignals: * 10 ke from desired, 130 db down
+ 510 ke from desired, 90 db down
+

60 cps, from desired, 40 db down
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THEORY OF CPERATICHN

General

The frequency synthesizer controls the frequency of the TMC portable
master oscillator, P.M.0., in 100 cpe steps from 2 to & MC. These con-
trolled frequencies are symthesized from & 1 MC standard such thet the
accuracy and stabllity of the system is exactly that of the standard.

The synthesizer 1z composed of a high frequency deck and s low frequency
deck vhich are controlled by the divider chain.

The calibration accuracy of the P.M.0O. is such that the synthesizer
need only control the 1JOO aad 1000 cps diglts.

The high frequency deck converts the P.M.0. output frequency to
an intermediate frequency of 510 to 520 ke. The low frequency deck
provides an output of 510 to 520 ke in 100-cycle steps for eomperison
with this intermediate frequency. These two frequencles are com-
pared and a de voltage derived which controls the P.M.O.

Divider Chain

The divider chain receives the standard 1 MC input and furnishes
100, 1,000, 10,000, and 500,000 cps cutput freguencies for the low and
high frequency decks.

High Frequency Deck

The high frequency deck develops & 510 to 520 ke signal to be com-
pared with the output of the low frequency deck. The 10 ke from the
divider chain is used to “rigeer a pulse gemerator. This pulse
generates harmonics of 10 k¢ from 1.49 to 3.49 MC. A selected harmonic
is mixed with the output of the P.M.0. to yleld the desired comparlson
signal .

The high frequemey deck is analogous to & superheterodyne receiver.
The harmcnics of the 10 ke pulse simulate the broadcast statione and
the P.M.0. simlates the loecal oseillator.

A tuned amplifier on the output of the P.M.0. is ganged to the
harmonic aselector. Therefore, when the amplifier is tuned td the P.M.O.
output frequency, the correct harmonic 510 ke belowv the P.M,0. fre-
quency is selected. The selected harmonic frequency and the P.M,O.
frequency are wixed in a converter, and the resultant difference f{re-
quency 1s selected and amplified by an IF amplifier. This output is
compared in a phase detector with the output of the low frequency deck.

The de voltage output of the phase detector is applied to the
reactance tube in the P,M.0. and syachronizes the P.M.0. to the low
frequency deck.



The following block diagrem and numerical example should clarify
the operation of the high frequency loov.
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Assume that the desired frequency of the P.M.0. is 2,512,300 eps,
This implies that the cutput from the low frequency deck be 512,300 cps,i
. the 100 and 1000-cycle digits being selected by this frequency. The
P.M.0. will de tuned to about 2,510 ke selecting the tenth, hundredth,
and thousandth ke digits. The 2 to b MC smplifier will then be tuned
to a maximum causing the ganged harmonic selector to seleet the 2,000
ke barmonic frequency. The IF frequency will then be approxinately
510 ke. Sinee this IF frequency is not equal to the 512.3 ke furnished
by the low frequency deck, the output of the high frequency phase
detaector will be an audic difference frequency.

This audio is amplified and monitored by the operator through the
audio amplifier and phones. Since the amplitude of thie audic tome is
& dlrect function of the amplitude of the harmonic being selected,
readjustment of the MC tuning for meximum amplitude of tone will
eliminate any tracking error that may exist between the 2 to b MO
amplifier and the harmonic selector.

The P.M.O. tuning then is adjusted for zero beat note 1n the nhones
and the system will synchronize. A tuning meter in the cathode cirecuit
of the reactance tube gives & direct indication of the de control voltage
being developed when the system 1s synchronized.



Since the system is synchronized this indicates that the IF fre-
Quency must be 512.3 ke hence the cutput frequency is the desired
2,512,300 eps.

Low Frequency Deck

Tee low freguency deck furnishes an ocutput of 510 to 520 ke
settable im 100-cyele stepa. This output is generated by & synchronized
oscillster vhich is referenced by a series of conversions te¢ the 100
and 1000 cps outputs of ths divider chain.

The following simplified block diagram of the low frequency deck
will {llustrate the operation,
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The output frequency i1s controlled by the ke selector and two 100~
cyele selector swiiches. The ke selector steps the Irequency of the 510
tc 520 ke oseillator, the 10 to 20 ke selector, and the 9 to 18 ke locked
oscillator in 1 ke increments. The 100-cycle selector (1) determines
the frequency of the 1 40 2 ke locked oseillator im 100-cycle steps and
the 100-cycle selector(2) varies the 510 to 520 ke oscillator frequency
betwesn the kc settings.

' The 510 to 320 ke oscillator frequency is converted to 1 to 2 ke.
This 1 to 2 ke is compared with *he output frequency of the 1 to 2 ke
locked oscillator in the low frequency phase detector. The 100~cyecle
selector(2) is adjusted until these two frequencies are ecqual. The
output of the phase detecvor will be a dec voltage and the system will be
synchronized. Synchronism will be evidenced by a veriation in the tuning
meter as a slight edjustment of the 100 cycle selector (2) is made.



As & numerdce) exerple, ascune thatl the 2 ke and 300~cyecle positions
of the selectors are chosen. This will produce an output {frequency of
512,300 eps. The 2 ke selaction positions the oscillator at 512 ke, the
10 to 20 k¢ seleector at 12.5 kc and the 9-18 ke locked oscillator at 11 ke.
The 100-cycle selector (1) in the 300 cpe poeition sets the 1 to 2 ke
locked oseillmtor at 1.3 kc and the 100-cycle seleetor (2) repositions
the 512 ke cscillstor to approximately 512,300 eps. The 100-cyele (2)
ie then adjusted slightly until the loop is symehronized.

The synehrontizatica of the loop demands that the cutput of the deck
be exactly 512,300 cps. This 512.3 ke is mixed with 500 ke, the
difference frequency, 1z.3 ke, belng selected by the 10 tec 20 ke selector.
This 12.3 ke 1z mixed with the 11 ke output of the 9-18 ke locked
oscillator producing & 1.3 ke sigeal to the pbase detector. This 1.3
ke and the 1.3 ke from the 1 to 2 ke locked oselllator are compsred in
the phese detector producing the dc sypchronizing veltege.

The functioning of the 9 to 18 ke locked oseillator 18 1llustrated
in the following block diagram.
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An oseillator is locked oo a harmonlce of & 1 ke pulse, The 1 ke
from the Qivider chain triggers & pulse generstor. This pulse is rich
in harmonics from 9 to 18 ke. The desired harmonic is selected and
compared with ths cutyat  Irequency of the 9-18 ke oseililator in a phase
deteetor. The de putmur volwage ¢f the phese detocior s mechronizes the
caeillator oo tha seleched haraonic.

IkC SEL.

The X to 2 ke lecked ogelllator operatés in a similar manner, except
that the actuel frequency of the cseillator 12 11 to 12 ke, The desired
1 to 2 ke is obteined oy eoaverting “he 11 40 12 k¢ to 1 %0 2 ke vith
10 ke from the dlvider chedn.

‘!;xe following block diegrez should clarify the operation of this loop.
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The following checkout 1s to be wade with the symthesizer and P.M.C.
eampletely interconnected, power supplied to all units and & 1 MO (1 volt
in 50 ohms) signal applied to the divider chain.

An oscilloseope, Teltronix Model 515 or equivaelent, and a ccx:iifer,
Hewlatt-Packeard S22 or aquivelant, will pe the recensary ~heakont
equipnent .

I. Divider Chain

Verify that the 500 ko, 100 ke, 10 ke, and 1 ke and 100 cps signals
are correct, This may be done by monitoring the frequency on a counter
eomnected to the corresponding test point. The 500 ke is not adjustsble,
but the 100 ke, 10 ke, 1 ke and 100 cps dividers may be adjusted to pro-
vide the propar output frequencies. Adjustment is made by means of a
Potentiometer located belov and to the left of eech of these test points,
Note that the outputs must be connected to their load: since the capacity
of the coaxial comnectors influences the divider action. After the
divider 1s properly adjusted the rest of the synthesizer may be checked
out. ;

L. Lov Prequency loop

1ls 1 ke Pulse Generator

Connect an gscilloseope to the PG-out test point. The resulting
waveform should be a pulse 20 usec in width and recurring at a 1 ke
rate. Adjust the gu % potentiometer until a seable repetition
rate 1s obtained, tui such that a pulse is generated only when the 1 ke
ingut 1s preseni.,

¥
a7 Valp
1
| 20 sec. | 2
G. _1-2 ke Loeked Oscillator e -

Comnect a counter to the 12 ke test point. Check that the output
ireguency coryesponding to the positiocn of the upper CPE selector is as
tollows: : .

m () Position Preguengz CPe
1000

100 1100

1300

1400

1500

1600

1

i

§ ,

EeBEEL



3: 9-18 ke Lockad Osellis.or

Conazet & counter Lo the 9-16 ke vest polnt. Check that the output
Irequency corresponding to the position of the KCS selector 1s as
follows:

KCE Poslilon Frogquoncy cpe

9,000
10,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
18,000

VOO O\ S o e O

L, 3510 w 320 ke loeked Oscillator

Connect & counter directly on the 510 to 520 ke output jack. B8et
both the CPE selectors to OO0 positlon and set the XCB selector to the
zero position. Synchronize the low frequemey loop with the lower CPS
selecter. (To eynehromize the loop vary the lower CPS selector slizhtly
about the 000 position until the L,F. :_'l\g;__ig Indicator deflection can
be controlled by thls selecior.) With the system synchronized the
cutput frequency should be 510 ke. Place the KCB selector in the 2
position. The loop showld resynchronize without readjusting the lower '
CPS8 seleccor. Check that the loop ie synclronized and that the correct
cuiput froqueney is obtedned for each of the KOS sclector positions.

The output {reguency corrospoadipg Lo each ke positlon with the CPS
selector set wt zero and with the loop synchronized should be sz follows:

KCS Position e Output Frequency ops
o 710,000
i 511,000
2 512,000
3 ) 513,000
& 514,000
5 515,000
& \ 516,000
7 517,000
& 318,000
2 519,000

Reset the KCE selector si O, the CP§ selectors to 100 and synchronlze
the loop. The cuiput Ifrequency should ¥e 510.1 ke. Repeat this
eynchronizing procedurc for cach potlcion of e CP2 selector, the output
irequancy correaponding to each position followe:



CP3 Position Cutput Freeuency CPS

510,000
510,100
510,200
510, 300
510,400
510,300
510,600
$10,700
510,800
510,900

™is completes the checkemt of the low fremuency 1oop.
III. Figh Prequency Loop
1. 10 ¥e Pulse Genarnior -

BERBE 5858

Connect an ooeuloseope to test point, Pulse Out. Adjust the
» until a pulse 0.2 usec in width and recurring at a stable 10
ke rete is obpervéd, Correct biass adjustment will allow o pulse to de
generated only when ‘the eiroult 1s twipgered by the 10 kc input signal.

W

V%

¥
fe. ?ﬂfnl

cm}ct an oacillmoape to tae IF g teget point. The following
envelope paivern shouid be abom«l

i

.5 Volts Pk. to Pk.
.5 Yolts Pr. to Pk.

H

mn. iAW 3
(A 3 nc).

MAx, . Min.

{

3, Defress the R 2 awitéh and tune the MCS seleetor, for
meximon on the EI' Tuaipg indleator. Rolease tho Push to Tume amd retune
.mgmmmvolwum s¢. Gyachronize the high
frequeney. loop, (This is done by adjusting the P.M.0. tuning knob for &
 sero beat-note in the phones. ) Vary the PJM.0. tuning, while observing
the E eztor. The system should be capable of varyingz the
indlca the gyne limits on the metar panel before dropplng out
of synciowronism.
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GEN L OPZRATOG DSTRUCTIOND

I. FRONT DPANEL CONTROLS

1.- POEOOO: CCmLX'Olltd o Homl

In the aomel positicn of this switch the P.M.C. Maactions,
tudependsntily of Lhe ayuihzsizer, as a veriedble fracusncy oseillator.
In the cunirclled positicn the cutput Irequency of “he P.M.0. vill Dbe
deteradned vy the syalhesizen.

2. Push o Tuae

In the normal position of this switeh the 0P Tuning Indicator
indicates synchronism of the high Irequency 1o0p. When deprecced,

the BF Tuning Indicaior indleates the amplitude of cutput of the
2 to b me emplifier.

3. MCO

This selector tunes the synthesizer to the P.M.0. output freguency.
The tuning i3 accomplished by first depresting tae Push to Tune switeh
and adjusting the MBS selecicr for a zeximue indication of the .xr;zgirng
Indiestor. Then relcasing the Push 4o Tane switch, the MCS selector is
rondiusond oy maximm amplitude of audio tons in the phones.

kL, Kc8

This selector selectc the desired 1 ke ddgitv.

7. Cr8

These selottors select the desirsd m;;zc::ri.: digli. The lower cpt

seletior synchrondocs the lovw frequency locp &8 indicated by the L.F,
Tuning Indlcator.

)
II. PROCUDURE FOR UCTABLISYING A DESIRED OUTPUL FRECUFNCY

1. Seb the 2.M.C. Jraquency Mol to approximstely the deeired
Trequiancy.

o, Bet the XCS5 end CPT selectors to the desired freguency.

3. Blowly very tLe lower CPS sclector im the naigabarhood cf the
arevicusly salected positlon witll thepe 1s & dellectlon of the L.F.
Puning Inddestor. Syachironism is accompliched whan the movement of the
lower CPE Selector causes a ecrresponding deflecilon of the L.,F. Tuning
Inddcutor. Remdiuvss ailghtiy walll the LeF, Tuning Inddeator reads
center scale.

L. Depress ths Push tc Tune swiich and tune the MC3 selsctor for a

maxlium readns om the AF Tuning Indicstor. Release the Push to Tune sviteh.

5, Retune the MCS selector for & maxlmum audic tone in the phones.

\o



G. AQJuet the PJH.0, Duming for a sero-veat-ncié ia the phanes.
The igh frequency loop Will then e syndtuomized. Movemsat of the P,
tunisg lawb will ceuse a eorvespoudln; movemsant of the HF Tuning Indicator

0.

Genier the HF Tuning Indieator with the P.M.0, tuning knob.

M
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I. Tect Ecuipmeny \

L. VAM Hewleti-Backard 410B cr equivalent.
2. Ooed Vioreyse Toxtrodx 30 or eqrivelent.
be Coumnter Hevievi~Pocisrd 523 or equivalent.

4. 8ignal Geacrator: Mefsuraments §1gnel Gensrator, Model 658
Stand2rd, or equivalanc. :

II. Divider Chain

Align the divider chain a2 indicated in the general checkout
vrosedure . ;

ITI. Iow Preguency Loom

L. 1le=2 ke locked Ozelllsior

4. Comnect & countar o %ae 1-2 ke teet point and & VIVM to the
-1 test point. Eince the DO voltage developed at 2C-1 it can be either
posisive or negative with respect to growmd. It is convenient to gero-
center the VIV on the I volt DC zeale.

b Ramove the 100 c¢ps input signal to the low frequency deck and
sdqjust the l-2 ke Bal for sero BC volus at DC-1. Replace the 100 aps
coaxial cable,

e, Sabt the uppar OP5 sclactor teo 29_9 amd adjust C«9 until the loop
iz synehronized, i.2,, Waen “he VIVH indicates = DC voltage at DC-1 and
the eounter registars 1900 cps. Widle maintaining synchronism, sdjust’
Cw Tor zeare volue 2% D=1, s :

é¢. Set the upmer CP8 sslector to 500 and adjust the C-8 trimuer
uriil the loop 15 a:m-l.;m.:ed. While maint salning the 1800 cps synchronized
froguency adjust the (riwmory for sero volts at DC-1.

e, Repeat this procedure for the ramini nz posicions of the upper
CP8 selector. Pro; sreps dowe in frequency one step an a time and make the
niljustmens Zor eseh ‘atep wih the irimmer waose nwabsr corrcsponds 4o the ’
apper CPE selector position. The correct frequency et the 1-2 ke test .-
voint Tor esch CP8 selector nosition i3 Eliven in tHe senevsl checkout -7
procedare. When Lhe logp 18 &li@d, ToBOVE the counver and VIVH, '

2. =10 ke foecked Qecillator

a. Comnect s oscilloscope to the HG-Out test point and adjust the
Blae Adl. until a pulse 20 usgee in width and occcurring ot & steble i ke rate
is obtedned. Corrsct adjustment will sllow a stable pulse to be gene-
reted only when the 1 kc signal is spplied to the low frequency deck.,
Remove oselilloscope. .

R
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b. Comnect a zero-centered-VIVM to the DC-2 test point. Remove the
1 ke input signal tc the low frequency deck end adjust the 9-18 ke Bel.
for zero velts DC. Replace the 1 ke input cosxial cable.

¢. Connect the counter to the 9-18 ke test point. Jet the EC
selector Lo the 9 position and adjust L-9 until the loop is symehronized,
i.e., a D0, voltage is indicsted on the VIVM and the counter registers
18,000 cps, VWhile maintaining the 18,000 ops synchronized frequency,
adjust the 1-9 for zero volts et DC-2. If the goll does not have suffi~
cient runge, the 9-18 ke padder may adjusted to reposition the tuning
renge of the ccil, Do not readjust the padder hereafier.

é. Bet the KC selector to the 8 position and adjust L-8 wntil the
lcop is synchronized. While mainteining the 18,000 cpe synchronized
frequency, adjust L-8 for zerc volts at DC -2.

. Repeat the proeedurs for the remsining positions of the Xcs
selector, Progress dowm in frecuency one step at 2 time and make the
adjustment for each step with the coll vhose number corresponds to the
KCS selector positien. The correel frequemcy at the 9-18 ke test point
for each K0S position 1s given in the gemersl checkout procedurs. When
the loop is aligned remove the counter and VIVM.

2. 510 to 520 ke Cscillator

a. Comnect the counter to the 510 to 520 ke output jeck.

b, ‘SQt the upper CPB salector to 900 and the lower CPS selector
to 500, This will assure that the main low frequency loocp is not
synchronized. Adjust the L.F, Bal. until the L.F. Tuninz Indicatoy

. reads center scala.

¢. Bet the KOS selector to 2 and aet both of the CPS selectors
to 500. Adjust the P~9 until the main low frequency loop is synchronirzed,
i.e., adjustment of P~9 will positiocn the L.F., Tuning Indicator and the
counter will reglster 519,500 cps. Adjust P-J until the L,F. Twning
Indicator reads cenier scale.

d. Bet the KO8 selector to § and edjust P-§ until the maln conmtrol
loop is synchronized. While maintaining the 518,800 cps synchrondzed
frequency, adjust P-8 for & center scale reading of the L.F. Tuning

cator.

&. Repeat this procedure for the remaining positions of the EKSS
sglector. Progress down in frequency one step &t & time =nd meke the
adjustment for each step with the trimmer whose muber corresponds to
the KOS salector with the CP8 selector at and the leoop symchronized.

3



KCS Pouition Cutput Frequency
9 519,300
8 518, 500
! 717,500
é 516, 500
L slx‘,asm
P 515,500
3 513, 500
2 512,500
L 511,500
0 510,500

Waan the loop 4z aligned, remove the counter.
IV. High Frequency Loop
1. Harmonle Selgctor

. &+ Remove the S10 to 520 ke input fmx*xa low frequency deek,

the 2 to b MC imput from the P.M,0., and the 6AX5 pulse seneyator tude.
L CEir ¥roeg

b. Commect the signal generator to the Milse Qut test point and

the oscilloscope te the Har 821 Out test podnt.
S Y10f FLATE

¢. Set the M2 selector to 2 MC positdon (full mesh) and the signal

generator to 1.49 MC et 2 volts. Adjust L, and L, for meximum amplitude

d. Reset the MCS selector %o the & MC position (full opesn) and the
pignal geperator 4o 3.h9 MC at 2 volts. Adjust the trimmers on both ends
of the 3 ganged wvwning capacitor for maximmum amplitude.

¢. Repest steps ¢, and 4. until the selected signal is a maximum
at both poslitions without further adjustments.

4

f. 'Recomnect the 2 to & MC input from the P,M.O.

2, 2~ to & MC Isolation Amplifier and Harmonic Selector Trecking

a. Set the signal generator at 2.37 MC at 2 volts and the P.M.0.
diel to 2.88 MC.- Stoke: —7

b. Adjust MCS selector for maximum amplitude on scope.

¢. Connect oscilloscope to I.A. Out. Adjust L-3 for meximum
amplitude. 1 pravg yenel

d. Bet both the MCE selecior and P.M.0. frequency to 2.00 MC. Adjust
C-4 for maximum emplitude.



|

¢. Bet both the MCS selector and P.M.0. freguency to & MC. Adjust
the trimmer capacitor, oathacmtarusﬁonofthe3medtuning
capacitor, for maxirmm amplitude.

f. Repeat ateps a. through ¢ as many times as 12 necessary t» make
the tracking exsct &t these points.

g. Ramove the 2 to & MC input,oseilloscope and the signal generator.
7 s - sm :

3. Comnect the sighal gemerator to the I.A. Out test point. Set
the signal gemerator %o 515 ke at 2 volts. Qomnect the oseilloscope to
the I.F, Out test point,

b, Adjust Lo 1.5, and !.6 for maximus ampldtude.

€. Remove the signal gemerator and the osellloscope. (onnecti the
2 to & MC and 510 t6 520 ke inputs to the deck. Replace the 6AKS.

b, 0.2 usec Pulse Generator
e. Commeet the oscilloscope % the PE-Out test point and adjust

the Blas Adj. until a pulse 0.2 usee in widih and recurring at a stable
10 ke rete is obtained.

. Remove the 10 ke input and verify that there 1s no ocutput at
the PG-Out test point, to inswrs proper bias adfus tment.,

5. H.F, Phage Demctor.

a. OSet the MCB selector to o frequency differing at least 100 ke
from the P.M.0. fFequency. This will insure thet the hich frequency
loop is not synchrorized.

b. Adjust the H.F. Bal. for center scale on the H.F, Tuning Indiecator.

13
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