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TYPE

1,1 FPUNDAMENTAL PRINCIPLES

The determination of frequency divectly in lerms
of time is 2 fundarmenial measurement, since freguency
ig the time rate of recurrence of a cyclical phenomenon.
A primary standard of freguency is, therefors, defined as
one whose frequency s determined direetly in ferms of
time. A secondary siandard is one whose Ireguency is
determined by comparison with a primary siandard, ov
by comparison with other secondary standards, some
one of which was originally compared with a primary
standard.

It is to be noted that the above classifications of
frequency siandards have nothing to do with the acoura-
cies of the standards. In fact the same standard is logi-
cally classed as a primary standard i checked drectly
against time, and 88 2 secondary standard if cheeked
39&1!}&: standard frequency iransmissions {representing

g a distant primary standard).

_ in practive, the responsibility of ectablishing and
< raaintaleing aamra% time determinations by astronomi-

"aal observations is not assumed by the individuals de-
‘miving a primary standard of frequency. The tine deter-
minations are carried out by observalories especially
egiipped for the parpose. The resulls are made avzilable
toa largs mumber of users by radip and wire trans-
:mﬁsmm Inthe U o Biates, the U, 3. ¥Waval Observa-
tm’y transmits high-precision time signals by radin
i mmg"; the Tacilities of the U, 8, Maval Radio Bervice,
Dyafismissions on several freguencies are avaliabie
several times 2 day and can be received nearly all over
he world,

o The user of & primary frequency siandard can then
onveniently defermine the frequency of the standard in
: 5 0f the andard time interval sent io kim by radio.
i the @ﬁnem Badio eguipment means are provided Ior
iekly and e&s&y woaking this comparison. For the most
: resulis, the errors of the trapsmitted time sig-
st be takeén into account. Correciion ei&ia may be
'é_ Ea? apgﬁymg io the &@Qr?ﬂiﬁﬁdﬁﬁi . 8 Maval

‘th@;%ea' s0a] Bureau 4;? Stamﬁarés the plego-electric
lators of é;%zea iat er’'s primary frequency staadard

11060-A  FREQUENCY STANDARDS

SECTION 2.0
INTRCGDUCTION

are checked in the same way as the former’s astronord-
cal plpeks, the comparison with time is, in effeci, car-
ried put by the chesrvatory. The standard Ireguency
transmissions sent oud by the Buresw of Slandards con-
seguently mweﬁm 2 orimary standard of high precision
available to 5l who tan receive the iransmissions.

Where suth %rammﬁssévm eap be recelved, it iz generally
more convenient and much guicker 1o make the compari-
son by frequency than by fime, For information and
schedules of transmission of standard freguencies, apply
tp the Radic Division, Burssu of Standards, Depariment
o Commercs, Washingion, DL C.

Berauss of the vagaries of high {regueacy frans-
mission, many users rely on chacks against time as 2
reserve, Thev also use the primary standard as 2 high-
precision olock for Iaboratory timing purposes.

AZ so far considered, the precision oscillator isa
single-freguescy devies, For practical niility I is peces-
sary to obizin from this single freguency many other fre-
quenvies, bhoth above 4nd below the standard frequency,
for conveniencs {n'measuremenis. Since most of the
precision oscillators operate In the region of 50 to 100ke,
it 1s necessary io divide the Irsquency {0 obiain a value
surch that an ¢asily constrocied syochronous molor can
be used to count the munber of cveles execuled by the
precigion oseillator in 2 standard interve] of time. For
mesnsurements of Hgh radio Ireguencles, § 18 necessary
to multiply the standard {reqguency to obiain uselu] fre-
guencies in the range of the {raquency being measured.
Both of thess operations are readily ;fﬁ@rmed by & con-
irolled relazalion osciilator, known as 2 multivibrator.

An oscillator of this lype is characierized by Hs
suscepiibility o control by an introduced voliage, the
freguency of which lies near the fuadamental, or low-
order barmonio, freguency. In the controlisd conditions
the relazation oscillalor locks into step with the control
veltage, and the frequency bears an integral relationship
i the freguency of the controlling voliage,

1,2 THE TYPE 1100-4 FREQUERCY STANDARDS

The Type 1100-4 Freguency Handard is availlable
in two forms, a primary standard {Type 1100-AF) and a
secondary stapdard (Type 1IG0-AG0. The primary stan-
dard includes a synoronometer (synchronous motor clockl
for svaluating the frequency in terms of siandard time.
Mo timing means is furnished with the secondary stan-
dard, but & very satisfactory Ireguency check can be
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obtained by comparison with the standard freguency radio
transmissions from the Nations] Bureoy of Standsrds at
Washingion, I €,

The {reguency of the pregision %c%\lia?@r is 13 ke,
which is divided successively by factors of 10 o obizin
multivibrator fundamenta! Irequencies ﬂf ‘i{? i, and 0.1k,
A fourth multivibrator operating at s fundamentsl fre-
guency of 100 ke provides a large number of harmonics
al 100-ke intervals for use at high radio frequencies.
Harmonics of the M-ke multivibrator are similarly used.
In the audio-fraquency and low-radio-freguency range
{up t0 one or two mdred ko) a cathode ray oscilloscope
is used to obiain bundreds of koown freguencies, This
is simpler than trying io make use of barmonics of ihe
low standard freguencies.

The range of useful putpy Irﬂqzmzzmes obtainable
from the Genperal Radic Primary {or Secondary) Fre-
quency Stapdard is indicated in Pigure 4.

Type 1101-4 Piezo-Eleciric Osciliator

{with temperature conirol unit)
Type 1190-4 100-ko Quartz Bar and Mounting
Type 1102-A Multivibraiors and Power Bupply
Type 1303-4 Bynoronometer

Brisf descriptions of these msirymenis are glven
in the Inllowing mges,

1.22 The Type 1100-AQ Secondary Frequency Bandard
iz composzed of the fellowing instruments:

Type 11C1-A Piezo-Fleciric Dscillator

{with temperature control unig)
Type 1180-4 100-ke Quarts Bar dnd Mounting
FTvps 110244 mmtwﬁzraxf}vs ;mzi P{}‘EJ{ZE‘ Supply

1.23 Intercopnections E}eﬁwe@ﬁ ﬁ:ze mz'is:zzm uniis are
made by means of cablies and piugk supplied with the
o eguipment. Spitable patch covds sre proviged for con-

' o nection to the {reguency-measuring eqdipraent when the
1.21 The Type 1B0-AP Primary 5 Frequency S&;mﬁard'
is composed of the following m'stz‘umeﬂ% o

__':szandam and Type 1105-4 ﬁre{guem;w%mmrmg Equip-
m@m are purchaged z,agaﬂm

Figure 3.
Standard mounted in bench-iype cabinet rack,

Type 1100-AQ Secondary Freguency




TYPE 1160-A FREQUENCY STANDARDS

SECTION 2.0
INSTALLATION

2.1 RELAY RACKS

Unless otherwise specified, a bench-type cabinet
rack is furnished with either standard.

In order that the interconnecting cables will fit
properly, the squipment showld be mounted as Iollows
from top to bottom of the space.

Type 1103-A Syncronomeier

Type 1102-A Multivibrators and Power Bupply

Type 1101-A Pilezo-Elediric Oscillator

Blank panels are supplied {o fill the remaining
spaces in the rack.

2,11 IMPORTANT: Before mounting the Type 1103-4
Syncronometer, remove the two clamping serews pro-
jecting through the bottom of the unit midway belween
the clock mountings at each end of the clock. These are
used io clamp the clock firmly during shipmeni. On in-
stallation, the clock should be free on the airerafi-type
mountings., These screws are identified by having lock
terminals under the heads, on botiom of case.

2.2  Install the power cord, the crystal oscillator cable
and the temperature box cable {o their respective socketls
in the botiom of the Type 1102-A. H a Type 1103-A
Syncronometer is used, install the cable between the
Type 1102-A and Type 1103-4A, at the upper left rear
of the Type 1102-A.

SECTION 3.0
OPERATION

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

3.2 After the tubes have had time to warm up, all ¢ir-
cuits are ready for use. The lemperature control unit
requires at least two to three hours to reach final tem-
perature of 60° C. At normal room temperatures the
thermostat cycle is approximately 20 seconds, the heat
being on about § seconds, as indicated by the pHot light
mounted over the thermometer on the panel of the Type
1101-A Piezn-Electric Osciliator.

3.3 On starting, the diode meter, on the panel of the
Type 1101-4A Piezo-Eleciric Oscilialor, may swing io

full seale momentarily, After siabilization of the bridge,.

the reading should be 90 +10 yamp. I the reading is
appreciably oaside this range, readusiment can be made.
{See Service Notes, Paragraph 5.12.)

3.4 » The control voliages and {requencies of the four
multivibrators, of the Type 1102-4, can be adjusted from
the rear of the equipment. These adjustments bave been
made at the factory and should noi require resetiing.
See Service Notes, Paragraph 5.22, for instructions on
checking and adiusting the multivibrators.

3.5 The syncronometer moior is staried by pressing
the starting button on the panel of the Type 1103-A Syn-~
cronometer and momentarily throwing the PLATE switch
on the Type 1103-A to OFF. After the motor has started
leave the PLATE switch on. When the syneronometer
motor comes up to nearly synchronous speed, successive
short pushes of the button are used to bring the motor
into synehronism.

3.6 The syncronometier can be set, by inserting the
key into the opening ai the wpper left of the clock face.
Each “click” advances or retards the second hand by
0.5 second. H i is necessary io reset by a considerable

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

3.7 For time signals of the type transmitted by the
. 8. Naval Chservatory {through the Naval Hadie Ser-
vice) the microdial contactor is utilized with a time sig-
nal receiver 1o compare sccurately the time indicated
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Figure 4. Functional block diagram of the frequen-.
cies obtailnable from a Type 1100-A Standard.
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by the syncronometer with the time signals. The con-
tactor opens the cireuil once each second for abeout 0.05
second. The time of the opening can be phased to osour
at any instant during a second by ingerting the key in the
opening to the right of the microdial scale and furning
the microdial housing. The micredial connections are
brought out on a length of ghielded cable which is a part
of the cable connecting the Type 1103-A Syneronometisr
tn the Type 1102-A Multivibrators and Power Supply. The
contactor is connecied across the audio-frequency oulpul
of the receiver {from which any d~c hag been removed)
s0 as o short-circanit the telephones or loud-speaker at
all times except when the contact opens. In use, turn the
microdial toward earlier time {lower numbers on the
scale) until just the nose of the time tick is aundible as
a very short click. The dial is calibrated in 0.01-second
intervals and comparisons can be estimated to one-hall
division (0.005 second) or better. In general, the limit

of accuracy of the microdial seitings approximates very
closely the errors in the day-to-day transmissions of the
time signals.

The fraction of a second read Irom the microdial is
1o be considered a positive increment. For example, i
theclock were 0,25 second slow, the reading of the micro-
dial would be 75 divisions and the time would be read
11:59:56.75 for a time signal occurring at 12:00:00.00.

Since there are 85,400 seconds per day, one part
in 2 million would be 0.0864 second. I readings of the
microdial are taken every 24 hours and the day-to-day
progressive differences are divided by:0.0864, the de-
viation of the frequency standard from trae frequency
is obtained in paris per mﬂlmn, big the elock is gaining,
the frequency standard is high in frequency, if the clock
loses, the standard is low in frequency. .

SECTION 4.0
DESCRIPTIONS OF INDIVIDUAL INSTRUMENTS

4,1 TYPE 1101-A PIEZO-ELECTRIC OSCILLATOR

This unit contains the plero-eleciric oseillator,
output amplifier, elementary vacuum- ~tube volimeter
{for indication of oscillation) and temperature-conirol
unit. It iz used with the Type 1190-4 100-ke Quartz
Bar which is mounied in the temperature conirol box.
Figure 9 shows a simyplified cireull; the complete eircuit
diagram is given in Figure 10. Components referred to
below by symbol number are identified in the complete
diagram.

The ogeillator consists of a high-gain tuned ampli-
fier stage (V-1 working intc a pmse inverter stage (V-3
which drives the bridge, composed of the guariz bar, Q-1
{with its series reactance L-2, C-8, C-§}, the resistors
R-8, R-9, and B-10, and the lamp, V-4. The output volt-
age of the bridge {top corner 10 ground) is impressed on
the grid-cathode circuit of the amplifier, V-1.

The operation of the oscillaior is briefly sum-
marized here; for a more complete description and for
zn analysis of frequency siability, see the General Radio
Experimenter, April and May, 1944. On starting the os-
3 cﬁlatar, the lamp, V-4, is coid and its resisiance is low
:{tungsten filament). In consequence, the bridge is badly
unbaiaxsceci* the bridge outpul voltage is relatively large
and in the proper phase te produce oscillation. Oscilia-

'ons buzid up rapxd}y, and the lamyp begins to warm up.

v 's the, esisians:e of the: iamp mcreases, tim. bridge 15_

bridge outmit voliage, and decreases the amplitude of
oscillation. Equilibrium is reached finally when the ioss
between input and ouiput of the bridge is just equal to
the gain from the cutput back to the input of the bridge
through the amplifier. The frequency of oscillation is
fize. entirely by the quariz bar, operating at its series
rescnant frequency, whesthete ds.no phaseshift’inthe
amptifisrand-whentherg:igno reactance addediinigeries
Sithathe erystal. < Ehe mpl;her_has heonchecked for.
werephyseshiit and the ddiusiien tocked. No appre-
ciable phase shifts snould oegur over long periods of
z5 semes wzth ﬁ;he--.

The temperature control box {see General Radio
Experimenier, August, 1944) consists of an aluminum
casting, forming the inner conirolled space in which the
Type 1180 Quartz Bar is mounted; an asbestoes board
attenuating layer; an ouier aluminum casting, carrying
heating units over all outer surfaces; a balsa wood in-
sulating container; and, finally, 2 metal housing.

The thermostat liself is a sensitive mercury-in-
glass contacting thermometer, mounted in a thermostat
heater, of very low heat capacity, on the top face of the
cuter aluminum ecasting. A very small amount of heat
{which can be adjusted by a series resistor, R- 105, ac~
cessible under the thermometer cover plaje) provides
for the control of the thermal position of the thermostat.
Rotating R~105 clockwise raiges the temperature of the

_ cantrm}et% space. Properly adgusted the compensated _




TYPE 1100-A FREQUENCY S5TANDARDS

ismperature contrel unil maintains the temperature of
the conirolled space independent of ambient temperature
changes. Even If not periectly adjusted, the changes in
ambient temperature are reduced by a facior of the order
of 500,

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

4.2 TYPE 1190-A 100-KC QUARTZ BAR

The Type 1180-A 100-ke Quaritz Bar includes many
features of imporiance in maintaining the frequency as
nearly constant ag possible over long pericds of time.

The mounting is a spring suspension, holding the
quariz bar at the corners only of the long faces, ina
manner such as to iniroduce the least damping {see
Figure 5). The spring tension maintains the mounting
conditions essentially constant over long periods., Be-
cause of the mode of vibration, there are two nodal
regions and supports are placed at each., The guartz
bar is thus heid without any tendency to iwist or turn
in the mounting.

The electrodes are formed dirvectly on the surfaces
of the guartz. The vpper and lower electrodes are divided
at the center of the bar inio two sections. See Figure 6.
The connections to one section are reversed with respect
1o the connections of the other section. In vibration,
when one half ic expanding, the other half is coniracting.
The mode of vibration is consequently the second-har-
monic extensional mode.

Investigation has shown that with suitable cross-
sectional dimensions, a temperature~irequency curve
in the form of an inverted parabola can be obtained. See
Figure 7. Ai ihe veriex, where the slope af the curve

The temperaturﬂ a’t Wh}.ch thls pmn" Geours ean be con-
trolled reasonably well in the production of the guartz
bars 1o the Type 3199—& Quartz Ba,r the zero. tempera—

F1gure 5 ﬁi&gram cf the eiectrozie sysiem:
‘o the Type HG{}WA Quartz Bar.

Figure 5, View of the Type 1180-A Quartz 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 multivibrators, for 100 ke, 10 ke, 1 ke, and
100 cycles, and the power supply for the entire frequency
standard. The relay circuils and heater supply trans-
former for the temperature~control section of the Type
1101-4 Piewo-Eleciric Oscillator are alsc included.

The construction of the unit is such that the power
and heater supply transformers, filters, sic., are mounted
on the rear of the main panel. The multivibrator units
are all mounted on the rear panel, as are the output con-
nections {rom the multivibrators. All tubes are acces-
sibie and removable {rom the rear.

For each mudtivibrator two sunken screw-driver
adjustments are provided, one for adjustment of the fre-
quency amdl one for adinstment of the magnitude of control
voltage. The latier rarely reguires adiustmoent in the -
field. Imstructions for checking and adjusting the mulli-
vibrator freguencies are given in the Bervice Motles,
Section 5.2.

Two sets of output connections are provided: one
pair for 100-ke and 10-kc harmonic outputs for connec-
tion to the Type 11066 Frequem:y Transfer Units of the

l : U U AT UPER. MILLION
_ Cielos R pER DEGREE G, AT
Ll i THESE POINTS

Figure 7. Temperaﬂzure frequency characieristics
of the Type 1180-A Quariz Bar.
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frequency measuring equipment, and one set of three
for 10 ke, § ke, and 100 cycles for connection {o the
Type 11089-A Comparison Oscilloscope, o7 other fre-
quency measuring equipment.

Two awliches ang {wo fuses are provided on the
front pansl, FIL-PLATE and HEAT switches and LINE
and PLATE fuses.

The multivibrator is generally described as a
“two-stage resistance-gapacitance @ehpied amplifier
with the output connected back {o the input”. The fre-
gquency of cscillation is determined malnly by the time
congtant of the R-C counling, but also depends on the
tubes, supply voltages and level of operation. The most
imporiant property, utilized in frequency standards, is
that of easy synchronization with the frequency of 2 volt-
age introduced into the circult, either at the fundamental
of the multivibrator, or at any multipie of this frequency
up to 12 or more. A second important property, for use
in frequency standards, is thal a very large number of
harmonics are generated.

The synchronizing property is utilized in“frequency
division”, whereby the Irequency of a single-irequency
constant-frequency source can be reduced in successive
steps, sach integrally related to the source Irequency,
until a freqguency low encugh for the operation of syn-
chronous motors is obtained. The motor then is operated
as a counter to count the number of cycles which the con-
stant freguency scurce executss in a given time, thereby
determining the frequency of the source directly in lerms
of time.

The gemratmn of harmonics is wilized in "fre-

guency muliiplication” to obtain from sach dwzaer sta,ge:
a very large mumber of harmonics uf ﬁ&th faﬁdamgm& :

frequency.

In effect, for frequency mé&éﬁféﬁééét mr@bges th

combined division and muliipiication generdies

large number of standard frequencies each knpwe with th :

same precision as that of the consiant fregaency ‘COBLLD

irequency. These frequencies can be disiributed over;:
very large regions of the freguency speciru from very
low audio {reguencies to very high radio Ireguencies.

4.4 TYPE 1103-A SYNCRONOMETER

The Type 1103-4 Syncronometer contains the amp-
lifier and circuits for operation of the synoronomeier
motor from & I-ko scurce. Power supply is not included,
this being obtained from the Type 1102-A Multivibrators
and Fower Supply.

The synchronous motor is of the impulse fype
operaied in an amplifier cireuit which is funed for 1 ke.
The rotor disc is laminated and contains a sealed mer-
cury damping ring. The rotor has 100 teeth so the mofor
shaft rotates at 10 r.p.8. A worm reduction of 10:1
canses the counter shaft to tura at 1 r.p.s. This shaft
carries the coptactor of the microdial which Is described
below. The clock train iz operated through a differential

BADIC COMPANY

drive, one side of which is normally locked by a “elick”.
O laserting the key in the opening above and to the left
of the ciock face, the differential can be unlocked and ad-
vanced or retarded. Each ¢lick corresponds to one~half
secoml.

A starting motor is provided, controlled by the
push-button on the panel, to bring the impulse motor
up i0 speed. When the d-c plate current of the ampli-
fier is flowlog through the impulse motor windings, the
starting motor canact iurn the wheel., Momentarily
interrupting the d-c plate voliage will permil rotation.
As synchronous speed 1s approached, short quick pushes
of the bution will permit 2 gradual increase in speed uniil
synchronism is reached. When the impuise motor is
runming synchronously it will usually remain in synchro-
nism even if the siariing motor bution is pushed.

The microdial is a device for comparing the time
indicated by the syncronometer with time sighals. It
may alse be used as a seconds comtacior, The contacior
opens the circudt for about 0.05 second ea:::h sacond. The
time of the opening can be made to ocour'at any instant
during the second, by rolaling the h{msmﬂ around the
counter shaft. This is done by nmer%;z&g {he Key in the
opening to the right of the clock face. & secale is ob-
gervable through the window, each dsvzsmn cerreswndmg
to 8.01 second.

in making comparisons with tirce signals, the
microdial contact is connected acrogs fhe ouiput of a
time signal receiver {from which d-c Vﬁimges have been
removad) 50 a8 o short-circuil tize ﬁiailpﬁi exae;at at the
instanis when the confactor openg. !l Fxgz;re 8, the first
line represents dois of the time szgml seqaence The
second line indicates the operation of the wmacfar, which

ooeours {mrmg spaces between the' é:zmﬁ €06 50 nothing
©wondd be heard. The mmz‘i}dmi is then set by adiusting

the contact cpening ic comeal g}r@gresswely cariier time,
by turning the microdial toward lower scale readings.
The third line repredents i?ie final se‘timg of the micro~

“.dizl, where the circuif i§ opened before the time dot
- begins and closes just afferwards. .
‘edge or nose of the time dof ig heard, a¢ indicated in

"i“?ﬁs the leading

the fourih line. Thiz adiustment can be magde to about
one~hulf division on the scale, or 0.008 sccond.

TINE GiGNAL
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Figure B, Diagram of time comparison ssing
the Microdial,




TYPE 11G0-A FHREQUENCY STAKDARDS

SECTION 5.0

BERVICE BOTES

5.1 TYPE 1i1-4 PIEZO-ZLECTRIC OSCILLATOR

5.11 Checking and Adjusting Freguency of Crystai
Oseillator: With the crystal oscillator and 100-ke raul-
fivibrator in operation, barmonics of the mullivibrator
will f21l af sach of the standard frequency transmissions
Sf the U, 8. Bureau of Standards. {Siation WWV.) Using
an oecillating detecior {or a receiver with a beating os-
cillator), adiust to obiain an audible beat tone against
the standard barmonic and the standard freguency irans-
mission, in furn. Adjust to obtain about the sime strength
of signal from the two scurces. Then apply both sources
simultaneously 10 the receiver. The resulling output will
be the audio beal fone, waxing and waning in intensity.
The rate of the waxing and waning is the difference in
fraguency between the crystal oscillator and the standard
freguency iraasmission. On adjusting C-8 on the rear
pane] of the Type 1101-A Plego-Electric Uscillator, the
frequency of the oscillator can be set to agree with that
‘of the standard {requency trapsmission by bringing the

o rate of waxing and waning to gero. This adjustment is
| faeilitsted by using aa output volimeler on the recelver.

chi Under some conditions of transmission, the stan-

‘dard frequency transmission will be received with rapid
hanges in amplitude {“fading”), in which case some care
must be teken in adinsting for zere beal. Under zever
faiimg conditions, it is sometimes necessary o ofl- m‘i
He frysial oscillator freguency, first oo one side and
then the other of zero beai, takiog the point midway
hemfam Ethe two as the zero-beal seiting.

%nder some {ransmission conditions, a Doppler
hange in frequency of the standard frequency trans-
gion can take place for pericds of several minules
; "ﬁaﬁges in freqaﬁmxy are only of m@ order of 1in

5.12 Adjusting the Amplitude of the Crysial Oscillator:
YWhen adiusted st the factory, the resistor B- {sorew-
driver adiustment on rear panel of the Type 1101-A
Piezo-Electric Oscillator) is set so that the amplitude
of oscillation, as indicated by the microammeter M-1
~p the fyont panel, i 90 <16 ua. ¥, with aging or changes
due to shipment, ste., the resisiance of the quartz crystal
changes, the araplitude of oscillation will change. M ihe
microammeter reading is appreciably cuiside the range
of B0 - 100 ua, R-9 should be adjusied to obizin a2 meter
reading within the range.

When operating under the sbove conditions the ocut~
put voltage of ihe crysial oselliaior, a8 measured with 2
vacunm-tube voitingter between the shielded lead connec-
tion (pin No.1j and ground at the avtomatic connector plug
{PL~1} shouid be sbout 2.0 volts. See Section 5.2 on
Type 11024 Muliivibraters for descripiion of access io
muliivibrator mmmtﬁ unéer gpemmag conditions.

5,12 Adgzzstmmt zﬁ Temyemmm Control: The amount
of power sugplied to the compensaiing thermostal heater
iz adiusted by variaiion of B-105, the conirol being a
sunken screw~driver adiustment azcessible under the
thermometer cover plate on the main panel of the Type
1181~ 4 Piezo-Electric Oscillator. This adpstment is
made at the faciory apd should not reguire resefting., X
it is necessary o make any adiusiment, B-105 should
pe aliered in small amounts only o make the thermo-
meter read 80.0°C +0.1°C. Turning the sorew-driver
adiustment of B-105 in a clockwise direction raiges the
cperating temperature, After mny adjustment of R-105,
wait several hours wiil the temperature has fully sitabi-
iized before attempting any further adiusiment,

5.14 Failure of Temperaiurs Controll H the tem-
perature drops, the cause is probably 2 burned-out pilot
light, P-101., This light iz mounted under the ther-
mometer cover plate, and I8 readily replaced. The light
zignals the operation of the thermosial and conlrol relay.
At ordinary room temperatures the light lights about
every 20 seconds and remaing op for about § seconds,
when the temperature control box is fully up to tempera-
ture.

5.2 TYPE 1102-A MULTIVIBEATORS AND
POWER Qﬁ??"i[‘f :

5.21 Sﬁwzcmg of E’Emﬁﬂbmtm %ircmﬁs"b Sagmiz.e_
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multivibrator rear panel. Withdraw the panel from the
cabinet, breaking the connections at the automatic cop-
nector plug uwnder the handle at the top of the panel.
Attach the four spacer studs to the four corner posts,
Plug in the servicing cable at the connecior under the
top of the case, and lef servicing cable hang over one
of the upper spacing studs., REVERSE the multivibrator
panel 30 that the ube side is toward the cabinel and
mound on the spacer studs using the wing nuis. Plug in
the end of the service cable io the conpecior at fop of
multivibrator panel. The multivibrator circuits are now
entirely exposed and can be operated in the normal man-
ner. Poini~io-point tests with chmmeter or volimeter
are then very easily made.

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

§.221 To Check the 100-ke Multivibrator: This
muitivibrator is located in the lower righi-hand corner
of the multivibrator pansi as seen from the rear. Two
sunken screw-driver controls are provided: (1) frequency
adjustment (R-8 and R-10), marked 100 XKC and located
near the right edge of the panel and {2) control voliage
adjustment {R-1), unmarked and located toward the center
of the panel,

Using an 11068-A Freguency Transfer Unit {in
Type 1105 Freguency Measuring Equipment), or a ¢om-
munjcations-type receiver which may be tuned to 3 har-
monic of the 100-ke multivibraior; preferably the 200-5c

harmonic, obiain a beat with the harmonic: (200~ke). signal:
by using the beat fg’equensy assﬂiamr {ar &Sml}.a‘tmg.":: 2

detector) of the receiver. ‘Bel t6 a2 Convenient Beat fr
guency, say 500 cycles. Qgeraie 1iie imqaency adjus
ment of the 100-ke mouitivibrator in Doth direct ns: zmtﬁ
the beat tone suddenly betomes uns 'a hiiatizikie]
another value, Note the spread betwe _
on the frequency control; gnd iake 2 pokg m;d.
as the {inal adjustmoent, 0

The open-~circuif outputb v@l‘t&ge o ﬂie
{ivibrator; as measured with a vacmm~mhe vmitme‘ter
between the output ferminal and grmmﬁ sht’mld b@ ahsut

3 volis.

5.222 To Check the 10-kc mﬁ:{tivibratér:*usingi %

Type 1108-A Frequency Transfer Unit, or 2 communica-
tions-type receiver, which can be iuned over 2 range of
100 ke between adircent muilipies of 100 ke, as {rom 300
to 400 ke, first check the recelver at these two freguen-
cies obizined as harmonics of the 100-ko mudtivibrator,
Wexi, connact the output of the 10-ke multivibrator to
the receiver {re@aamg the 100-ke multivibrator), Settng
the receiver at 310 ke, check ihat a steady beat fone is
obiained. I the fone is unsteady, adjust the 18-ke mul-
tivibrator frequency control {located ai the upper right
adge of the multivibrator panel, as seen {rom the rear)
until 2 steady tone is obiained. Siariing at 300 ko, and

calling i “zero”, count the mumber of zers beat poinis
mssed through in adiusting the receiver through the
range {rom 300 to 400 ke, ¥ the nunber of zero beat
points is 10, the multivibrator is operafing at the correct
freguency. Check that the 10-kr mullivibrator input
control {R~18) iz at full clockwise position. ¥ the fre-
gquency is not correct, the cound obiained will e 8 or 1L
In such cases, decroase or inerease the muliivibrator
ireguency by adjusting the frequency control {(B-21,
B-26) until the correct count of ii} ig ab@zmezﬁ

When the freguency has been g*ﬁe{t%gaé as correct,
adjust the reseiver to give an audibie beat mzze with a
harmonic which is not a muﬁig}iﬁ i}f 1(}{} Iis:%:5 31& é{g for

'aemry ComTol
and take g poimt mza%way hetween &wm & final odisi-
ment. P

¥ the Type 1105-A E‘r@queﬁﬁj;-M' 5
is avaliable, checking of {he I0-

readﬁy carrisd gm Lasmg i:ize Tyw

o X ve STAMDARD Q?I{CE?LAR
sweep diameler as necessay

obtain 2 miﬁma?y ;mmm
_abtam fché m‘}rwm ‘mmher

_%}éi;wee*x these %‘ﬁ@ '
take o g:aam%: mﬂmg ;

é_ ﬁ;' }?__@:«k{:_ mk-
2 1"'%; e wimmez"

5 223 To Qheﬁk the B %m Maiizwbmmf Whers

: "l{‘ype 1105-A Fraguency %«iea"ﬁrmg X@mésmeﬁt is avail~
able, the 1-kc muliivibrator can be checked using the
" Type 1108-A Comparison %}sam%mpe ag described
" apove {Paragraph 5.22% by cosnecting the votmit of the

10-ke muliivibrator at the Ieft rear ia the X terminsls
on the panel of the oscilloscope. Theow the CIRCULAR
EWEED FREQUENCY selscior swiich to' 1 EC. Throw
the SELECTOR awitch to ¥ vs STANDARD CIRCULAR
SWEEP position. Check that the I-ko inpd coniroel,
{R-32) is in the full clockwise position. Then procesd
as described above {Paragraph 5.222), adusting the 1-ke
muliivibrator freguency control (R-38, B-43) as reguived.
The freguency conirol is marked 1 KO and is located
at the upper left hand edge of the multivibrator pmnel as
seen {rom the rear,

¢

i
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The 1-kc multivibraior can also be checked using
an audio-frequenny oscillator, such as the Type 1107-A
Interpolation Oscillator and an erdinazy cathode-ray
oacilloscope, Connect the 10-ke multivibrator output,
at the left rear of the multivibrator unii, 1o the vertleal
deflection-amplifier of the oscilloscope. Connect the
aundio-frequency osciliator to the horizonial deflection
amplifier. Check that the 1-kec input control (R-33) is
in full clockwise position. Adjust the oscillaior io 2 ke,
when a 5:1 Lissajous figure will be oblained. Adjust the
oseilintor carefully to make the pattern stand still, then
leave the oscillator adjustment alone. Replace the i0-ke
vertical deflection inpat by the 1-ke multivibrator ouipul.
4 2:1 siationary Lissajous figure should be obtained, i
the 1-ko multivibrator is locked in and is adjusted to
correct freguency.

If difficulty is experienced ip interpreiing the
pattern because of distoried waveform connect 8 capa-
citance of 8.05 microfarad or more across the vertical
deflection input.

If the pattern is not stationary, adjust the I-ke
multivibrator freguency conirel {R-38, R-43} to obiain
2 stationary pattern and readjust i necessary to geta
2:1 ratio. The 1-ke muliivibrator {requency controf is
marked 1 KO and is located at the upper lefi 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. MNote the spread
between these two points on the {requency control; take

" a point midway between them as the linel adjustment.

o The open circuit output voltage of the 1-k¢ mul-
o tivibrator, as measured with 2 vaouwum-tube voltmeter
: .betweep the output terminal and ground, should be about

S 5,224 To Check the 100-cycle Mullivibrator:
‘here the Type 1105-A Frequency Measuring Equip-
em is available, the 100-cyele multivibrator can be
heck@d using the Type ElOg—A Comparison Oscilloscope
deseribed above (Paragraph 5.222) by connecting the
wiput of the i-kc muliivibrator ic the X terminals on
the panel of the oscilloscope. Throw the CIRCULAR

‘ uﬁacm' ed umier U. 5. Letters Patenl Numbers:

1,867,184
2,025,775

STANDARDS

SWERP FREQUENCY selsctor switch to 100~ Throw
the SELECTOR swilch {0 X vs STANDARD CIRCULAR
SWERP position. Check that the 100-cycle multivibrator
input conirel (R-50) is in full elockwise position. Then
proceed as in Paragraph 5.222 adjusting the 100-cycle
multivibrator frequency control (R-55, B-60) as required.
The frequency conirol is marked 100 ~ and is located
at the lower left hand edge of the mullivibrator panel as
seen from the rear.

The 00-cycle muliivibrator can also be checked
using an audio-ireguency oscillator and an ordinary
cathode-ray nseilloscope. Cosnect the I-ke multivibrator
output to the vertical deflection amplifier of the oscillo-
seope. Comnect the audio-freguency osciliator io the
horizomal deflection ampiifier. Cheek that the 100-cycle
input control {R-507 is in full clockwise position. Adjust
the pscillator to 200 cycles, when a 5:1 Lissajous figure
will be obiained. Then proceed as ouilined in Para-
graph 5.223.

¥ difficuliy is experienced in inierpreting the
pattern because of distorted wavelorm, connect a capa-
eitapce of (L05 microfarad, or larger, acrogs the vertieal
deflection amp%iﬁer ingst.

Vary the Erequemy control {R-55, R-60) in both
directions until the 2:1 pditern Wiurs or disappears. Note
the spread between thess two poinis on the frequency con-
trol: fake 2 point midway between them as ihe final ad-
justment..

The open circuit output voliags of the 100-cycle
multivibrator, as measured with a vacuum-tube volt-
meter between output and ground, should be about 40
yolis.

5.3 TYPE 1103-A SYNCRONOMETER

The Type 1103-4 Syncronometer requires little
attention., The bearings are all sealed ball-bearings
reguiring no lubrication, A very small amount of light
oil may be placed on the vertical and horlzonial worm
gears aboul once a year. Occasionally, a sguesk may
develop al the cam shoe of the microdial, in which case
a very iittle light oll may be placed on the cam face,

THIZ INSTAUMEMT 15 LICENSLD UNDER
PATEMTS OF THL AMERICAN TELEPHONE
APE TELEGHAPH LCOMBANY SDLELY FOR
UTILZATION 1M AESEARCH, INVESTIGATION,
MEASURIMEMT, TESTING, INSTRUCTION
ANG DEVELGRMENT WORM IN PURE
AMD RFPLILC SCIENMCE

THIS APPARATUS USLS INVENTIONS OF UNITEO
STATES BATENTS LILENSED BY RADIO
CORPORRTEDN OF AMTRICA, PATENT MUMBERS
BURFLICD UPON REQUEST. LITENSED OMUY FOROR;
FOR UST 19 MEASUMNG DA TESTING ELECTROMIE:
DENCES, ELECTROM TUBE CIRGUITS, PAATS OF . |
SUGH DEVIGIS AMD CHICUITS, AND TLEMENTS ..
FOR USE 1M SUCH DEVICES AND CIRCUITS. "




TEST DATA
on ' o .
TYPE 1100-_. FREQUENCY STANDARD .

Type 1103-A  Syncronometer
Serial No.

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

Type 1101-A Piezp-Eleciric Oscillator
Serial No, e
Fregquency Adjust
Temperature _°C,
Diode Meter Heading

div.

HEN

Type 1180-A Quariz Bar
Berial No.

TYPE 1105-A :
FREQUENCY MEASURING EQUIPMENT

Type 1107-A  Interpolation Gscillator.
Serial No.

Type 1108-A  Comparison Oscilloscope
Serial No.

Type 1106-A Freguency Transfer Unit
Serial No,

Type 1108-B Frequency Transfer Unit
Serial Mo.

Type 1108-C  Freguency Transfer Unit S
Serial No. SRRERTY

Type 1168-A  Coupling Panel
Serial No.

No.
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