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TYPE

1100-A FREQUENCY STAN

SECTION 1.0
INTRODUCTION

1.1 FUNDAMENTAL PRIRCIPLED

The determination of {requency directly in terms
of time is a fundarmenial measurement, since Iregusney
ig the fime rate of repurrence of A cyclical phenomenon,
A primary staadard of frequency is, therelors, defined as
one whose Ireguency is defermined directly in ferms of
time. A secondary standard is one whose freguency is
determined by comparison with 2 primary standard, ov
by comparison with other secondary standards, somse
one of which was originally vompared with o primsry
standard.

it is to be noted that the above classilications of
irequency standards have nothing to do with the acoura-
cies of the standards. In fact the same standard is logi-
cally classed as 2 primary standard if checked directly
against time, and a5 2 secondary stendard if checked
against standard frequency transmissions {representing
‘g digtant primary standard).

_ in practice, the responsibility of establishing and
_.mainiaising acourate time determinations by astronomi~

£al ohservations is not 2ssumed by the iadividunls de-
‘giring 2 primary standard of frequency. The time deter-
Cmissiions are carried out by observaioriss especially
Cerpmipped for the purpose. The resulis are made avaliable
“tooa large number of users by radio and wive frans-
iigsion. In the Uniied Siates, the U, 5. Naval i}bger%m
‘%: Ty trapsmits high-precision time signais oy radin
%%;m;}g”x the facilities of the 1/, 8, MNaval Radio Bervice,
Trahomissions on several freguencies are ayallable
‘séveral times a day and can be received nearly all over
the worid.

The uger of a prizary irequency siandard can Hen
_Vg;}i_eﬁﬁzéy'%iﬁm?mme the ffefguemy a he LB;;:GBF& m

_n{;“z eas&y zmkmg this camwmsm For the Freisrc) 1
gauliss the errors of the trapsmitted time sig-
nust Be faken bifo acoount., Correction data may be

&d b apgﬁymg m ths %permi@mﬁem i, 8, Hawval

: ﬁmgézi%%eau of Sﬁaﬂdams? the g}i&znﬁeh&{:ix‘iﬂ
iseillators ol the iatter’s primary freguency standard

are checked in the same way as the former’s astronorsi-
cal clonks, the comparison with time is, in elfect, car-
ried oul by the observatory. The standard irequency
transmissions sent oot by the Buresy of Btandards con-
sequently mweaem 7 mrimary standard of high precision
available to all who oan receive the iransmissions.
Where such *immmzissﬁ@m czn be received, it is generally
mors converiont and much guicker 1o make the compari-
son hy freguency than by time, For informaiion and
schaduies of transmizsion of standard frequencies, apply
i the Radic Division, Bursau of Siandards, Department
of Commerce, Washington, DL C,

Bepause of the vagaries of high irequency frans-
mission, many users rely on checks against {ime &8 3
reserve, They also use the primary siandard as a high~
precizion clock for laboratory timing purposes.

Az 5o far considered, the precigion oscillator is a
singlefremuency dévice. For practiva] wtility it is neces-
sary to obiain from s single freguency many other fre-
guencies, both sbove and below the standard ireguency,
for conveniencs in'measuremenis. Since most of the
precision osciilaiors operate in the region of 50 1o 100k,
it is necessary o divide the frequeney to oblain a value
such that an sssily constracted synchronous motor can
be used 1o count the mumber of cycisg execuled by the
precision osciilztor in o standard interval of time, For
measuremenis of Migh radio freguencies, 1t iz necessary
to multiply the stendard freguency io obizain useful fre~
guspcios in the range of the frequency belng measured.
Both of these operations are readily zfﬁarmeﬁ by & con-
trolied relnzation sscilator, known as a multivibrator

An oscillaior of ihis type is characterized by Us
susceptibllity to contrel by an introduced voltage, the
fregueney of which lies nesr the fundamental, or low-
order harmonic, frequency. In the controlled conditions
the relaxation osoillator locks into step with the conirol
voltage, and the frequency bears an integral relationship
o the Ireguency of {he controiling vollage.

1.2 TEE TYPE 1100-4 FREQUENCY STANDARDS

The Type 1100-A Freguency Siandard is available
in two forms, 2 primary standard (Type 1100-AF) and 2
secondary standerd {Type 1100-AQ), The primary stan-
dard includes 2 ayneronometer (synchronous moior ciock)
for svalupting the frecguency n terms of standsrd time.
Mo timing means is furnished with the secondary stan~
dard, but 2 very satisfactory freguency check ¢an be
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GERERAL RADIO COMDPANY

obtained by comsparizon with the standard frequency radio
transmissions from the National Pureay of Standords at
Washington, 1. €.

The frequency of the precision oscillator is 300 ke,
which ig divided successively by factors of 10 to obtain
multivibrator fundamental Ireguencies of 30, 3, and 6.1%ke.
A fourth multivibrator operaiing af s fundomentz] fre-
guency of 100 ke provides a large number of harmonics
at 108-ke intervals for use 2t bigh radic freguencies.
Harmonics of the 10-ke multivibrator are simi Uarly used.
in the audio-freguency and low-radio-frag UENCY Tange
{up v one or two hundred ke) 4 cathode ray oscilloscope
is used {o obtain hundreds of known freguencies. This
is slinpler thap trying to make use of harmonics of the
low standard freguencies,

The range of useful ouiput frequencies obiainabie
from the General Radio Primars ¥ {or Sscondary) Fre-
guency Standard {s indicated in Figure 4.

1.21 The Type 1106-AFP Primary 7 T’wquewy Sﬁaﬂd&fﬁ .

is composed of the following mﬁimmem

Piego-EBleotric Oscilistor

{with temperature control unit)
Type 1190-4 100-ko Suartz Bar and Mounting
Type 1102-4 Moltivibraters and Power Supply
Type 11034 Syneronometer

Type 131D1-4

Brisl descriptions of these instruments are given
in the fo } OWing pages,

1.22 The Type 1100-AQ Secondary Freguency Standarg
is composed of the Intlowing instruments:

Type 1181-A Plazo-Bleciric Dscillator

{with temperature control unit)
Type 131806~ f‘g 100 -k Quartz Bar and Mounting
Type 1192-4 Muliivibrators end Powver Supply

1.23 Interconneciions between the virious units are
mazde by means of cables and plugk supplied with the
equipment. Suliable peich cords sre provided lor con-

. nection to the frequency~-reeasering ouipment when the
. gisndard and Type 1105-4 Frequent ;vﬁ%abwmg Eguip-
.__f-mszﬁi are g&ﬂ?@ha&@ﬁ mgeﬁt%w :

Figure 3. Type 1100-AQ Secondary Freguency
Standard mounted in bench-type cabinet rack.
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TYPE 1100-A FREQUENCY STANDARDS

SECTION 2.0
INSTALLATION

2.1 RELAY RACKS

Unless otherwise specified, 2 bench-type cabinet
rack iz furnished with either standard.

In order that the interconnecting cables will fit
properly, the equipment should be mounted as follows
from top to boliom of the space.

Type 1103-A Syncromometier

Type 1102-4 Multivibrators and Power Supply

Type 1101-A Piezo-Elettiric Oscillator

Blank panels are supplied to fill the remaining
spaces in the rack.

2.11 BIPORTANT: Before mounting the Type 1103-4
Syneronometer, remove the two clamping serews pro-
jecting through the bottom of the unit midway betwesen
the clock mountings at 2ach end of the clock. These are
uzed to clamyp the clock Hrmly during shipment. On in-
stallation, the clock should be free on the airerafi-type
mountings, These screws are identified by having lock
tarminals under the heads, on botiom of case.

2.2  Install the power cord, the crystal oscillator cable
and the temperature box cable io thelr respective sockels
in the botiom of the Type 1102-A. H a Type 1103-4
Syneronometer is used, install the cable between the
Type 1102-A and Type 1103-4, at the upper left rear
of the Type 1102-A.

SECTICN 3.0
OPERATION

3.1  Turn on power by throwing the FIL-PLATE and
HEAT switches, on the panel of the Type 1102-4 Mul-
tivibrators and Power Bupply, to ON.

3.2 After the tubes bave had time to warm up, all ¢ir-
cuits are ready for use. The femperature conirol unil
requires at least two to three hours io reach final tem-
perature of 60° C. At normal room {emperatures the
thermostat cycle is approximately 20 seconds, the beat
being on about 8 seconds, as indicated by the pilot light
mounied over the thermometer on the panel of the Type
1101-A Piezo-Electric Oscillaior.

3.3 ©On starting, the diode meter, on the panel of {he
Type 1101-A Plezo-Electric Oscillator, may swing to

full scale momentarily, After stabilization of the bridge,.

the reading should be 90 +10 pamp. H the reading is
appreciably oudgide this range, readjustment can be made.
{See Service Notes, Paragraph 5.12.)

3.4 - The conirol voliages and {reguencies of the four
moultivibrators, of the Type 1102-A, can be adjusted from
the rear of the equipnent. These adjustments have been
made at the factory and shouid not reguire resetting.
See Service Notes, Paragraph 5.24, for instructions oz
checking and adjusting the muliivibrators.

3.5 'The syncronoieter motor is staried by pressing
the starting button on the panel of the Type 1103-A Syn-
cronometer and momentarily throwing the PLATE swiich
on the Type 1103-A to OFF. After the motor has started
leave the PLATE switch on. When {he syncronometer
motor comes up to nearly syachronous speed, successive
shert pushes of the button are used to bring the motor
into syrchronism.

3,6 The syncronometer can be set, by inserting the
key into the opening at the upper left of the clock face.
Each “click” advances or retards the second hand by
0.5 second. I it is necessary io reset by & conzlderable

amount, the door may be opened and the minute hand
advanced or retarded. When finishing the adiustment,
be sure the mimiie and sweep-second bands are synchro-
nized. Final fine seiting can then be done with the key.

3.7 For time signals of the type transmitied by the
U. 8. Maval Observatory {through the Naval Radio Ser-
vice) the microdial contactor is utilized with a time sig-
pal receiver io compare accurately the time indicated
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Figure 4. ¥unctional block diagram of the {frequen-~.
cies obiainable from a Type 1100-A Standard.
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GENERAL RADID COMPANY

by the syncronemeter with the time signals. The con-
tactor opens the cirouil once each second for about 0,08
second. The time of the opening can be phased {0 occur
ai any instant during a second by inserting the key in the
ppening to the right of the microdial scale and turning
the microdial housing. The microdial conneciions are
brought out on a length of shielded cable which Is a part
of the cable connecting the Type 1103-A Syncronometer
to the Type 1102-A Multivibraters and Power Bupply. The
contactor is comnected across the audio-{requency cutput
of the receiver {from which any d-¢ has been removed)
80 as 10 short-cireuit the telephones or loud-speaker atf
all times except when the coniact opens. In use, turn the
microdial toward earlier time {lower numbers on the
scale) until just the nose of the time tick is audible as
a very short click, The dial is calibrated in §.01-second
intervals and comparisons can be estimated to one~half
division (0.005 second) or better. In general, the limit

of aceuracy of the microdial settings approximates very
closely the errors in the day-to-day transmissions of the
time signals.

The fraction of a second read from the microdial is
to be considered a positive increment. For exampls, i
the clock were 2,25 second slow, the reading of the micro~
dial would be 75 divisions and the time would be read
11:59:58.75 for a time signal occurring at 12:00:00.00.

Since there are 86,400 seconds per day, one part
in a million would be 0.0854 second. H readings of the
microdial are taken every 24 hours and the day-to-day
progresgive differences are divided by 0.0864, the de~
viation of the frequency standard from: frue frequency
ig obtained in parts per million. H the clock is gaining,
the frequency standard is high in frequency, if the clock
loses, the standard is low in fréguency. -

SECTION 4.0
DESCRIPTIONS OF INDIVIDUAL RISTRUMENTS

4,1 TYPE 1i01-A PIEZO-ELECTRIC OSCILLATOR

This unit contains the pigzo-eleciric oscillator,
ouiput amplifier, elemeniary vacuum-~ ~tube volimeier
{for indication of oscillation} and temperature~contr ol
unit, It ig used with the Type 1180-4 100-kc Quartz
Bar which is mounted in the temperaturs conirol box.
Figure § shows a simplified circuil; the complete circuit
diagram is given in Figure 10. CTomponents referred to
below by symbol aumber are identified in the compleie
diagram.

The pscillator consists of a high-gain tuned ampli-
fier siage {V-1) working irto 2 pnase inverter stage {V-2)
which drives the bridge, composed of the quartz bar, Q-1
{with its series reactance L-2, C-8, C-8)}, the resistors
R-8, R-9, and R-10, and the lamp, V-4. The output volt-
age of the bridge {tep corner to ground) is impressed on
the grid-cathode circuit of the amplifier, V- 1.

The operation of the oscillator is briefly sum-
marized hers; for a more complete description and for
an analysis of irsquency stability, see the General Radio
Experimenter, April and May, 1844. On starting the os-
cillator, the lamp, V-4, is cold and iis resistance is low
{tungsten filament). In conseguence, the bridge is badly
_:unbaiancex} the bridge output voltage is relatively large
5 and i %he_preper phase 1o produce oscillation. Qgecilla-
ifE up rapidly, and the lamp begins to warm up.
Jetance of .the: iamp increases, the bridge is

toward baladce.  Thigresidising decreased}___ ;

bridge ouiput voliage, and decreases the amplitude of
oscillation. Equilibrium is reached {inally when the loss
petween input and output of the bridge is just egual io
the gain from the putput back to the input of the bridge
through the amplifier. The frequency of oscillation is
fixed entirely by the quartz bar, operating at its series
resonant frequeﬂc% when there 's 5415 phase smft- 2!

gercphasesiy codiustme ;
ciable phase shifts smmld occur x}ver long periods of
¢ serieswith:the:

The temperature contrel box {see General Radio
Experimenier, August, 1944) consists of an aluminum
casting, forming the inner controlled space in which the
Type 1190 Quartz Bar is mounted; an asbestos board
attenuating laver; an outer aluminum casting, carrying
heating units over all outer surfaces; a balsa wood in-
sulating container; and, finally, a metal housing.

The thermosiat itself is a sensitive mercury-in-
¢lass contacting thermometer, mounted in a thermostat
heater, of very low heat capacity, on the top face of the
outer aluminum casting. A very small amount of heat
{which can be adjusted by a series resistor, R-105, ac-
cessibie under the thermometer cover plate) provides
for the control of the thermal position of the thermostat.
Rotating R-105 clockwise raises the temperature of the
controlled space, Properly adjusted, the compensa.teé
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TAPE 1100-A FREQUENCY STANDARDS

temperature control unit maintains the temperature of
the comtrolled space lodependent of amblent temperature
changes. Even if not perfectly adiusted, the changes in
ambient temperature are reduced by a factor of the order
of 500,

With the low temperature coefficient of frequency
of the Type 1180-A Quariz Bar, the variations in fre-
guency of the standard due o the possible changes in
temperature are entirely negligibie.

4.2 TYPE 119G-A 100-KC QUARTZ BAR

The Type 1180-4 100-ke Quariz Bar includes many
features of importance in maintaining the freguency as
nearly constant as possible over long periods of time.

The mounting is 3 spring suspension, holding the
guartz bar ai the corners only of the long faces, ina
manner such as to introduce the lsast damping (see
Figure 5. The spring tension maintains the mounting
conditions esseniially constant over long periods. Be-
cause of the mode of vibration, there are two nodal
regions and supporis are placed at sach. The guariz
bar is thus held without any tendency io twist or turn
in the mounting.

The electrodes are formed directly on the surfaces
of the quartz. The upper and lower electrodes are divided
at the center of the bar inic two sections. See Figure 6.
The conpections {o one section are reversed with respect
io the connections of the other section. In vibration,
when one half is sxpanding, the other half is coniracting.
The modse of vibration is conseguently the secon&»har«
monic extensional mode,

Invesiigation has shown thal with suitable crogs~
sectional dimensions, a temperature-frequency curve
in the form of an inverted parabola can be obtained. See
Figure 7. At the vertex, where the slope of the curve
is horizontal, Zerodemperature coslficient isobiained.
The temperature at which this point cccurs can be con-
trolied reasonably well in the production of the guartz
bars spihe Bype- 4390 QUaTiE Bay the zero- tempera-
urercoefficientipoint Goties atporisligh ] g

Fxgure ﬁ blagram ef the electrode syste
“ofi the Type IEG{E “A Quaréz Bar.

Figure B, View of the Type 1100-A Quariz Bar with
cover removed to show method of suspension.

4.3 TYPE 1102-A MULTIVIBRATORS AND
POWER SUPPLY

The Type 1102-4 Multivibrators and Power Supply
contains four muitivibrators, for 100 ke, 10 ke, 1 ke, and
100 cycles, and the power supply for the entire frequency
standard. The relay circuits and heater supply trans-
former for the temperature-control section of the Type
1101-A Piezo-Electiric Oscillator are alse included.

The construction of the unit is such that the power
and heater supply transformers, filters, sic., ars mounied
on the rear of the main panel. The multivibrator units
are all mounted on the rear panel, as are the outpal con-
nections from the mullivibrators. All tubes are acces-
sible and removable from the rear.

TFor each multivibrator two sunken serew-driver.
adjustments are provided, one for adjusiment of the fre-"
guency and one for adjustment of the magnitude of control
voltage., The latier rarely requires adjusiment in the”
field. Imstructions for checking and adjusting the muoiti-
vibrator frequencies are given in the Service Notes,
Section 5.2.

Two sets of cutput connections are provided: one
pair for 100-ke and 10-kc harmonic cuipuis for connec-
tion to the Type 1106 Frequency Transier Units of the

0°_TEMPERATURE(G) . 457

i UUPART PER MILLION
| 'PERDEGREE G, AT
THESE POINTS

- maaiééﬂg? CHANGE

S Pigure 1. Temperature-Irequency characteristics

of the Type 1180-A Quariz Bar.
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GENERAL

frequency measuring equipment, and one set of three
for 10 ke, 1 ko, and 100 cycles for conneclion to the
Type 1108-A Comyparison Dscillescope, or other fre-
quency measuring equipment.

Two awitches and two fuses are provided on the
front panel, FIL-PLATE and HEAT switches and LINE
and PLATE fuses.

The multivibrator is generally described as a
“two-siage resistance-capagifance cnk;ﬁ.ed amplifier
with the ouipui connected back to the input”. The fre-
guency of oscillation is determined mainly by the time
constant of the B~C coupling, but also depends on the
tubes, supply voliages and level of operation. The most
imporiant property, utilized in Ireguency standards, is
that of easy synchronization with the freguency of 2 volt-
age introduced into the circuit, either at the fundamental
of the multivibrator, or at any multiple of this frequency
up to 12 or more. A second important property, for use
in frequency standards, is that 2 very large number of
barmonics are generatsed,

The synchronizing property is utilized in*frequency
division”, whereby the frequency of a single-irequency
constant-freguency source can be reduced in successive
steps, each integrally related to the source irequency,
until 2 frequency low enough for the operation of syn-
chronous motors is obtalned. The motor then is operated
as a counter to count the mamber of cycles which the con-
stant frequency source executes in a given Hme, thereby
determining the frequency of the source directly in terms
of time.

The genemtmn of harmonics iz uiilized In “fre"_
quency multiptication” o obiain from- each divider stage s
a very large munber of harmmias ﬁﬁ mmh {unﬁameatm s

frequency.

In gffect, for frequenﬁy measuremem ersses
combined division and muliipiication generates 8
large number of standard frequencies each known mth' e
same precision as that of the consiant freqaency ccntml
frequency. These freguencies can be disiribuied z)veri

very large regions of the freguency spectrum from very

low audio freguencies to very high radio Ireguencies.
4.4 TYPE 1103-A BYNCRONOMETER

The Type 1133-A Syncronometer containg the amp-
lifier and circuits for operation of the syncronometer
motor from a 1-kc source. Power supply is not included,
this being obtained {from the Type 1102-A Multivibrators
and Power Supply.

The synchronous metor i of the Impulse type
operated in an amplifier circuit which is tuned for 1 ke,
The rotor disc is laminated and contains a4 sealed mer-
cury damping ring. The rotor has 100 teeth so the molor
shaii rofates at 10 r.p.s. A worm reduction of 10:1
canses the counter shaft to turn at 1 r.p.s. This ghaft
carries the contactor of the microdial which is deseribed
below. The clock train is opsrated through a differential

: ;'begms and closes just afferwards..

RADIO COMPANY

drive, one side of which is normaily locked by a “click”.
On ipserting the key in the opening sbove and to the left
of the olock Iace, the differential can be unlocked and ad-
vanced or retarded. Each click corresponds to one-half
second,

A starting molor is provided, conirolled by the
push-tution on the panel, io bring the impulse motor
up to speed. When the d-¢ plate current of the ampii-
fier is flowing through the impulse motor windings, the
starting motor camnol turn the wheel. Momentarily
interrupiing the d-¢ plate voliage will permit rotation.
As synchronous speed is approached, short guick pushes
of the bution will permit 2 gradusl increase in speed prtil
synchronism is reached. When the 1mpzﬁse molor is
running synchronousty it will ususlly remain in synchro-
nism even if the starting motor bution s pushed.

The microdial is a device for comparing the time
indicated by the syncronometer with timé gsignals. It
may zlsn be used as 2 seconds contactor. The coniactor
opens the cirout for about §.05 second each second. The
time of the opening can be made io ocour 2t any instant
during the second, by rotating the housing around the
counter shafl, This is done by msertmg the key in the
opeming to the right of the clock face. ‘A scdle is ob-
servable through the window, each éwasma carresmndmg
to 3,01 second.

In making comparisons théz tzme s;gnaisg the
microdial contact is connected acmss i:he output of a
time signal receiver {from which d-¢ voliazes have been
removed) so as to short-circuit the vutput except at the
instants when the contactor opens. . in Flgure &, the first
line represenis dols of the ﬁme szgmi Sequence. The
second line indicates the operdtion of the contactor, which
occurs during spaces between the time dots 50 nothing

S would be heard., The mzﬁrﬂﬁxﬁ ig tiz@zz ‘ser by adjusting

' ‘thé fontact opening to comie ot pmﬁgresswely éariier time,

by turaing the mmreéa&i toward iowsr seale readings.

The: third lins mg}rﬂmn‘?s the final se&tx@ of the micro~

dial, where the circuit is @geneﬁ beforg the time dot
Thug the leading
edge or nose of the time dot is'heard, as indicated in
the fourth line. This adijustment can: e made to about
one~half division on the scale, or 0.008 second.

: s s
3 g v TIHE SIGNAL
£ E § > i
THAE ~oomee H . : i
H H L S
cmsea umsm GlLOSED WMIGRODIAL GONTAGTOR
~oPEM | P toopEnl
; : H i
o : - b CONTAGTDR TURMED TOWARD
¥ oipsEn | OLoBED T EARLIER TURE {LDWER

BLMBERS 08 DiAL)

COMTALTOR SET 50 ONLY
THE MOBE OF TIME DOT
15 HEARD,

o
o
frw

Figure 8. Diagram of time comparison using
the Microdial,
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TYPE 1100-4 FREQUENCY STAWNDARDS

EECTION 5.0
SERVICE HOTESD

5.1 TYPE 1il1-a PIEZO-ELECTRIC OSCILLATOR

5.11 Checking and Adjusting Frequency of Crystad
Oseillator: With the crystal oscillator and 100-ke moul-
tivibrator in operation, harmonics of the multivibrator
will 211 at each of the standard frequency {ransmissions
of the U. 8. Burenu of Standards. {Biation WWV.) Using
an oscillating detector {or a receiver with a beating os-
cillator), adiust to obtain an audible beat tone agalost
the standard harmonice and the standard frequency irans-
migsion, in frn. Adjust to obiain aboul the same sirengib
of signal from the two sources. Then apply both sources
simultaneously io ihe receiver. The resuliing culpt will
be the audio beni tope, waxing and waning in intensity.
The rate of the waxing and waning is the difference in
frequency befween the ¢rystal oscillator and the standard
freguency transmission. On adjusiing C-8 on the rear
nanel of the Type 1101-4A Plezo-Eleciric Oscillator, the
frequency of the oscillator can be set to agres with that
of the standard frequency trapsmission by bringing the
‘Tate of waxing and waning to zers. This adjusimend is
Faciiitated by using as output voltmeter on the receiver.

; Under some congditions of iransmission, the stan-
cdazd frff{guemy transmission will be received with rapid
“changes in amplitude { “sading”}, in which case some care
‘must be taken in adusting for zero beal. Under severe
fading conditions, it is somellmes necessary to off-sst
“the crystal oscillator freguency, Hirst on one side and
the other of zero beal, inking ihe poin! midway
tweeh the two 25 the zero-heal setling.

Under some transmission conditions, a Doppler
hanpe in frequency of ihe siandard frequency irans-
1 aan ta.ke pia%:e for ;ﬁrm@s of wvaml mmaﬂa%,

naking admstment of 0-8 for zero beat with
{reguency transmissions, a series of zero-
eard, it is 3 sige that the quariz crysial
iited and that the oscillator is operating on

my ammmmissisms, Deat freqzmﬂmas
iz m}ipﬂssib}e m adjnst fm’ zero beat,

5.12 Adjusting the Amplitude of the Crysial Oscillator:
When adiusted at the faclory, the resistor B-D {screw-
driver sdmetment on rear panel of the Type 1101-A
Piezo-Flectric Oscillztor) is set so thal the ampiliude
of peeillation, as indicated by the microammeter 3M-1
an the froot pnel, is 80 +10 pa. ¥, with aging or changes
due to shipment, siz., the resistance of the quariz crystal
changes, the atoplitude of oseiliation will change. X the
microamuneter reading is appreciably cuizide the range
of 80 - 100 ua, R-9 shouid be adjusied to obizin 2 meter
reading within the range.

When operating under the above coaditions the cui-
put voltage of the crysial oscillator, as measured with a
vacwrr-she volimeter between the shielded lead conpec-
tion {pin No.1j dnd ground 3t the aviometic connector plug
{(PL~1} should be abont 2.0 volis. See Section 5.2 on
Type 1102-4 Multivibrators for description of access to
multivibrator ¢irculls under ogerating conditions.

5,13 Adjustment of Temperature Controll The amount
of power suppiied to the compensating thermogtal heatsr
is adiusted by variation of B-105, the comtrol helng a
sunken sorew~driver adiustment aocessible under the
thermometer cover plate on the main panel of the Type
1181~ 4 Piezo-Electrie Osclllator. This adjustment is
made at the faciory and should not reqguire resetting. X
it is pecessary o make any adjustment, B-1056 should
e altered in small amounts only to make the thermo-
meter read §0.0°C 40.1°C. Turning the screw-driver
adiustment of B~108 in a clockwise direction raises the
cperating temperature. After any adjustment of R-105,
wait several hours uniil the temperature has fully stabi-
iized before attempting apy further adjusiment,

5.14 Faillure of Eem?emmm Control: i the tem-
perature drops, the causs is probably a burned-oul pliot
light, P-101. This light is mounied under the ther-
mometer cover plate, and is readily replaced. The light
signals the operation of the thermostat and sontrol relay.
Al ordinary room temperatures the lght lights about
every 20 seconds and remaing on for about 6 seconds,
when the temperature control box is fuilly up fo tempera-
ture,

5.2 TYPE 1102-A MULTIVIBRATORS AND
POWER Q%IP?LV

5 21 Sprmcmg Gf %ﬁulﬁm%}ratar Circm‘ts SSuppiisn

cable. X it is. meeSs&
;nmaead a%: f@i?m;r
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multivibrator rear panel. Withdraw the panel from the
cabinei, breaking the connections at the automatic con-
nector plug under the handle at the top of the panel.
Attach the four spacer giuds to the four corner posts.
Plug in the servicing cable at the connector under the
top of the case, and let servicing cable hang over one
of the upper spacing studs. REVERSE the multivibrator
panel so that the tube side is toward the cabinet and
mount on the spacer studs using the wing nuts. Plug in
the end of the service cable {o the connecior at top of
muitivibrator pnel. The multivibraior cireuits are now
entirely exposed and can be operated in the normal man~
ner. Point-ip-point {ests with chmmeter or volimeter
are then very easily made.

5.22 Checking Adjusiment of Multivibrators: The
adjustment of the multivibrators can be checked with
the multivibraior panel in the normal operating pesition.
These checks should be made with all normal multivi-
brator oulput connections in place, The control voltage
adjustments are normally at the maximum in the clock-
wise direction.

5.221 To Check the 100-kc Multivibrator: This
multivibrator is located in the Jower right-hand corner
of the multivibraior panel 235 seen {rom the rear. Two
sunken screw-driver controls are provided: (1) freguency
adjustmment (R-8 and R-10), marked 100 XC and located
near the right edge of the panel and (2) control voltage
adjustment {R-1), wnimarked and located toward the center
of the panel.

Using an 1106-A Freguency Transfer Usit {in
Type 1105 Fregquency Measuring Equipment), or a ¢om-
munications -type receiver which may be tuned to 2 bay-
monic of the 100-ke multivibrator, preferably the 200-ko

harmomie, obtain a beat with the harmonic {200-ka} signal

calling it “zero”, count the pumber of zere beat points
passed through i adinsting the receiver through the
range from 300 to 400 ko, ¥ the number of zero beat
points is 10, the mudtivibrator is operating at the correct
frequency. Check that the 10-ke muliivibrator inpul
control {B-16} i at fuil clockwise position. ¥ the fre-
guency is oo correct, the count ohinined will be 8 or 11,
In such cases, decrease or increase the multivibrator
irequency by adiusting the frecouency conivol (B-21,
R-28) unti] the correct count of 10 is obtained.

When the frequency has besh a:;%iéézégaﬁ. 25 correct,
adjust the reeelver to give an audible beat fone with a
harmonic which is not a multiple of }hﬁﬁ“kc;:&i{} ke for

ment.
Ilf ihe Tye §185~f& Fr@q&z@nﬂy %aaw

readily mrmeﬁ a}m using ihe. ’Iﬁypfz 23
Oscilioscope as follows: Connect the

v using the besat freguemy oseiliator {m oscillating o

detector) of the receiver. Settoa convenient beat frex
quency, say 500 cycles.. Gpemie the fi’ﬁf}ﬁ&ﬂcy..: djust-
ment of the 100-ke multivibrator in both s ¥
the beai tone suddenly’ bécomes zmstea :
another value. MNote the sgread “bef,we et

between the autpu‘t zermml and grﬁund shfmldi_-__  ahout
8 voits, it

5,922 To Check the 10-ke Multivibrator: Usisga’®
Type 1106-A Frequency Transfer Unif, or a communica-:

{ions-type receiver, which can be tuned over a range of
100 kc between adjacent multiples of 100 ko, as from 300
to 400 ke, first check the receiver at these two freguen-
cies. oblained a5 harmonics of the 100-kc multivibrator.
Wexi, connect the output of the 10-ke multivibrator o
the receiver (reflacing the 100-ke multivibrator), Setiing
the receiver at 310 ke, check that o steady beat fone is
obtained. X the tone is unsieady, adiust the 10-ke mul-
tivibrator frequency conirol {located at the upper right
edge of the multivibrator panel, as seen from the rear}
until a steady tone is obiained. Starting at 300 ke, and

the :ﬁé?k‘ﬁ ol -
"'bg* mimmer

5 223 To Ch@fzk iha 1 _25: A izm‘iammx* ‘Where
Type 1105-A Freguency: Mea’mmﬁg Eguipment. 15 avail-

. ‘able, the 1-ke multivibrafor can be checked using the
. Type 1i0%-A Comparison ﬁmm%m;}a a8 described

above {Paragraph 5.222) by connecting the oitput of the
10-ke multivibrator at the Isft rear éo the X terminals
on the penel of the oscilloscops. Throw the CIRCULAR
SWEEP FREQUENCY selector switch to'l EC, Throw
the SELECTOR swiieh iv X vs STANDARD CIRCULAR
SWEEP position. Check that the I-ke input sonivel,
{R-3%) iz in the fuil clockwise position. Then proceed
as described above FPavagraph 5.222), adiusting the 1-ko
multivibrator freguency control (R-38, #-43} as required.
The frsguency confrol is marked 1 EC and is Jocated
at the upper laft hand edge of the multivibraior panel as
seen {rom the rear.
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The 1-ko muliivibrator can also be checked using
an andio-frequency oscillator, such as the Type 1107-A
Interpolation Osciliator and an ordinary cathode-ray
oscilloscope. Connect the 10-ke multivibrator ouiput,
at the left rear of the multivibrator unit, to the vertical
deflection-amplifier of the oscilloscope. Connect the
audio-irequency oscillator to the horizomial defleciion
amplifier. Check that the 1-ke input control (R~33) is
in full clockwise position. Adjust the oscillaior in 2 ke,
when a 5:1 Lissajous figure will be obtained. Adjusi the
oscillator carefully to make the pattern stand still, then
leave the oscillator adiusiment zlone. Replace the 0-ke
vertical deflection input by the 1-ko multivibrator cutp.
A 2:1 stationsry Lissajous figure should be obiained, i
the 1-ke multivibrator is locked in and is adjusted to
correct ireguency.

I difficulty is experienced in inlerpreting lhe
pattern because of distorted wavelorm connect a capa-
citance of 0.05 microfarad or more across the vertical
deflection input.

If the pattern is not stationary, adjust the 1-ke
multivibrator frequency control {(R-38, B-43} ic oblain
2 stationary pattern and readjust if necessary toget a
2:1 ratio. The 1-kc multivibrator freguency conirol is
marked 1 XC and is Iocated at the upper left edge of the
multivibrator panel as seen from the rear.

Vary the frequency control in both directions until
the 2:1 pattern blurs or disappears. Note the spread
between these two points on the Ireguency control; iake
a point midway between them as the final adjustment.

_ The open circuit cutpul voliage of the -k mul~
tivibrator, as measured with 2 vacuum-{ube volimeter
“between the outpuf {erminal and ground, should be about
45 volis.

5.224 To Check the 100-cycle Multivibrator:
_herﬂ the Type 1105-A Freguency Measuring Equlp-
. ment 1s available, the 100-cycle multivibrator can be
-checked using the Type 1109-4 Comparison Oscllioscops
described above {Paragraph 5.222) by connecting the
put of the 1-kc multivibrator to the X terminals on
panel of the oscilloscope. Throw the CIRCULAR

ap_m' & zz;_z’éielxﬁ U. 5. Letters Patent Numbers:

1,967,184
2,025,775

nder ail: pate;}ts ‘and patent spplications of
: pertaining’ !;0 ieno- -gleciric crystals
ek asscc ated cireuits:

FLTANDARDS

SWEEP FREQUENCY selector switch to 100 ~. Throw
the SELECTOR switch {0 X vs STANDARD CIRCULAR
SWEERP posttion, Check that the 100-cycle multivibrator
input control (R-50) is in full clockwise posiion. Then
proceed as in Paragraph 5.222 adjusting the 100-cycle
multivibrator frequency conirol {R-55, R-80) as required.
The frequency control is marked 160 ~ and is located
at the lower left hand edge of the multivibrator mnel as
seen from the rTear.

The 100-cyele muliivibrator can also be checked
using an audio-frequency osciliator and zn ordinary
eathode-ray oscilloscope. Connect the 1-gc multivibrator
output to the vertical deflection amplifier of the osclo-
scope. Connect the audio-freguency oscillator to the
horizontal deflection ampiifier. Check that the 100-cycle
input control {R-50) is in full clockwise position. Adjust
the oscillator to 200 cycles, when a bl Lissajous figure
will be obiained. Then proceed as oullined in Para-
graph 5.223.

I difficulty is experienced in interpreting the
patiern because of distorted wavelorm, conneet a capa-
citance of 0.05 microfarad, or larger, across the vertical
deflection amplifier inpt.

Vary the freguency control {E-55, R-60) in both
directions wnfil the 2:1 petiern blurs or disappears. Hole
the spread between these two points on the frequency con-
trol; take 2 polnt midway beiween them as the final ad-
justment..

The open cireuil ouipul voltage of the 100-cycle
muliivibrator, as measured with a vacuum~tube voli-
meter between output and ground, should be about 40
volts.

5.3 TYPE 1103-A SYNCRONOMETER

The Type 1103-A Syncronometer requires little
attention. The bearings are all sealed ball-bearings
reguiring no lubrication. A very small amount of light
oil may he placed on the vertical and horizontal worm
gears about once 2 year. Dccaslonally, a sgueak may
develop at the cam shoe of the microdial, in which case
a very liftle light oll may be placed on the cam face,

THIS INSTRUMENT IS LICENREL UNDER
PATENTS OF THL AMERICAN TELLPHOME
Atf TLLEGRAPH COMPANY SOLELY FOR
YTIIZATION 1N AESTARGH, INVESTIGATION,
MEASUREMENT, TESTING, INSTAUCTION
AND DEVELOPMENT WORR IN PURE
AMD APPLED SCITMGE

THIS APPASAFUS USES IBVENTIONS OF UNITED
STATRS PATEMTS LICENSLED BY RADIO
CORPORATION OF AMERIGA, FATENT HUMBERS
SURPLIED UPON REQUEST. LICENSEGOMLYFOROR
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TEST DATA
on
TYPE 1100-__ FREQUENCY STANDARD

Type 1103-A  Syncronometer
Serial e, oo s

Type 1102-A  Multivibrators and Power Supply Unit
Serial No.

Type 1101-A Piezo-Electric Oscillator
Serial No. e
Freguency Adjust
Temperature ____°C,
Diode Meier Reading _

div.

[T

Type 1130-A Quartz Bar
Berial No.

TYPE 1105-A
FREQUENCY MEASURING EQUIPMENT

Type 1107-A  Interpolation Oscillator
Serial No.

Type 1109-A  Comparisen Oscilloscope
Serial No.

Type 1106-A Freguency Transfer Unit
Serial No.

Type 1106-B  Frequency Transfer Unit
Serial No. :

Type 11086-C Frequency Transfer Unit
Serial No. Gl

Type 1108-A  Coupling Panel
Serial No.

DATE: No._ - OBSERVER:.
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COMPONERTS FOR OSCILLATOR

REBISTORS TYPE
Rl = 220 Ohms 110% REC-20BF
R=2 = 47 K Obms +10% REC-20BF
2-3 = 330 Ohes 1309 REC=Z0BF
felh = 1.0 Megohms 1i0% REC-208F
R=5 = B8O Ohms 104 REC-20DF
R-8 =2200 Ohms +40% RE(=-30BF
Ry =2700 Ohms  2i0% REC-30BF
B8 = %  Ohms +59 REC-20BF
Re2 = 2000 Ohms 1wljf5=7
B=10 = 370 Ohms £ Z%Ei"vi
R-11 = 2700 Ohms 1104 £C-30BF
A-12 = 2700 Ohms +107% E%ﬁ@w%u??
Helz = 15 % Ohms  zip% REC-30BF
=1l = 4700  Ohms +109 REC-30DF
R=i% = 47 Ghms 1107 REC-~Z00F

% For walues of R-3 see ¥iscellaneous below

COKDERRERS
Ley = i.0 uf CoL=5
=7 = 0.5 uf oL~y
(=3 = 7140 w’? COd~5i
C-4 = 0.5003 uf 221 Com- 50
t-5 = 0.02uf 1102 COM- 508
L5 =  0.51 .:f + 104 CoM-458
-7 = 9.5 uf LOH-2
L-g = 13-320 L0412
feg = 0.0002 54 zz% LOM=-800
faif) = 0.5 nt {0%-3
L-31 = 0. 0z uf  £107 COM- 558
{mig = 3.01 u 0% COM=-458
e 0.08 +10% £0¥- 368
MISCELLANEOUS

=1 = inductor  378-3% 2 for 50 k&:\i
L=7 & inducter 378-34-2 for 50 ke )
=g = 7700 128% for 50 ch
=] = inductor  379-38=2 for 100 kO
Le=§ = ingucior  379-39-2 for 100 ke Siandarc
B8 = 680 0 £5% for {00 kc
#el = Heter 0-200 o awp. Westion 805 MED-Z2
PL=§ = Plug COMP-463-8
0=1 = Dyartz Bar 1130-A {100 x¢)

COMPONENTS FOR TEMPERATURE BOX
R-101 REPO-4, | Req. ] 13, 1000 & 3 sets of
8= 132h-L = REPD=-6,}1 Reg. 56 resistors .n paraliel.
A=1034-F = REPG-7, & Reg. | Three zets in series.
R-0u = 260 Ohms 15% 1101-26
B=105 = 2000 Ohms PO 3W-3
Ew!é& F 1000 Ohms 2§87 IRC TYPE 88-i/2
R=107 = B2 kO 210% REC-20 BF
F=101 = Fusible Link §47-50
$+101 = Thermostat  TH-%03. 60
FL-101 = Plug LOMP=4E5-4

WIRING DIAGRAM

HOIA PIEZO ELECTRIC OSCILLATOR
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!
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] R e e e
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i 7 5
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| end -8 !8{”’7? 7 % !
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e = -5 | ; ar AN o+ DN= il
| L i il
| i
=R 713 o
c-13 W
S ! i
o il
2 s = = 1
e b 1l]
——— e TEMPERATURE BOX
M | 1
o-/ G2 i ) [T T = R |
L I Green | wsei §§ §§ g% %g § %.» ;
= = ™ N Yy « - S ! =
A B B-107 L G | TO POWER SUPPLY
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Vo2 = BSH7-GT N1 e o 507, 5 miod | R065 3-8 8 ¢ &5 &5 | Heg-20
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RESISTORS u owa. No. 1102 -5D
R-101 = 1800 Ohms (0% IRC  TYPE Bw-} PLATE ‘ N
B=162 = 100 Ohms =109 1RC  TYPE Bw-1/y 02 g Bt Ik to clock amplifier
8-183 = | M egohm 2108 IR TYPE BT4 ~ &
5
} |
— F et L
P i H
1107 LINE 3% JubE e I X TO MULTIVIBRATOR
10 Z}\% ViD= RCA SRAGY , “;‘j?m"jﬂ—:n” %M 7 B Pl 7 on
coRpENSERS ] e \w . : S R-103 i e e - g%i;?j gg%
£~101 = 16 uf COE-4 @g ffﬁfﬁf 5 ’ - ! iiks ale C@jjﬁc’é ==
C-102 = 0.1 uf COL~2 ) : - B ! e = L
C-103 = 0.01 »f £10% € Type 3L m— ; L i l
C-104 = 0.00 uf £1G3 €D Type 3t T4 ] =L ¥
- 05 = W0 LT 10 £0L~8 g i =
C-106 = 4.0 at 210} CoL-8 ,gﬁy;g@g f e e i
t~z®7 = 4,0 uf 210} CoL-8 20-60n 3 == EQ—-—C ﬁ SRR SRR SRR RN R RS
W1 TCHES b 70 0 fgg,w,w,z;f g
$-101 = 8#27 SWI-333 €. volts - ] Al
. - i ; fed et ki | o
$-102 = OPST  SWT-333 1 HiGmens - (G T e c’g?ffﬁg
$-103 = RELAY  $RE.5 I T
TRANSFORMERY e -SR-S
T-101 = W7 — R
T-102 = 485-us2 = =
{HDULTORS
L-101 = 485-47¢ NOTE: FOR T-I01, T-102
=102 = 1102-26 For 115y, connect 7 to 5~ T roa C-102  RAH0Z2
For 230y connect®? 10%3" ] "
i i ¥
, \ fmzaf‘g j o
FUSES T\ g R-101 i 26 el
For 115v. 50-607 inpui: j ! LY I — j
F=101 = 2 amp. Slow Blow 3AH GR FUF-y 7 “:”ﬁjﬁg gié,& i (T %5*503
For 230v. 50-807 inpui: 502 | é§§:; O | %‘g
F~101 = { app. Siow Blow 3AG GR FUF-| ! LI|IE 5
For {i%v, 40N, input: 2z % ~ 1§§ : ;
F=101 » 3.2 amp. Slow Blow 3AG 88 FUF=1 HEAT OFF J’ngggj
For 230v. #04, input: 5;% 5 pel- -
F=101 = {.6 amp. Slow Zlow 3AG BR FUF-| 4jj”ig ‘
F~102 = 0.8 amp. 343 6R FUF-2 WS, a
% ,
_RECTIFIER = Miw_ |
RX-10] = ZRE-1400-3 f{%j 5002
£ s 70 OSCHLATOR
- 5 Pi-107 on
L ji0i-4D
4 SR G 7o, X 3 5 "‘{'g\ ™y N o> e
WIRING DIAGRAM FOR 1I0ZA MULTIVIBRATORS & POWER SUPPLY
(POWER SUPPLY SECTION, FOR MULTIVIBRATOR SEE PWG 110Z2-4p)
| \\3 %35 }kC (] section filter)
| %/-nlc}] 5er 230 POWER
H *’35‘%0’3‘?«) TRANSFORME] RECTIFIER FILTER i 4 7 {2 section fi'/fé’f/)
R
§
% 6.3 voll A.C. 3 circuils
: N
HOZ2A ELEMENTRY SCHEMATIC DIAGRAM
T HEAT o CRYSTAL
TRANSFORME, T I o LA OVEN
%p , i HOIA) W 1101-4)
. 018
TUBE LAYOUT — i
)
STOP_VIEW
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Anb? - W K Dhms 1% EE?Q«»§§
+10% REC-30BF  §-58 = 30 K Dms £1% REPR-1€
+104 REC~20BF  R-5g 30 K Ohws 1% REPR= 1€
+ g REC~-3OBF  Rogo = 20 ¥ (hms Part of ﬁﬁﬁmﬁf
419 REPR-18 Bafi - {0 K Obms + 1% - Lo

Pert of §102-305 -y = 30 ¥ Obms 3%
4% REPR=-18 Befg = | Megohm +40%
+1% REPR=1€  gpugy = (0 K Ohms 1104
19 REPR=-18  g.e5 = [0 K Ohms 1404 i
Pert of 110223085 ~3Re08 = 2 K Ohms £5% - REPDs 1B
£1% REPR-16  pog7 = 5@ K Ohms +10% REC-30LF
£16% REC-30BF  R.g5 = 33 K Ohms £10% REC-307F
+10% REC=300F  g.gg = 47 K Ohme £10% REC-308F
£5% REPO-18  Re70 = 1,0 Megohm +10% REC-30BF
£10% REC-30BF  R-71 = 100 X Ohms £10% REC-Z0BE
30 i-465
+10% REC-30BF CONDERSERS
£ 0% Rr-208F L=t = 0.00) of £104 M43 8
+10% REC-30BF B3 = 0.002 of +10% =50
1% REPR=} gmg = §,§§$%2§ ui +2%
?ﬁ?i &§ 40 G o W%’%’ = xw@@%%é Ak »ﬁgn}a
i AEeale G5 = 0.000100 of 4101
+19 REPRw1s (-6 = B.000020 uf +{0%
14 REPR-16  bo7 = 0,004 of £10% . COM-458
s34 REPRwj2 (=8 = 1.0 wf . 5@%%%
b i 2 308 {wd = 8,00 of 0%
i?% %g%g w%@ g”%@ = ﬁ ﬁ% ,»,? . i%ﬁg
£ 4 REPR =18 =i = 8.001520 of 2%
£10% REC-0BE Loy = 8.5004520 ot t2%
104 REC.anBF  C=13 = £.000500 uf o Lo
5% REPO- 16 Lwiy = £.006200 uf t 10%
29 VR AR Leis ® 0,00k of £ 104
£ 0% REC-30BF  poig = 9.0 uf
| WI-485 e 172 0,000 uf +104
£10% REC3BF  ¢.yg = p gz ot =04
+ 30% REL-ZOBF = i *ANE T ag
i REc.sopr M8 s 0.005835 uf £ 2%
*ié% gggé g =20 = 6.005115 uf +2%
g il L-27 = 0.89 .7 +10%
o §5§§@3ﬁ? {-22 = 0.002 .f +30% ¢
4% %g R=18 f=22 = 4.0 uf {2, 2.0 uf in jr) X
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