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ACCURACY:

POWER SUPPLY:

ACCESSORIES SUPPLIED:

MOUNTING:

DIMENSIONS:

WEIGHT:

SPECIFICATIONS

The accuracy of measuremnent that can be realized is
+0.1 cyclein the difference between unknown and stand-
ard frequencies. Resolution varies with the frequency
being measured, ranging from 2 parts in 10Y at low
frequencies to 1 part in 10 at high freguencies.

105 to 125 {or 210 o 250} volts, 30 - 60 cycles, Power
input receptacle will accept either Z-wire {Type CAP-
33} or 3-wire (Type CAP-15) power cord. Two-wire
cord is supplied. Power consumption is 200 watts.

Spare fuses, blank panels, connecting cables, including
power cords.

The complete assembly, except for the Type 1107-4A
Interpolation Oscillator, mounts in a standaxd 19-inch
Type 480-MA Cabinet Rack, This rackincludes service
outlets for each instrument, The interpolation oscilla-
tor mounts in the frequency standard rack, as shown in
Figure 1.

Height 76-1/8 in,, width 22 in., depth 20-1/2 in, (195 by
35 by 50 mm}, over-all., Total rack space is 48 rack
units, or 70 in. (180 mm).

375 1b (170 kg}, including rack,

U. 5. Patent No. 2,548,457




PART

PART

PART

PART

PART

PART

PART

PART

TYPE

TYPE

TABLE OF CONTENTS

INTRODUCTION . . . . .

i DESCRIPTION OF COMPONENT INSTRUMENTS

TYPE 1108 COUPLING PANEL., . . .
TYPE 1106 FREQUENCY TRANIFER BNI’T\‘; .
TYPE 1107 INTERPOLATION O3CILLATOR
TYPE 1180 COMPARISON O3CILLOSCOPE,

I ABBEMBLY OF INSTRUMENTS |
I CONNECTIONS

POWER BUPRLY . . e e e e
BADIO-FREQUENCY CONNE(,TEGNS e e e e
AUDIO-FREQUENCY CONNECTIONS .

IV METHODS OF MAKING FREQUENCY MEASUREMENTS.

AUDIC FREQUENCIES 0 TGO 5 KO,

FREQUENCIES FROM 5 TO 100 KC . .
FREQUENCIES FROM 100 KC TO 10 MC OR MGRE
FREQUENCIES W0 MC TO 100 MC, . . . . . . .
FREQUENCIES ABOVE 100 MC . .

Y TYPE 1108 COUPLING PANEL .

FREQUENCY MEASUREMENT ., ., .
WIRING DIAGRAM FOR TYPE 1108-B COUPLE\IG PANEL
MICRODIAL . b e e e e e e e

VI MAREING FREQUENCY MEASUBEMENTE -
STEPS REQUIRED .

VI MAKIDNG TREQUENCY MEASUREMENTS: PROCEDURE
VI TYPE 1109 COMPARISON OSCILLOSCOPE

WIRING DIAGRAM FOR TYPE 1100-B COMPARISON
OSCILLOSCOPE . Ce e e e e
APPLICATIONZ. . . . . . .+ « .« .+ .« .+ .+ + . .

1106 FREQUENCY THANSFER UNITE. . . . . .

SECTION 1 DESCRIPTION,
SECTION 2 INSTALLATION
SECTION 3 QOPERATION

13107 INTERPOLATION OSCILLATOR.

BECTION 1 DRESCRIPTION. . . . . . . . . . . .

SECTION 2 INSTALLATION v

SECTION 3 OPERATION . . . . . . .

SECTION 4 MAINTENANCE . . .

WIRING DIAGRAM FOR TYPE 1107- A ENTERPOLATIGN
OBCILLATOR

WH{ING DIAGRAM FOR TYPE 1166-4 FREQUENCY TRANSFER UNIT
WH{ING DIAGRAM FOR TYPE 1106-B FREQUENCY TRANSFER UNIT
W ING BIAGRAM FOR TYPE 1106-C FREQUENCY TRANSFER UNIT

s hoLn Ay enoen & T S ]

wWor B

10
15
17
20
21
21
21
25
25

27
28




Figure }. Type 1105-B Frequency Meosuring Equipment {right) with Type 1120-AH Primary
Freguency Standard.

Left, top to botiem: Type 1103-B Syncronomster, Type 1114-A Frequency Divider, ,
Type 1113-A Stondard-Frequency Oscillaior, Type 1112-A Standard-Frequency
Multiplier, Type 1112-B 1D00-Mc Standard-Frequency Multiplier.

Right, top to bottom: Type 1109-B Comparison Osciliescope, Type 1104-A Frequency

Transfer Unit, Type 1106-B Frequency Transfer Unit, Type 1108-C Frequency

Transfer Unit, Type 1108-B Coupling Panel, Type 1107-A interpolation Oscillator.




TYPE 1105-B

INTRODUCTION

A General Hadio Type 1120-A Primary Freguency
Standard supplies o multitnde of acourately known stand~
dard-frequency reference poinis distributed st conven-
jient imtervals over the audic- and radio-{requency spec-
trum. The sguipment for measuring a freguency lying
somewhers betwesan these standard reference poinis is
termed the interpolating or measuring equipment.

The complete agssembly of freguency standard and
measuring equipment provides means for measoring
{requencies throughout the range from very low audic
freguencies io 100 Me or more with an aceuracy of one
cyele or better up to 10 Me or more, and one part in a
miilisn or better from 10 Mc io 100 Mc or more. The
desired in the range above 100 ke up to 100 Mc or more
with corresponding accuracies. Audio fregquencies can
" - Bie produced in the range up to 5000 cycles per second.

PART 1
DESCRIPTION OF COMPONENT INSTRUMENTS

: A brief general description of the individual instru-

onts of the Type 1105 Frequency Measuriag Bquipment
iggiven in the following paragraphs. Detailed instruc-
ons for the Type 11068 Frequency Transfer Units are
‘given on page 21, for the Type 1107 Interpolation Oscilla-
tor on page 25, and for the Type 1109 Comparison Os-
eilloscope on page 15

PE 1108 COUPLING PANEL

“Fhis ugnit 8 the centralized control panel to which
& frequency standard and measuring instruments are
nected for all necessary interconnections required
sking meagurements. These operations are carried
ut by use of the swilches and volume controls provided
¢ coupling panel. This unit containg 10-ke and 100-
monic generators, which produce harmonies up

covering frequency ranges of 180 -2000 ke, 1-30
d 10~ 100 Mc respectively. Beth the frequency
nd détector have range switches and direct-
frequency dials.

equency meter is used for accurate idénti-
armonie: frequenmes of the frequenty Stanw

FREQUENCY

‘3 subsidhite; source when the frequency bemg fi‘eqﬂﬂmw& e

EASURING EQUIPMENT

The Type 1105-8 Frequency Measuring Equipment
congists of the following instruments:

Type 1109 Comparison Oscilloscope

Type 1106 Frequency Transfer Units (Three)
Type 1107 Interpolation QOscillator

Type 1108 Coupling Panel

This book supplies detailed instructions for seiiing
up and making {requency measurements with the above
eguipment. Every effort has been made to make the
egquinment meet every measuring problem within its
seope and to make the insiructions as clear as possibie.
¥ guestions should arise, the Engineering Department
of the General Radio Company will be glad to give any
possible assisiance.

measured is subjected to static interference, fading or
intermitieni operation such as keying; as a means of
determining the sign of beat frequency differences; as
2 means of aveiding very low beat frequencies; and as
a source of a desired accurately known freguency.

The harmonic cutputs of the heterodyne irequency
meters are available at concentric shielded jacks on the
panel of the Type 1108 Coupling Panel, for use in exter-
nal eguipment.

The heterodyne delector is utilized to pick up and
identify the frequency {o be measured; to oblain the beat~
frequency difference between a frequency being measured
and 2z harmonic of the standard; and as a means of aceu-
rately matching two frequencies by the “three- oscﬁ.lamr
method.

TYPE 1107 INTERPOLATION OSCILLATOR

This instrument is used particularly for-evaluating .
the frequency difference between a frequency bemg mea,wﬁ
sured and a harmonic of the frequency standard.’ Jis s
beat-frequency oscillator, having & linear, easxly_ read; -
scale of 5000 divisions. ¥ covers z freguency rangé oL
& - 5000 cyeles per second. Provisivn is made; throug_h’.
reversmg the direction of freqﬁency varaatmn thh ch ;




GENERAL RADIO COMPANY

Provision is made for rapldly checking and cor-
recting the pscillator callbrafion in terms of the ire-
guency standard so that interpolation can be carried out
with the best possible precision.

The outpal voitmeter can be used as a beatindicalor
for matching the oscillator frequency with another fre-
quency in cases where the cathode ray oscilioscope is
not uaed.

TYPE 1108 COMPARISON OSCILLOSCOPE

The cathode ray oscilioscope provides a versatile,
rapid, and accurate means of comparing Iregnencies.
Throvueh the use of multiple patterns a very large number
of known frequencies are obiainable from 2 given stan-
dard frequency. The instrument also safeguards against
grrors in matching freguencies, since the pattern lmme-
diately iagicales whether or not the frequency ratio is
one-to~pne. {1 has been found that many persons so lack
2 sense of pitch that they will “maich” frequencies in

PART I
ASSEMBLY OF DNSTRUMENTS

It is reconmended that the sguipment be assembled
as shown in Figure 1. The measuring equipment may be
placed on the other side of the standard, if desired. The
position shown is somewhat more convenient. Openings
in the vabinetis, with removable cover plates, sxe pro-

PART IE
COMNEOTIONS

Al of the interconnecting cables for the undls of
the Primary Fregquency Standard are supplied with the
gtandard. For comnections between the frequency stan-
dard and measuring equipment, and between the varicus
units of the measuring squipment, shielded concentric
cables are supplied. These are of suificient length to

P-1 Using the short power cords, supplied with the 480~
¥4 Racks, plug 2 cord into the Type 1108 Compari-
son Oscillator receptacle, make a round turn, and
plug into adjacent receptacle of service strip on left
hand side of cabinet. {The service sirip is not de-

.. lineated in Figure 2.}

':'_'_?"—:.‘Z.Zf--}:iepe.at {P-1} for Type 1106-A Freguency Transier
Uit
: ;_'Ee;:}eat {p-31} for Type 1108-B Freguency Transier
ndf

' peat{P—l} for Type 1108-C Freguency Transier

P-5 Repeat (P-1) for Type 1108-B Coupling Panel.

POWER SUPPLY

ratios of 2:1 or 112 by aural wethods thinking they bave
a ratic of £:2.}

Easily interpreted patierns are obiained through
the uze of a cireular sweep this glves 3 symmeirical
patiern without overlapping of the “forward” and “return”
traces. The frequency being checkedcauses the spoliobe
deflevted radially, through the yse of 4 specisl radisl
deflection slectrode. When two frequencies arse nearly
maiched, thepattern slowly.rolates;the direcHonof rola- :
tion indicates-iramedistely which is.the higher of-thedwo .
froguencies. - the-sign-of the frequeney. differsnce.

The comparizon oscilloscops is particularly useful
ag an avdio-{reguency standardizing and calibrating de- -
vice, and is generally so emploved in meking freguency
megsuremenis. Provision is made o uss the oscilic-
seope with 2 variabie frequeney circular sweep, which
permits the oscilloscops 1o be used a8 a fregaency mea-
suring device for ireguencles wp io a few bundrad kilo-
cycies,

vided for the connections which pass betwesn the two
racks., Hemove the cover plates of the openings reguired
for the desired assembly before placing the cabinet racks
together.

serve for either arrangement of the equipment described
in Part IL

The {oilowing list tabulates the connections io be
made, Al refersnces to right or lefl, sic. are a5 soen
from the rear of the assembly, Refer to Figure 2.

P-§ Repeat {P-1) for Type 1103-B Syncronometer.

P-T7 Bepeat {P-1} for Type 1113-A Standard-Freguency
Dscillator.

P-8 Repeat (P-1) for Type 1147-A Interpolation Qscil-
iator.

P-8 Repeat (P-1 for Type 1112-4 Stendard-Frequency
Multiplisr,

P~10 Repeat {P-1) {or Type 1112-B Standard-Frequency
Bultiplier,

F-11 Phug cord from Type 1114-A Standard-Frequengy
Divider into service sirip.




Figure 2. A rear view

outline skeich of the com-~

quency Standard and Type

plete Type 1120-A Fre-
1105-8 Frequency Mea~

suring Equipment showing
the location and arrange-
ment of theintercommecting

cables.
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Lengih
{tn in.}

47 R-3

36 R-4

28 R-5

47 R-6

38 R-T7

28 R-8

L

21
{n in.y un

T4 A-4

47 A5
U 36 A-8

GENERAL RADIO DOMPANTY

BADIO-FREQUENCY CONNECTIONS

All connections are made with pateh cords of RG-58-U radio-freguency cabie.

From DET INPUT jack on 1166-A Freguency
Transfer Unit, through rings 5, 4, 3, 2, to
DET INPUT-L {Low Freguency) jack on 1108
Coupling Panel.

From DET INPUT jack on 1106-B ¥reguency
Transfer Unit, through rings 4, 3, 2, to DET
INPUT-M (Medium Frequency) jack on 1108
Coupling Panel.

From DET INPUT jack on 1166-C Fregquency
Transfer Unit, through rings 3, 2, to DET
INPUT-E {High Frequency) jack on 1108 Cou-
pling Panel,

From HFM OUT jack on 1106-A Fregquency
Transier Unit, through rings 10, 8, 8, 7, to
HFM-L {Low Freguency) jack on 1108 Cou-
pling Panel,

From HFM OUT jack on 1108-B Frequency
Transfer Unit, through rings 9, 8, 7, to BFM-M
(Medium Freguency) jack on 1108 Coupling
Panel.

From HFM OUT-1 jack on 1106-C Frequency
Transier Unit {center group of jacks), through

AUDIO-FREQUENCY CONNECTIONS

From PL-~1 on Type 1103 Syncronometer
through rings 18, 15, 14, 13, through the lower
rack opening, to MICRODIAL jack on 1108
Coupling Panel.

From the DET OUT jack of the 1106-A Fre-
quency Transfer Unit, through rings 5, 4, 3, 2,
to DET QUTPUT-L {Low Freguency) jack on
1108 Coupling Panel.

From the DET QUT jack of the 1106-B Fre~
quency Transfer Unit, through rings 4, 3, 2,
to DET QUTPUT-M (Medium Frequency)
jack on 1108 Coupling Panel.

From the DET QUT jack of the 1106-C Fre-

-~ guency Transfer Unit, through rings 3, 2, io
- DET QUTPUT-H (High Frequency) jack on

- _IIDS Coupling Panel,

‘From the DET OUT jack of the 1109 Com-
‘parigon Oscilioscope, through rings 11, 10,

length
{in in)

12

65

65

8

28

28

Length

fining Run
2, 8, 7, to DET QUT-2 jack on 1108 Coupling
Panel.

58 A-~11 From INTERP OUT jack of the 1109 Com-
parison Oscilloscope, through rings 11, 10,
8, 8 7, to INTERP QUT-2 jack on 1108 Cou-
pling Panel,

36 A-12 From SPER jack on 1108 Coupling Panel,
through ring 7 io jack on the 1105-F1 Loud-
speaker Panej.

55 A-21 From theld0-cycle ouiput jack on the 1114-P5

Run

rings 8, 7, to HFM-H-1 {High Frequency) lack
on 1108 Coupling Panel.

From HFM OUT-2 jack on 1106-C Freguency
Transfer Unit {right hand jack), to HFM-H-2
{High Freguency -2} jack on 1108 Coupling
Panel.

R-15 From 100-kc OUTL jack on Type LLI4-P2 Fre-
guency Divider through upper rack opening,
rings 8, 8, and 7, to ETD 100 kc jack on 11068
Coupling Panel.

R-16 From right-hand 10-ke OUT hjack onllid-P3,
through upper rack operdng, rings 9, & and 7,
to 87D 10 ke jack on 1108 Coupling Panel

R-17 From Type 1113~A BMe OUT jack, through
ring 21, to Type 1114-P1 5Mc IN jack.

R-18 From Type 1112-A 100Mc OUT jack, through
ring 18, to Type 1112-B 100¥c IN jack.

B-18 From Type 1112-A 87D N jack, through rings
18, 15, and 20, to Type 1113-4 BMc OUT to
1112-A jack.

Frequency Divider, through upper rack opening,
through rings 10, 11, to 100-cyele input jack
on Type 1108 Comparison Oscilloscope.®

*When the {requency standard rack is at the
left of the measuring equipment rack the cable
can be led through ring 14 in the frequency
standard cabinet io improve appearance.




55 A-22 Repeat A-21 for 1 ke {rom 1114-P4.
U85 A-23 Repeat A-2] for 10 ke from 1114-P3,

A-~24 From Types 1103-B 1 ke jack to Type 1113~ -P4
1 ke QUT {upper).

A-28 From the INPUT jack of the 1107 Inferpolation
(scillator, through rings 14 and 13, then
through the lower rack opening, to DET OUT-1
jack on 1108 Coupling Panel.

A-29 From the QUTPUT jack of the 1107 Interpola~
tion Oscillator, through rings 14 and 13, then
through the lower rack opening fo INTERP
QUT-1 jack on 1108 Coupling Panel.

s frethod used in measuring 2 particular {re-
epends primarily upon the range in which the
req&emy falls. The most convenient outline
3T the frequency ranges invelved, as follows:

EQUENCIES 0 TO 5 KC

“eqiencies in the range 0 to Ske are guickly
v matching with the Type 1107 Interpolation
sing-the DIRECT scale. The oscillator
€ brought to equality with the frequency
sured by means of the output meter of the os~
_:_.heat indicator) or by means of the
Gsmiioscope. The cﬂsm;lator can be

"frequency stanéard using the 1109
sscope.as an indicator. In such cases,
of the dscillator 15 used 1o correct
atmn aé: 2 pa;nt very near ic the

5, the 1109 Comparison
ince. it permits the 1107
_accurately tG a mui-

TYPE 11056~-B FREQUENCY MEASURING EQUIPMENT

NOTE: Completion of the above connections
ieaves ceriain terminals unused onthe 1108
Coupling Panel. These arer DET INPUT EXT
and DET QUTPUT 82T, which are for con-
nection of an external receiver, if desired;
the fx2 connection, which is for connection,
af the rear of the assembly, of the source
whose freguency is to be measured {ihe ixl
connection of the front panel of the 1108 Cou-
pling Panel is separate from the {22 jack);
and the TEL copnection for the conneciion,
at the rear of the assembly, of 2 pair of tele-
phones. {This is sometimes a coavenience
when adjusting the freqguency standard against
standard frequency transraissions.)

PART I¥
METHODS OF MAKING FREQUENCY MEASUREMENTS

tiple of the frequency being mensured. The type of pat-
tern obtained on the oscilloscope gives definitely the
multiple used.

I FREQUENCIES FROM 5 TO 100 KC

In this range two methods are readily available,
The first utilizes the 1108 Comparison Oscilloscope
with a variable frequency circular sweep produced by
the 1107 Interpolation Oscillator. The frequency to be
measured iz connected io the radial deflection amplifier
of the oscillescope. Starting with the 1107 Interpolation
Oscillator at 5 ke on the DIRECT scale, the oscillaior
frequency is gradually reduced until 2 “single line” pat-
tern is obtained. The number of scallops around the
pattern gives the number of times the oscillator fre-
quency is contained in the unknown frequency, or the
number of times the ogcillator freguency must be mul-
tiplied to obitain the unknown irequency. Further details
are given in Part ViIL

Bhe; o&c:i}.&tor-- --cam}ratmn an be__ s%;andardxz.ad:--;-.
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giving resulis within a cycle or two for freguencies
apto 100 k.

The second method is to wtilize harmonice of the
{reguency being measured, so that 2 usable signal can
e obtained at a2 freguency over 100 ke, the lower Limit
of the Type 1106-A Frequency Transfer Unil, and pro-
ceeding as outlined in the following section. ¥ the socurce
has po harmondcs, they can be generated by passing the
source oulpat through a rectifier or distoriing amgifier.

For harmonics which fall in the range just above
160 ke, the Irequencies can be measured within +0.1
cycle, or +1 in 1,000,008, which is betler than in the
preceding method

i FREQUENCIES FROM 180 EC TO 10 MC

Frequencies throughout this rangs are measured
in termas of 10-kc harmonics from the frequency standard,
Freguencies below this range may be brought up into the
range by harmonic multiplication {see preceding section).
Measuremenis:can be made witlran sroiriey

Any freguency in this range will lis between two
adjacent 10-ke harmonics of the frequency standard and
will net be over BO00 cyeles away from one of them. The
dgifference in freguency between the unknown and nearest
standard frequency is obinized by beating in the DETEC-
TOR of the Type 1108 Freqguency Transfer Units. This
difference in the frequency is then measured by matching
with the Type 1107 Interpolation Oscillator.

I the unknown {reguency lies very near the sian-
dard Irequency, either above or below i, special pro-
cedures simplify obiaining the frequency difference and
determining whether tie unknown is above or below the
standard frequency. These are given in Part VII, Pro-
cedure.

A photograph of the Type 1108 Coupling Panel
appears in Figure 3. A block diagram of the functions
performed by the coupling panel is given in Figure 4
and & wiring dlagram in Figure 5.

R The Type 1108-8B Coupling Panel contains two
n: harmonic-generating units, which are driven by the fre-
‘i) guency standard. Each harmonic generalor coniaing
2 blocking-oscillator trigger cirenit and an avalanche-
fransistor pulse generator. The negative-going input
trigrer pulses to the blocking-oscillator are fed through
anB-C differentiating network, which produces sharp
trigger pulses. These units are normally driven by the
sSyuare-wave cutput of the 10-ke and 100-ke stages of

~& Freguency Divider. Theymagalsohe

the Type 1114

Brator, bt withthis-equiprment-4t
:.e‘_;;t_._g*::ﬁﬁ-%hm;“ G=dbpadiinthe:10=ke

Eoyele.

: "ﬁﬁ'::fiﬁ@“%kcz::i outpulisighals i¥em the

IV TREQUENRCIES 1D MO M0 100 MO

¥or frsguencies above 10 Mo or s, 1L s more
ditficult to utilize 156-ke standard harmonic freguen-
cizg {or measurementy. Difficultes are ancounterad
mainly in ldentifying such high crder harmonics. An
alternative is, in eifect, o divide the frequency by a
Enown mamber o bring the resuitani back inio range
covered by the previous seciion.

One method of doing this is to ulilize 2 highly
stable, ascurately calibraied escillaior as z divider. A
barmonic of this oscillator (heterodyne frequency meter)
15 acvuraiely matchad to the frequency being measured.
The fundemental {requency {or, in some cases, apother
harmondc {requency) of the heterodyns freguency metsr
is then measured by bealing against the standard fre-
guency harmonic, The unknown freguency is then this
measured valus multiplied by the mumber of the har-
monic of the beterodyne frequency meter used {o mateh
the unknown.

As siated in this general way, the procedure ig
straight-forward enough, but is likely to be time con-
suming, particularly as to delermining which harmonic
of the heterodyne frequency meter is being used. Through
the use of calibrated harmonie scales for the heterodyne
fraquency meter, and through the use of coordinated
ranges for heterodyne freguency meters and heierodyne
detectors, harmonic division becomes almost automatic, .
Full details are given In Part VI, Procediuve. After
identification of the 10-ke harmonic in use,procesd as
in I above.

V FREQUENCISEZ ABOVE 100 MC

i sensitive receiving equipment is available for -
Iregquencies above 100 Mc, harmopics of 100-ko and 10~
ke may be used for direct messurement above 100 Mo
Use of 2 transfer oscillator will permit extention to
higher freguenciss.

PART ¥
TYPE 1108 COUPLING PANEL

input-civenli.and.2. 50 ~ohm;. 3-db pad dntbe 8 -kopie -
Sty

The harmonics generated by these units are strong
enpugh up to 100 Mc io permit direct measurement of
frequency against both 10-ke and 100-ke harmonic series.
I sensitive receiving equipment is used with the DETEC-
TOH switch at BXT, the harmonics are usable beyond
30 e, The rise time of the currvent pulise in the ava-
lanche pulse generator is about 2 nanoseconds. The
outputl impedance of these generators depends on the
setling of the output level {10-ke or 108-ke) control,
and is about 100 chms. The oulpst circult of the 100-ke
harmonic generator is arranged io reduce high-fre-
gquency output level {near 100 Mc). For-highérslevel. .
#8-kesharmonics aiove 30038y Bumaybe-desizedits-

short o BRnthe 00-hehatmoist-conerator...
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Higure 3.

FREQUENCY MEASUREMENTY

The operation of the assembly ig readily frpced
on the block diagram, Figure 4. The {requency io be
measurad, {x, is hdroduced 2! gither the {ront or rear
fx jack, through the fx switch {for removing the signal
withoul disconnpecting the external connectiong) and fx
volume conirel to the input side of the DETECTOR se-
lecinr swiich.

The appropriate detecior unil is selected by opera~
tvion of the DETECTOR selector switch, Telephones or
loudspeaker are connected to the selected detector by
operation of the TEL-SFEAKER switch. The frequency
to be measured is then picked up by tuning the selecied
detector unil.

Panel View of the Type 1108-8 Counling Panel Showing All Conirols.

in the direct method, if the beat difference be-~
tween fx and 2 standard harmonic is fo be obiained, the

SELECTOR switch for 100 ke, 10 ke, or both fogether,
{which is sometimes helpful at the high frequencies),
and yolume controls. The beat difference is automat-
ically paased to the Type 1107 Interpolation Oscillator.
In matching by use of the Type 1107 Interpolation Os-
cijlator alone, transfer the telephones or speaker io the
interpolation oscillator output, by throwing the TEL-
SPEAKER switch 1o the INTERPOLATOR side. Simul-
tanecus aural and visual indication of matching canthen
be had. The use of the Type 1100 Oscilloscope is given
in detail later,

In the transier -oscillator method, U ihe fondamen-
tal, or a harmonic, {reguency of a heterodyne frequency

re-—e 7
) TYPE {1086
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Figure 4. Block Diagram of the Type 1108-8 Coupling Panel and associated eguipment.
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RENSTORS

Ri01 1 /2w REC-20BF
Bi62 /2w REC-Z0BF
R1OG t/2w  REC
R10G4 L/vw  REC-20BF
R10D3 /2w  REC-IGBE
RI106 1 /2w POSC-12
R107 Vaw  REC-20BF
RI108 1/2w  REW-30C
R1u% 12w POSC-12
8110 /2w REC-I0BF
Rl1i1 /2w BEC-20BRF
Rii2 P/hw  REC-20BF
RS0L Gwr BEPD-45
R342 1/2w  REC-20BF
R303 Gw REPO-45
B304 Sw REPG-45
CAPACITORS
5] 0.015uf 210% SO0dewy  COM-30B
Loy (.04p€ +10% H00dcwy
23 0.04pf £ 10% S00dawy
o4 0.004pf E LA H00dcwy
<5 0.0470:f £ 20% SO0dowy
CIoL 000101 % S00dcwy
G102 0.0601uf 207 SO0devwey COO-60
Cl03  82pf 1209, 300cowy COC-60
Ci04  0.001uf 100, -3 S0dcwy COC-3
C185  {fox 10k
2300pf +20% S00dewy  COC-6
{for 100ko)
22008 209, S00dewy COC-60
106 0,001 +160, - 0% SO0fddcwy CO0-3
TLO7 0.1uf +80, ~20% S0dewy COU-63-3
CH01A 2508 200d cwry COR-51
CH01B 258 200dewy ;
CB024A 300pf Lodewy
C5028 300uf 13dewy
Ch05  2200pf S00dowy
C306  2200pf Shbdewry
MISUELLANEQUS
QR10T Crysial Diode 553550
CR501
thru  Crystal Disde 181693
CR504
F301 {for 115v):
Fuse, 0.1 amp FHE-1
{for 230v)
Fuse, 0.05 amp FUP -1
F302 {for 113vy:
Fuse, 8.1 amp FUE-1
{for 230v}:
Fuse, 0.0% amp P
L1 Inductor 379-R
Lz Choke, 80uh ZCHA-39
L3 Choke, 1.0uh 2 0% CHM-1
el Pilot Lamp 2LAP-6
PL30L Plug CIFP-10
GLOL Transisior 2711
Q102 Transistor 2MT08
8101 Switch SWERW-2720
8107 Switch SWRW-2730
3103 Swirch SWRW- 2840
5104 Switch SWRW-2850
5105 Bwitch SWRW-42
5106 Switch SWRW-39
5501 Switch SWT-333
T101 Transformer 1108-2000
T561 Transformer 0345 -4000% 3 2,

e




meter is to be matched to the unkaown Ix, the proper
heterodyne Irequency meter 18 selegted by operating the
FREQUENCY METER selector switch. Matching is then
obtained by adjusting the frequency meter. This can be
done by zero beat, defector not oscillating, or, more
precisely, by the “three~oscillator” method with the de-
tector oscillating. The {x is then removed by operating
the fx swiich.

The harmonic uzed above, or the fundamental, of
the heterodyne frequency meter is then measured against
the standard by injecting the slandard freguency through
operation of the STANDARD FREQUENCY selector swiich
and volume condrol. B the fundamental iz to be mensured,
the detector must then be tuned to the fundamental fre-

] In ma¥king frequency menssurements ceriain succes-
o-give steps are required. These are given below and are
Ugonsidered in detall in the section following. In many
pases this full procedure can be simplified. Certain
general statements have been made in Part ¥V bearing
of these steps.

STEP 11 Picking up and identifying the signal, the fre-
guency of which is to be measured, for transfer to and
comparison with the Irequency standard.

-, This step may be very simple in the case of a local
ostillator or transmitier; it may be rather complicated
d#ime consuming in the case of a remote high fre-
ey transmitter. In many cases, particularly in mea~
ing remote transmitters subject to noise, fading, or
keying, it is desirable to utilize a heterodyne frequency
eiei a5 & substitute source, which, once adjusted ip
ch the frequency fo be measured, permits the balance
measurement o be complieted {ree from disturb-

uiti’piication or divisicn by the hbarmonic num-~
duceﬁlts shifting the decimal point.

TYPE 1105-B FREQUENCY MEASURING EQUIPMENT

guency. In some cases this requires selecting the detee-
tor of next lower [reguency range.

MICRODIAL

To compare the syncronometer reading with time
gignals, of the iype {ransmitied by the 1.8, Nayal Ob-
servalory, the time sigral can be picked up through the fx
switch and volume conirol on the selecied detector unit,
The MICBODIAL switch is then operated, placing the
microdial contactor across the deteclor oulput. The
microdial is then adjusted toward sarlier time {Jower
nurmbers on the three-digh counter) until just the nose of
the time signals is audible in the telephones or speaker.
The time difference, as a positive fraction of 2 second, is
then indicated on the microdial counter.

PART VI
MAKING FREQUENCY MEASUREMENTS - STEPS REQUIRED

STEP & Determining the value of the beat~frequency
difference obiained in Step 3. I Siep 4 indieates that
the wnknown is above the standard harmonic frequency,
the DIRECT scale of the interpolation oscillator is
used and the value of the beat-frequency difference (0-
5600 cycles) is added to the value of the standard fre-
quency to obiain the fipal result. X Step 4 indicates that
the unknown frequency is below the standard harmonic
freguency, the REVERSE scale of the interpolation
oscillator is used and the “value” of the beat frequency
difference {3000 - 10,000 cveles) is pdded to the next
lower standard barmonic frequency.

STEP 6 Determination of the value of the standard bar-
monic frequency used in the measurement. This ig dons
either by use of the detector, or heterodyne freguency
meter scales.,

In cases where the frequency transferred to the
standard for measurement is NOT the original signal
frequency, slther of the two following steps may be
LeCcessary.

BETEP T Identification of the harmonic of the heterodyne
frequency meier which was used in the measurament.
Through the use of direct-reading frequency dials, coor-
dinated ranges and & geperal range chart, the harmaonic
used is generally chosen in advance. This step is, in
general, necessary only in the measurement of very
high freguencies.

STEP 8 Identification of the harmonic of the unknown
ireguency which was used in the measurement. If not
already known from other considerations it can generally
be determined directly from the scale of the heterodyne
detector. This step, is in general, necessary only in the
measurement of very low radio ffequencies,

In many cases some of thege steps may be elimi-
nated, or may be iaken simultaneously with other steps
thereby simplifying the procedure. This is particularly
irue in routine measurements of freguencies where the
measurement conditions are known in advance,
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PART VI

MAKING FREQUENCY MEASUREMENTS:

A brief summary of the operation iavolved in car-
rying out the successive steps of a frequency measure-
ment will be given, followed by some suggestions on
operation which may prove helpful.

To simplify the defalls of procedure, the Type 1109
Comyparison Oscilloscope is considered separately. {See
Part VID. In becoming {amiliar with the operatioes glven
here all that is necessary is to bear in mind that the com-~
parison oscilloscope will give better results in checking
calibrations, calibrating eguipment, or measuring fre-
guencies than can asuzlly be obtained by simple aural
or beat indicator comparisons. Afier becoming zc-
quzinted with the handling of the measuring equipment
one turns naturally {o the oscilloscope as the comparison
device in nearly 3ll measurements,

Refer to the schematic diagram, Figure 4.

STEP 1t Picking up the signal, the frequency of which
is 10 be measured,

Connect the source o the {x jack on the front,
or at the rear of the 1108 Coupling Panel. The concen~
tric line may be connecied i¢ a coupling point in a local
oscillator, to a pick-up coil coupled to the oscillaior or
may be coupled through a small capacitance o the os-
cillator to be measured, I the line is connected to an
antenna, 3 coupling transformer or network may or may
not be essential, depending on the {requency and the local
conditions. The cable impedance is approximately 30
ohms.

Throw the fx switch on the Type 1108 Coupling
Panel to fx~1 if the input is applied through the panel
{fx-1} jack, to fx~2 ¥ the rear (fx-2) connecior is used.
Advance the fx volume control. Throw the DETECTOR
selector swiich to the appropriate Frequency Transfer
Unit {L = low freguency, 100 ke - 2000 ke, M = med-
inm freguency, 1 Mc - 10 Mc. H = high {reguency, 10
Mc ~ 100 Mec. EXT = External Unit. Input and ocutput
connections must be made al jacks on rear of the Type
1108 Coupling Panel.) Throw TEL-SPEAKER swiich
io TEL or SPEAKER on the DETECTOR side.

Turn on the selected frequency transfer unit by
throwing the POWER switch on ifs panel to ON. Select
the freguency range to be used by turning the DETECTOR
RANGE switch. Adjust the fx volume conirol, the DE-
TECTOH tening and regeneration to obtain the required
signal at its fundamental frequency.

SUGGESTIONS:

1. Effective operalion of a regenerative detector
requires a certain amount of practice. The beginning
of oscillation usually occurs with the regeneration con-
trol advanced about one-quarter to one-half from the
minimum position. For any glven {requency setting, the

1o
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most sengitive condition for receiving coniinuous wave
signals is just affer oscliiations have started. The most
sensitive condition for modulated signals is just below
the point where oscillations start. Careful adiustment
of the regeneration conirol is therefore imporiant.

2. Do not gvericad the detecior with sirong signals.
The sensitivity is best at fairly low signal strength. In
geotting beals between two signals, adjust them individually
io about the same level,

3. I difficulty is experienced in picking up a signal,
whose frequency is only approximately known, introduce
a2 standard harmonic signal by throwing the STANDARD
FREQUENCY selectior switeh to 100 ke or 10 ke and
advancing the corresponding volume confrol. Adjustment
of the detector can then be made {0 oblzin a sensitive
oscillating eondition on any one of the standard frequency
signals., Throwing the STANDARD FREQUENCY selector
to OFF then permiis search for the desired signal, with
a “pre-adjusied” heterodyvne detector.

ETEP 2: Transferring the signal for comparison with
the standard.

If the frequency 1o be measured lies between 100 ko
and about 20 Mec, the operations above are all that are
necessary for transferring the freguency for comparison
with the siandard.

SUGGESTIONS:

1. If the freguency to be measured is below 100 ke,
introduce 3 harmonic of this frequency, at either fx jack
on the Type 1108 Coupling Panel, such thai the harmonic
measured will lie abhove 100 ko {the lower frequency
limit of the Type 1106-4 Freguency Transfer Unit).

The fundamental frequency can be measured using
the Type 1107 Interpolation Oscillator and the Type 1109
Comparison Oscllioscope as explained in Part VI

2. I the Irequency is higher than 10 1o 20 Mc, it iz
not easy {o obiain the beat-irequency difference directly
against the standard, because the harmonics of the 10-
kc standard are so close together {successive harmon~
ics being 0.1% apart at 10 Mc) that considerable care
is necessary in identifving the one used in the meas-
urement.

3. When a high freguency is 1o be measured, Ina
range where salisfaciory beals are difficult to obtain,
the frequency meters of the Type 1108 Transfer Units
can be used. Bince the approximate value of the fre~
guency being measured is known immediately from
the calibration of the detector unit, i i3 possible io et
the heterodyne freguency meter {either the one in the
Type 1106 Freguency Transfer Unit used for picking up
the signal, or in the Type 1108 Frequency Transfer Unit
of next lower frequency range) 1o a known fraction of the




freguency being measuwred. The fundamental frequency of
the heterodyne freguency meter is then mieasured against
the standard, the resulf heing multiplied by the number
gf the harmonie io oblain the value of the unknown fre-
guency. It is for operations such as this that the fre-
cuency~meter selector switch on the Type 1108 Coupling
Pznel has the positions L-M and M-H,

;:. STEP 3: Obtaining the audio beat difference between
the transferred Irequency and the standard.

: The signal frequency to be measured having been
Lpicked up and identified in the detector unit of the Type
1106 Freguency Transier Unit, usually with the detector
“:in the oscillating condition, the next step is to introduce
‘the standard frequency harmonics into the detector,

- Throw the standard-frequency harmondcs selector
witeh to the 10-ke position and advance the corres-
niding volume control. Next reduce the amount of re-
~gEneration in the detector, by retarding the regeneration
strol slightly, until oscillation just stops. A single
ar tone should then be heard in the telephones or
aker. The adjustmenis of the {x and 10-k¢ volume
nirois may be varied and the standard selector swifch
vibe tried on the 100/10-kc position {if 2 high fre-
ency is being measured) with adjustment of both the
sand 10-ke volume controls, to obizin the best beat-
voncy signal.

iS“{JGG.ESTIONS:

‘hen the detector is being operated in the non-
izting condition, and signal levels are large encugh,
cal regeneration is not needed. The radio-frequency
gvels can be adjusted fo higher values, ziving
T beat-frequency outpat. However, do not adjust
€'than a comiortable telephone signal, as high
i;mt ig not peeded.

ren weak signals are obtained, regeneration
@ afivanced to the point where oseillation almost
7 this case careful adjustment of detector tuning
eration is necessary to obtain the best beai~

‘Determining the sign of the beat-frequency

iany-cases the sign of the beat-freguency dif-
knawxz in advance; ‘i:hat is, it is known whether

.'_m}‘s- knﬁwn, then in cases where the beat—
feérence is not too small, the location of
eq&eney relative io the standard harmonic
L be. determined from the hetemdyne {ieiem

' vance the detector-funing. s;onﬁml

TYPE 1105-B FREQUENCY MEASURING EQUIPMENT

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, If the beal tone rises,
the nnkmwa fmqu@my is ugher than the standard {re-
guency, and the sign of the beat frequency difference is
taken as plus. H the beat tone {alls, the unknown fre-
quency is i(}wer than the standayd ireqmemﬁy, and the

sign of the beat frequency difference is taken as minus.

It will be observed that this determination can
easiy be handled as part of Step 3 when one is famil-
iar with the handiing of the equipment.

SUGGEST HiM:

1. It is possible to determine the sign of the beat~
freguency difference when the difference is very small
by use of the heterodyne {requency meier. In this case
the unknown and standard freguencies are very nearly
egual. Throw the heterodyne {reguency meter plate
swiich to ON. Set the heterodyne freguency meiar
t0 nearly the same Ireqguency as the detector, and adjust
output control to obtain a good beal. Bel the [requency
meter to a lower frequency than the other two, by an
amount giving 2 {ew hundred ¢ycles beat ione. Then
measure the beat {reguencies {see later steps) of {1}
the unknown and hetercdyne freguency meter {fx-fh),
and then (3} the standard and hetemdyﬁe freguency meter
{fs ~Thy. I the first beat frequency exceeds
the unknown is above the stan{iard freguency; if it 15
less than the second, the unknown is below the standard
frefzguenry The difference of the {wo beat frequencies is
the amount by which the unknown differs {rom the stan-
dard frequency.

STEFP 5 Determining value of beat-ireguency difference
obtained in Step 3.

The beat-{reguency differsnce is agtomatically
applied io the input terminals of the interpolation os-
cillaior. For listening to the match between the inter-
polation oscillator and the beat {requency, throw the
TEL-SPEAXER swiich £o the INTERPCGLATOR side.
Adiust the INPUT {(best-freguency) and OUTPUT {oa-
ciilator) volume conirols of the interpolation oscillator
to obtain about equal deflections of the OUTPUT meter
at about one~half scale.

H the sign of the beat-frequency differeace is plus,
throw the scale selector switch to DIRECT. Adjust the
freqguency of the interpolation oscillator to match {he beat
frequency. As the match is approached, the outpnt meter
needlie will swing from nearly zero 1o nearly full scale.
Admst the fregquency of the interpolation oscillator until
the meter needle stands still, or moves only very slowly.
Blow pscillation of the meter needle is accompanied by
a slow waxing and waning of the intensity of the fone
heard in the telephones connected fo the output of the
interpolation oscillator. The DIRECT scale reading of
ihe interpolation cscillator then gives the value of the
beat frequency in cycles per second. {This reading is
subject o a small correction which can be made zero
by checking the interpolation osclilator against the fre-
quency standard. This checking is described in detail .
in Part VIL} This value of beat-frequency difference’ . -
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is added fo the value of the siandard frequency to obiain
the final value of the frequency being measured. H the
sign of the beat-frequency difference iz minus, throw the
scale selector swiich {o REVERSE. Proceed as in
the preceding paragraph to match the beat frequency,
The REVERSE scale reading of the interpolation os-
cillator then gives the value of frequency difference to
be added o the next lower standard-frequency harmonic
io obtain the final value of the freguency being measured.
The same remarks apply here to checking the interpola-
tion oscillator callbration.

When the sign of the beat-frequency difference is
plus, it simply means that the unknown freguency is
higher than the standard freguency. When the beat fre-
quency is matched with the interpolation oseillator, we
stari, in effect, at zero frequency gifference at the
standard {requency and progress to higher frequencies
on the BIRECT scale until a frequency equal o the beat
irequency is reached. The sum of the beat frequency
and standard frequency then gives the unknown frequency.

When the sign of the beat freguency is negativs,
the unknown frequency is below the standard frequency.
Again starting with zero freguency differsnce at the
standard frequency, we progress io high interpolation
oscillator frequencies on the DIRECT scale, applying
a negative sign, until a frequency equal to the bent fre-
guency and the besat Irequency then gives the unknown
frequency.

I, now, we provide 3 means of switching the fixed
frequency oscillator 1o a value just 5000 cveles different,
the sense of frequency change with dial reading of the
interpolation oscillator is reversed. {That is, in terms
of the original 0 - 000 division secale, the frequenny is
5000 cycles when the dial is ai zero and is 0 cycles
when dial is at 5000.) K will then be seen that a dial
reading 5000 to 10,000 divisions can be used, with the
next lower 10~k standard freguency barmonic as z refer-
ence, {o give the final result by addition (imstead of sub-
iraction, as described in the last paragraphl.

For lusiration, assume a {requency of 1398.125 ke
is belng measured., X the DIRECT scale is used, a beat
freguency of 1875 cycles is matched and a negative sign
is employed. The unknown frequency is then

1406.006 - 1.875 = 1388.125 k.

When the REVERSE scale is used, a frequency of 1875
cycles is obiained, and is matched to the beat freguency,
a1 a scale reading of 8,125 divisions., If this is added io
the frequency of the nexi lower standard harmonic fre-
guency, 1380.000 ko, the resull is 1388.125 ke, the value
of the unknown freguency.

In operation, the matehing is carried out without
kaowing the achual value of the beat freguency or of the
oscillator frequency, as given in the exaraple above.

Provision is made for carrying out both the
matching operation and checking of the interpolation
oscillator by use of the comparison oscilloscope, Details

of operation are given in Part VIIL

The Type L107-4 Interpolation Oscillator can be
used independenily as a linearly calibrated audio-fre~
fquency oacillator covering 0 to 5000 cycles per second.
The calibration can be checked by plugging in any suitshble
standard-{reguency voltage {such as are available from
tuning~fork, or other, audio-irequency siandards) at
the INPUT terminals. The INPUT control permits set-
ting the level of this voltage at the mixer stage. The
QUTPLY comirol controls the audio-frequency output
of the instrument and, in effect, controls the oscillator
output ai the mixer. In this way the two voliages at the
mizer can be brought o about the same level to obtain
the most proncunced beats as indicated by the swing of
the output meter, or by the waxing and waning of inten-
sity of the tone heard in telephones connected fo the cut-
put. If the Irequency of an audio-frequency voltage is
io be determined, 4 is vonnecied to the INPUT terminals
in the same manner as the standard-frequency voltage
mentioned above.

STEP 6 Determimation of the value of the standard fre-
guency used in the measurement,

Ower a large part of the frequency range this opera-
tion may be combined with STEPS 2 and 4.

Proceeding as iz STEP 4, after determining the
sign of the beat frequency, bring the detector 1o zero
beat with the slandard harmonic. In maay cases i is
then possible to determine the value of the standard
frequency harmonie from the receiver calibration. H
the recelver calibration is not sufficiently accurate,
or is not calibrated at sufficiently close intervals, use
can be made of the helerodyne frequency meter. Throw
the freguency meter plaie swilch to ON. Turn to the
same range a8 the one in use on the detecior, and set
for zero beat. The siandard frequency harmonic can
then be determined from the frequency meter calibration.

SUGGESTION:

1. At very high frequencies, where the change in
frequency in going from one siandard freguency lar-
monic to the next 18 very small, a counting method may
have 10 be employed. Note the detector reading for
the standard frequency used in the measurement, as
described in the preceding parsgraph. Throw the stan-
dard barmonic selecior switch on the coupling panel fo
190 ke, Change the detecior tuning to obtain zero
beat with the nearest multiple of 150 ke, Then throw
ihe standard fraguency selector switch to 10 k. Rern
the detector slowly from this point to the original set-
ting, counting the mumber of 10-ke harmonics passed
over. The value of the standard frequency is then known
at once as the vajue of the 100-ke harmonic freguency
{which can be determined without ambigaity from the
detector calibration) plus or minus the number of 10~k
intervals passed over.

STEP 7. Kentification of the harmonic of the heterodyne
frequency meter used in a measurement of a high radio
frequency,

iz




When 2 heterodyne freguency meter is nsed ag 2
meang of reducisg 2 high Irequency o 2 valus more
adaplable to measurement against the standard, it is
se adiusted as to bring one of its harmonics ints zero
beat with the freguency being measured. Afier measure-
ment of the fundamental frequency of the heterodyne
frequency meter, the value obiained must be multiplied
by the number of the frequency meter harmonic io obain
the value of the unknowsn frequency,

Since the detecior is tuned io the unknown fre-
quency (STEP 1) iz approximate value is evident at
onee {rom the detector calibration. By seiting the fre-
guency meter to the gsame {reguency range a3 the detec-
tor, and to the same ireguency, 2 seciected harmonic
hag been brought iato zero beai with the unknown fre-
guency. The number of this harmonic can always be
determined at once {rom the Range Chart, Figure 8§,
since one, and only one, calibrated harmonic range will
agree with the range in use of the detecior. This opera-
ton will result in harmonic aumbers which will be 1,

© 3, 4, or 5.

: quemy meter, there will be seﬁiﬁgs at vther frequencies
~which will produce beais in the detector which is tuned
“iothe woknown frequency. These are o be disregarded.
~ithe same range and the same freguency indication on
the dial of the freguency meter as those used on the de-
‘téctor are employed, as described in the last paragraph,
no ambiguity will result.

SUGGESTHONS:

i A moultiplier of 10 can be used, if desired, in mea-
=smmg freguencies from 10 1o 100 Me. Referring to
-i‘gm‘ﬁ 6, and using the Type 1106-C Frequency Transfer
nit, 2 harmonic of the frequency meter is set io zerc
:'t- with the frequency being measured, as described
above: Inspection of Figure 6 shows not only which har-
nic i3 used, but which of the first three (hmdamental)
res of the frequency meter is the one producing the
armionic. Turn the freguency meter range switch io
indomental range. Becanse of swilching error, the
CIe may not be o zero beat with the wnlmown fre-
oy, Heset to zero beat if necessary. Then do not
ouchithe heterodvne freguency meter conirols. Bring
e dolsetor {o the mame range as the fandamental hetero-
ne 1 "qz_s,ezacy meler range; set approximate zero beat.

Turn on the frequency meter of the next lower
requency iransfer unit; turn the FREQUENCY
' R seldctor switch to M~H. Set this frequency
mete t6.1/10th the froquency indicated on the high fra-
: t, which will sccur on the correspending ons
5t three ranges. A beat will then be heard in
tm'-af ihe Type 1306-C Fregquency Transfer Unit,
el the DE‘E‘ECT@R iuning to obizain g beat of 2 few
o e5; cdrefully et the Type 1186-B Freguency

ia btain a very slow waxing and waning {af the

TYPE 1105-B FREQUENCY MEASURDIG EQUIDMENT

beal ione, Mexi measure the frequency of the Type 1106-8
Heterodyne Frequency Meter against the standard, using
the same barmonic pumber as was used originally in
setting 10 zere beal against the unknows frequency. In-
spertion of Figure § shows thal this barmonic frequency
is always the unknown frequency divided by 10, In ob-
taining the final resull, therefore, multipiving by fhe
samber of the harmonic is done simply by moving the
decimal point one place.

Z. When using an external transfer pseillator {such
ag 2 Type 1211-~B Unit Oscillator) to make measure -
menis of frequencies above 100 Mc and up to 2 few hun-
dred Mce, first sef the Type 1211-B to zero beat with
the frequency Lo be measured. Deiermine the number
of the barmonic, n, used in this zero beat adjustment,
MNext couple the output of the Type 1108-8 heterodyne
frequency meter to the Type 1211-B; set the 1106-B io
1/10th the dial reading of the Type 1211-B. Listening for
the beat note in the sxternal receiver {or detector), set
the 1106-B for gero beat. Measure the 1108-R fundamen-
tal frequency against the standard, The measured fre-
guency ig then 1/10n times the unknown frequency.

STEP 8 Identification of the harmonic of the unknowy
frequency used in the measurement of a low radio fra-
GUency.

When a harmonic of the unknown frequency is mes-
sured, 85 in measuring 2 freguency below 100 ke, 1t ia
necessary to know which harmonie is used.

I the approximate value of the freguency being
mensured 1s known, then the harmonic maumber is given
by the indicated detector freguency divided by the ap-
proximate value of the freguency being measured. The
reguil must of emurse be a whole mumber, The result will
lie riose to 2 whole number indicating the whole mumber
whichk is {o be isken.

i the approximate value of the frequency being
measured is not known, then tune the detecior o fwo
successive harmonics noling the defecior fregueney
reading for each. The difference of these fwo freguen-
cies gives an approximale value for the freguency being
measured, which can then be used as in the preceding
paragraph.

BUGGESTION:

i. Except wherse the highest possible @rems}.an is
required, i iz generally much quicker and move satis~
factory to measure Irequencies below 100 ko thmugiz ihe o
use of the 1108 Comparison Oscilloscope with & viriable.
irequency circular sweep obtained from the 11{}’? Iz:ﬁ:ermf--._';.'_
lation Oselilator. This procedure is de?;aﬁed m Part Vﬁi SUIE

Although they are not presemed o i‘.he dmls, ;
10th hbarmonic ranges of the 1106B and 1108~ g
are perisctiy usable with heﬁeméyne frequency mete
or other instruments havmg {L&Es raadmg direct:
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fundamental frequency. By setting the 1106-8 or 1108-C
heterodyne frequency meters to 1/10th the frequency

shown on the external heterodyne frequency meter dials,

the 10th harmonic of the 1106-8B or 1108~C {reguency

meters can be broughi 1o zero beat with the fundamen-
tal frequency of the exiernal heterodyne freguency meter
without ambiguity.

PART Vil

TYPE 1109 COMPARISON OSCILLOSCGPE

This cathode ray oscilioscope unii is designed
particularly for use as a ireguency comparison device.
The three-inch cathode-ray tube includes horizonial and
vertical deflection plates, by means of which a circular
sweepn can be produced, and a radial deflection elecirode,
by means of which the voliage to be studied produces
deflections radially inward and outward from the circu-
lar~sweep base, This type of display is particulariy
useful for frequency comparisons since the paiterns are
not distorted at the sides as in older systems.

The panel of the Type 1108 Comparisen Oscillo-
scope is shown in the photograph of Figure 7. A sche-
matic diagram is given in Figure 8 and 2 wiring diagram
in Figure 8. At the left side is the x jack for introducing
a freguency from an external source. Adjacent is the
switch for selecting the frequency of the circular sweep;
the five positions give LINE, 100 cycles, 1 ke, 10 ke
und INTER Polation O3Cillator. The LINE position gives
the frequency of the power line supplying the unit; the
- INTERPolation O3Cillator position gives a variable fre-
<. quency circular sweep, the frequency being adjustable
- at the interpolation osciliator. The CRO tube face is in
" “the center, withthe SELECTOR switch to the right. The
- SELECTOR switch permits selection of the pairs of
< sources which are to be ctompared. These are x vs IN-
©TERPolator CIRCular SWeep; x vs STANdard CIRCular
:'SWeep; DETector ouiput vs STANdard CIRCular SWeep:

INTERPolator vs STANdard CIRCular SWeep; and DET-
sctor oulput vs INTERPolator {Lissajous pattern). At
the right is the power supply switch. Along the lower
edge of the panel are the following controls: DIAMETER
and SHAPING controls for circular sweep; HORizontal
and VERTical CENTERING controls and FOCQUS and
BRILLIANCE controls for cathode ray tube.

Concentric jacks at the rear provide for connecting
the unit to the 100-cycle, 1-ke, and 10-ke outputs of the
frequency standard and to the ouiputs of the three 1106
Freqguency Transfer Units and the 1107 Interpolation
Oscillator. {These last are obtained at the rear of the
1108 Coupling Unit.)

Following is a brief description of the types of
patiern obiained in the various cases:

With the SELECTOR on the DETector vs INTERPo-
lation OSCillator position, a 1:1 Lissajous pattern is ob-
tained when the interpolation oscillator is adjusted to
maich the beat-frequency output of the Type 1106 Fre-
guency Transfer Units. The patfern appears as a circle
or ellipse gradually closing to a straight line and then
opening up again at a rate which is equal to the difference
in frequency of the two frequencies being matched. (See
Figure 10.) H a perfect match is obtained, the pattern
does not change with time,.

15
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Figure 7. Panel View of the Type 110%-8B Comparison Oscilloscope Showing All Conirols.

YERTICAL

INTERR 0SG. ( o e :
% !
7 o 0KG ° . _S—S$S_O—GDS o . ] ‘3’; I
Q-0 ISELECTVE awP| [0 , o o,

g .
1O 2 ke ‘ ° | PHASE 1+45
sTD. 4 %—o ) /\/O—-ﬁsmw OONTROL =4 AME LO“"‘S?—HFTER <0 I E
o - o DAMETER % o o i S
S LINE L e i I R
7N . 4 HORIZONTAL
"CIRCULAR SWEEP FREQUEINGY" SWITGH il
L TO FIL. = 4
. WINDING - 3
HOT
NTERE  © GRO TuSE
OSG. OUT ]
e RADIAL
pET.out @ ; Ame ~
N PANEL) e

SELEGTOR SWITCH ’

Figure 8. Funciional Block Disgram of the Type 1108-B Comparison Oscilloscope,

I8 QUADRATURE BLIGHTLY % PHASE
GUT OF PHASE

Figure 0. Lissajous Figures for a 111 Freguency Ratio.

ig




bl
=
3| 2 0 3
N FEH B onmBINGD HOH 3
- KA ; A &
® ; L2 S V] oniwzing Luan [ W ©
N Bl N i A m o
& e T o X !
Wt Oty t? hiad Vi o
= TS R o & e y
™y oy P
g $5 G H
| 5
m :
, o
RS
S
I

FOR £30 VOLT OPERATION CONRECT E~3F

FOR 118 VOLT OPERATION

A ié‘w

CoE

I

R S

!

Figure 9. Schematic Diagram for Type 1109-B Compariscon Oscilloscope

| Iy M,M

e e e P s
s e e e e e e e ©
e e e e e by
818

N

& %T &

[P

b Gy

SZ o

.h..w (s}

9 W 7 08

P e e e

T ey

w o o G R
mﬁ\ﬁ o, 000060
H ~)

WIRING DIAGRAM

!
|
|
|
!
{
|
|
|
!
_
|
!
|
|
_
_
,
|
_
!
e

FOR

/1098 COMPARISON OSCILLOSCOPE

i x?,_

BR-OF

17

|
i
|
|
|
i
|
|
!
I
|
|
|
|
|
|
i
|
i
|
|
|
|
|
|
!
!
!
|
|
!
|
i
!
!
|
!
!
|
!
I
I
!
!
|
|
!
|
I
|
!
|
!
!
!
!
I
!
!
!

Py,
[N
i
=
=
INTERP, YO
SELECTOR
A
H

sz
JE.8L

67

i =
LINE
DN
E5/7
EJ5-GT
BENT-GT
E5N7-6T
30PI-4
2X24
X5

e RS

Ut

\\———- INTERP 0SC.
TUBES
O

¥z

FREQUENCY
i
3

7

DET. INTERR
CIRGULAR SWEEP

ve
v-4
y-5
-6
v-7
el

PANEL.

TOP VIEW OF [NSTRUMENT
TUBE LAYOUT

X~ BTD CIRG. SW,'-\

A-VMTERP. GIRC. 8%,
DET-STD. CIRL. 8%,

INTERP-STD. CIRG. SW, —

PANEL
ENGRAVING
\

\\
v
v
y

CRO TUBE

i
i
ol




GENERAL RADIO COMPANY

If a low beat freguency is to be maiched, ii is
sometimes helpful to use the deiector in an oscillatiog
condition. The cutput of the Type 1106 Frequency Trans-
fer Unit then consists of an audio-frequency tone, waxing
and waning at 2 rate equal to the low beat freguency.
1f the beat frequency is several cycles per second, or
more, the waxing and waning is rapid and is better des~
cribed as a flutter. This {flutier can be matched with
the interpolation oscillator set at the f{lutter frequency
or at a multiple thereof. The pattern for a 1:1 mateh
is indicated in Figure 1la, in various phases of rotation.
If the matching frequency is 2 multiple of the {lutter,

;Iliiikilm
-1s|1

CARRIER FREQUENGY
~ TRACE

‘@'

'%

Figure 11. Modulated, or flutter, wave patierns.

the pattern ai the ends of the figure is the Lisssjous pat-
tern for the multiple used. Figure 11b shows the patiern,
when the interpolation oscillator is set al twice the flulter
frequency, in various ghases of rotation.

With the SELECTOR switch set on the other posi-
ticns, circular sweep patierns are oblained. With the
radial deflsction voltage reduced to zero, a ¢ircle should
be obtained. This can he changed in size by the DIA-
METER conirol and in shape by the SHAPING conirol.
The circle can be centersed by the use of the HORizonta)
and VERTical CENTERING controls.

{a} The three patterns at the left show,

for different phases of rotation, a 1:1 maich where the interpolation oscillater frequency
is the same as the flutter frequency. (b} The three patierns at the right show, for differ-
ent phases, a2 match where the oscillator frequency is twice the flutter frequency.

OO

GIRGULAR SWEEP SIME-WAVE

&/1
B POINTS~{ LINE

OVERLOADED

SIME-WAVE SINE-WAYVE

5/2

2/3
5 POINTS-Z LINES 2 POINTS -3 LINES

OVERLOADED

OYERLOADED

Figure 12.

Circular sweep pattern with
radial deflection frequency equalto
sixtimes circular sweep freguency.
SINGLE-LINE pattern. Note that
with sipgle-~line patteras the inner
and outer circles are not complete
when the radial amghfier is over-
loaded.

Circular sweep patlern with
radial deflection frequency equalto

5/% times circular sweep frequency.

TWO-LINE pattern. MNote that with
multiple-line patterns either the
inner, or both inner and outer cir-
cles are complete, over-lapping
the teeth of the wheel, when the
radial amplifier is overloaded.

18

Circular sweep patiern with
radial deflection frequency equalte
2/ 3 times circular sweep frequency.
THEREE-LINE pattern. The effect
of nearly conceniric circles is
characieristic when the radisl de-
flection frequency is belowthe cir-
cular sweep frequency.




When the radial deflection voliage is applied and
is not large enough {o overload the amplifier and when
the {requency of the applied vollage is an exact mulfipgle
of the sweep frequency, the patiern appesrs as in Figure
12 for a ratio of 6:1. H the patiern rotates slowly clock-
wise, the radial deflection frequency is slightly higher
than the cireular sweep {requency; if counter clockwise,
the radial deflection frequency is slightly lower than the
circalar sweep frequency.

This is a “single line” mattern. Similar patterns
are obtained for every multiple of the eircular swWeap
ireguency, one more scallop appearing each time the
ratio is increased by one. That is, a ratio of 10:1 gives
10 scallops; 1131, eleven scallops, etc.

The circular sweep voliage available from the stan-
dard freguencies is much more than is reguired to pro-
duce a circle of the diameter of the sereen. It is very
convenient {o make use of this feature in cases where
very high multiples of the standard frequency are to be
used. Using 2 cireular sweep of about cne-half the screen
diameter, the pattern shows the scallops crowded very
close together. By increasing the cireular sweep vollage
to obtain a circle of several screen diameters and then
using the VERTical CENTERING control to bring the
top or bottom portion of the large circle onto the sereen,
the pattern will be opened vut so that the scallops are
easily distinguished. In this manner, multiples of the
standard frequency to a hundred or more are easily used,
This method of operation is particularly useful in “filling
in” a series of ciosely spaced calibration points, where
widely separated key points have already been spotted
by the use of the regular patterns,

I the radial deflection amylifier is overloaded,
the scallops become sharp-sided and flat-topped, ap-
pearing somewhal as gear testh. M is much easier io
count the munber of teeth than the number of scallops,
partienlarily on maliiple patierns. The advantages of
overicading are considered further below.

If the radial deflection freguency is an odd mul-
tiple of one-haif the circular sweep frequency, a “two-
line” pattern is obtainsd as illustrated in Figure 12,
for a ratio of 5:2. A similar mftern with two more loops
in the chain is obtained for a ratio of T:2, etc.

This leads to interpreting the patterns on the basis
of the “number of lines” {not overloaded) and the “number
of points”, or tecth {overlcaded), The number of lines is
obiaimable by not overloading the amplifier; count outward,
radially, the number of lines composing the mitlern. The
. number of lines indicates at onee the namber of intervals

. into which the interval between one multiple of the stan-
‘dard frequency and the next has been divided. This is
> Suamarized in Figure 13 for patterns up to “five-line”.
. The use of five-line patterns, for example, is equivalent

to having a standard frequency at one-fifth the value of
‘the actual circular sweep freguency. In other words,
five-line patterns provide a standard frequency within
10 cycles of any audio frequency when using a 100-cycle
ireular sweep frequency. Another way of stating this

TYPE 1105-8 FREQUENCY MFEASURING EQUIPMENT

i5 1o say that the system shown in Figure 13 indicates
known frequencies which can be inserted in sach stan-
dard frequency imerval between cne muliiple of the stan-
dard circular sweep frequency and the next. For 2 100-
cycle circular sweep this means that in each 100-ovele
interval between two successive multiples, points at
20, 25, 33.3, 40, 50, 80, 66.7, 75, and 80 cycles can be
readily filled in, using not more than “five-line” paiterns.
For a 1~ke circular sweep, multiply all these points by
10; for a 10-ke vircular sweep, multiply all these points
by 100,

In many applications, as in measuring frequenciss,
the oscillator calibration is fairly well known and it is
desired simply to correct small errors. The advaniage of
the circular sweep method in such cases is that the fre-
quency ratio dees not have 1o be obizined by counting, (it
is given at once by the oscillator calibration) and the
multipie-line patterns provide a very large number of
kErown calibrating freguencies at closely syaced intervals
throughout the range of the nscillator. The oscillator
seale can therefore be made to read correctly at any
one of these points and the interpolation error for small
ranges about these points is negligibie.

An imporiant feature of these multipie-line matterns
1s ‘hat the sequence represented in Figure 12 repeats in
every interval between one multiple of the standard circu-
lar sweep {requency and the next. That 1s, exactly the
same sequence is obtained in going from 500 to 600
cytles, and from o00 to 790 cycles, ete., when using a
0 -cycle circular sweep frequency. ¥ the standard fre-
quency is multipiied by 10, the same patierns are again
obtained at intervals 10 times as large, and so on.

On an undistorted multiple-line pattern, consider-
able difficulty is encountered in counting the mumber of
scallops. If the radial deflection voliage is increased
until the ampiifier is svericaded, the pattern will have.
radial, or nearly radial lines, whick divide the figure
into the same mumber of parts as the number of scallops,
The difference is made evident in Figure 12,

ot fingle Lins

Figure 13. Division of 2 Standard-Frequency Interval
by Multiple~Line Gscilloscope Patterns.
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The following simple rule then emerges for deter-
mining ihe {requency ratios. The number of poinis di-
vided by the number of lines is the freguency ratis.
This rule holds no matter whether the radial defiection
frequency is above or below the circular swesp frequency.

When the radial deflection freguency is below the
standard circular sweep freguency, the pattern consisis
of nearly concentric circles when no overloading occurs
and the frequency ratio is the ratio of small whole num-
bers. When overlpading occurs, poinis similar o those
previcusly described are obtained. This type of patiern
is shown in Figure 12,

APPLICATIONS

In making frequency measurements, the various
SELECTOR swiich positiong are uged as fellows:

1. DET. vs INTERP. For maiching the beat-freguency
ouiput of the Type 1106 Frequency Transfer Units. Set
the interpolation pscillator s that the 1:1 Lissajous
figure stands still. Read the value of the beat irequency
from the interpolation oscillator scales.

Suggestion: I the beat-Irequency voliage is not
great enough to produce a large pattern on the cathode
ray tube, swing the pettiern to one side of center by use
of the centering control.

Suggestion: For the measurement of very low
beat frequencies, the detecior of the Type 1106 Fre-
guency Transier Units may be used in the oscillating
condition. Adjust the levels of the standard and unknown
frequencies to about the same value. The output of the
detector then consists of an audio-frequency tone, waxing
and waning in intensity at a rate equal to the difference
of the standard and unknown frequencies. I this differ-
ence is several cycles per second, or more, the waxing
angd waning is better described as a flutter. This fluiter
can be maiched with the interpolation oscillator set at
the flutter frequency or a multiple thereof.

Suggestion: Keep INPUT control of the Type 1107
Inferpolation Oscillator at zero, when matching frequency
from the output of one of the Type 1108 Frequency Trans-
fer Units, This is because the oulput of the Type 1108
Frequency Transfer Unil is connecied to the INPUT of
the Type 1167 Interpolation Oscillater at gll times, for

maiching by using fhe output meter as a beat indicator,

2. INTERP., vs 8TD. CIBC., 5W. This position permits
rapid checking of the calibration of the Type 1107 Interpo-
lation Oscillator.

Suggestion: Keep INPUT control of the Type 1107
Interpolation Oscillator at zero, to prevent any output
signal from the Type 1108 Fregquency Transfer Unit from
appearing on the pattern.

Suggestion: In making irequency measurements,
make the approximate match in {1) above, then check the
oscillator calibration and set {or zero error at the check
point nearest the approximate setting. Return to {1) and
take the final reading. This operation can be done so
guickly that it is well worthwhile in obtaining the most
precise resulis.

3. DET. vs STL. CIBC. SW. This position is for the
purpose of accurately selting the frequency of a radio-
frequency source to values which are not multiples of
the standard harmonic frequency.
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Suggestion: A perticular applicastion of this posi-
tion iz in producing erysials for freguency monitors,
where the crystal Ireguency musi be off-sei {rom the
channel frequency by a specified amount such as 8.5
or 1.0 ke, Using a 1-k¢ standard circular sweep ire-
guancy, the above differences give simple mtterns.

4. X v STD, CIRT, BW, This position is for cali-
brating an extersal audio- or low-radio-frequency os-
cillator, or {or standardizing such an oscillator atf any
one of the many Enown freguencies obiainsble by the ¢ir-
eular sweep matierns.

Suggestion' In calibrating an oscillator, which has
no calibration at all; start with the highest circular swesp
frequency appropriale to the oscilialor range and iden~
tify principal points on the osciliator scale. Having es-
tablished such known key polnts, the calibration can be
contisned using the same or 3 lower circular sweep fre-
guancy. For example, an oscillator covering a2 range of
48 to 68ke wonld give simple key miterns against a 10-ke
circular sweep at 50, 55, 80, and 85 ke {one- and two-
line patterns). Using a 1-kc sweep, poinis can be filled
in at every 0.5 and 1.0 ke using only one- or two-line
patierns.

Suggestion: Where 2 complete Type 1105 Freguency
Measuring Eguipment is being used, the oscillator o be
calibrated can be connecied {o the INPUTY terminals of
the Type 1107 Interpoiation Oscillator. Turn the imter-
polation OUTFUT control {0 seroe. Throw the SELECTOR
switch on the Type 1108 Comparison Oscilloscope fo
INTERP. ve 3TD. CIRC. 8W. The INPUT conirol of
the interpolaticn osciliaior then serves as a volume
control for the oscillator being calibrated. This method
of operation does not permit as high a freguency rangs
to be covered as that oblained by dirert connectionat
the % jack obn ibe Type 1102 Comparison Oscillostope
{sze B, below).

5. X vs INTERP, CIRC. B¥W. This position is pri-
marily for measuring a freguency, iniroduced at the
% jack, by means of the interpolation oscillator using
the comparison oscilloscope as the comparison device.
It is efective over the range from 5 ko to 100 ko or more.

the DIRECT scale and set {or 5000 cycles. Introduce
the freqguency to be measured. Gradually reduce the
frequency of the interpolation oscillator until a one-line
paitern is obtained. The number of polnis on this pat~
tern gives the ratio of the unknown to the interpolation
osciliator freguency. Multiply the oscillator freguency
by the number of points to get the value of the upknown
freguency.

In the measurement of fairly high frequencies the
number of points becomes very large, for examply, mea-
suring 100 ke gives a pattern with 20 points. H it is
desired to avoid counting the number of poinis, proceed
a5 directed above and obtain the {irst one-line pattern.
Mote the oscillator frequency reading, calling it f;. Then

contimue o reduce the oscillator Irequency until the next
one-line pattern is obiained. Note the oscillatior fre-
guency reading, calling # {5, Thennyfy = ngfs = . But
as = {nq + 1), so {ng + 1J/ng = §;/15 and ny is easily




determined. Alsony = {ny - 1), 50 ny/{ng - 1} = {4/fy,
giving ng and making it unnecessary to return to {y io
compliete the measurement.

Having found ng, oblain the {inal value of {5 by

PURPOSE

The Type 1106 Frequency Transier Unils are
designed for use in freqguency measurements, either
as calibrated instruments or in conjunction with har-
monic fregquency standards.

The units are used to pick-up and identily the
freguency to be measured; to obiain the beat-frequency
difference between a harmonic of a freguency standard
and the frequency under measurement; to supply a sub-
stitute signal for measurement where the original sig-
nal is subject to fading, interference, or keying; to serve
as a source of frequency of a desired value; to provide
means for avoiding measurements involving very small
beat-irequency differences between standard and unknown
frequencies; andto provide means for accuraiely matching
two radio frequencies.

PRINCIPLES OF OPERATION

There are three frequency transier units, differing
principaily in the frequency ranges covered. These are

TYPE BANGE

1106-A 100 -~ 2000 Ko
1106-8 1~10 Me
1106-C 16 - 100 Mc

Each Type 1108 Freguency Transfer Unit consists
of a heterodyne frequency meter and a regenerative
- detector with a two-stage audio-Irequency amplifier.
:. Both the frequency meter and the detector are provided

- with range switching and direct-reading frequency cali-
‘“brated dials. The rapges of the frequency meter and
~ detector are the same, al corresponding positions of
'the range switch. This feature is of considerable im-
““portance for easy operation. The frequency controls of
both instruments give increasing {requency with right-
handed rotation of the control knob.

{1 ..-'i'.}l'stall vacuum tubes, if not shipped in place, in
dance with the tube iags.

-Oi}.ﬁeci power supply by means of cord and plug

TYPE 1105-B FREQUENCY MEASURING EQUIFMENT

checking the interpolation oscillaior against the stan-
dard ai the pearest kaown {reqguency and reseiting for
zero error. Then take [inal seiting of {5 agninst the

unknown freguency. Mulltiply this value of iz by iy 1o

obiain the value of { .

TYFPE 1106 FREQUENCY TRANSFER UNITS

SECTION 1
DESCRIPTION

While the detector has an actual fundamental range
for each range switch position, the {requency meters
have either two or three fundamental ranges (for the
first two or three ranges) with the balance covered by
gelected harmonics. The fundamental ranges, the har-
monic ranges, the ireguency coverage of every range
and the number of the harmonic used for coverage of a
harronic range are all indicated on the accompanying
range chart. Further, the chart indicates which one
of the fundamental ranges is involved in the coverage
of each of the harmonic ranges. The harmonic ranges
are all calibrated on the frequency dial, and in the normal
use of the instrument, there is no noticeable difference
in operation on either fundamental or harmonic ranges.

The use of harmonic frequency ranges in the ire-
gquency meter permits the use of fewer coils. The coils
that are needed can, therefors, be made of smuch greater
volume with 2 resuiting higher Q, giving much improved
periormance.

The output circuit of the hetercdyne freguency
meter includes a buffer amplifier, a rectifier for har-
monic generation, and a control for adjusting the level.
The outpat connection is a concentric plug at the rear.

The radio-{requancy input circuit to the detector
is at a concentric plug at the rear. The inpul circuit
is designed to work from an impedance level of about
50 ohms. The audio-frequency output is obtained at a
concentric plug at the rear, and is at approximately
500 -ohm impedance level. All of these conneclions are
intended for use with the Type 1108 Coupling Unit.

The detector is supplied with 2 regeneration conirol
so that the detecior can be operated in either the os-
cillating or non-oscillating condition.

SECTION 2
INSTALLATION

supplied. Be certain that power corresponds in voliage
and frequency with values given on plate at receptacie.

{3) For change from 105 - 125 volis to 210 - 250 volts,
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or vice-yversa, connect primary windings of transiormer
25 shown in wiring disgram and clange fuses as indicated
in parts list.

{4) Input and output compections are made by concentric
plugs ai the rear.

DETECTOR

The effcctive operation of a regenerative delector
requires a cerfain amount of practice. The beginning of
pseiliations wsually occurs with the regeneration control
advanced aboui ope-quarter {o one~half from the mini-
mum position. For any given frequency sefting, the most
sengitive condition for receiving continuous wave signais
is just after oscillations have started. The most sensi-
tive condition for modulated signals is just below where
oscillations start. Careful adjustment of the regenera-
tion control is therefore imporiant. I the regeneration
control is advanced too far, a sgueal may be heard in the
cuiput, due to blocking of the detector.

Do not overload the detector tube with stropg sig-
nals. The sensitivity is best at {alrly low signal strengih,
When recelving continuons wave signals, too sirong a
signal applied may lock the detector into synchronization
over an appreciable range on the frequency dial.

¥ difficulty is encountered in picking up a signal
whose {requency is only approximately known, Introduce
a standard-harmonic signal such as multiples of 10 ke
or 100 ke, Adjustment of the detector can then be made
to the most sensitive oscillating condition. Removing
the standard-harmonic signal then permiis search over
2 small range with “preadiusted” detector.

The {reguency calibration of the deieclor is some-
what affected by the setting of the regeneration conirol.
It is most accurate when regeneration is adiusted where
pseillations just start, that is, when adjusted for normal
operation in the most sensitive condition.

HETERODYNE FREQUENCY METER

In measuring a freguency, or in identilylng a har-
monic of a frequency standard, the outpat of the frequency
. meter is combined with the unknown or standard fre-
. guency and both are applied o the input of the detector.
" Means are provided in the Type 1108 Coupling Panel for
carrying out all the necessary swiiching, as well as regu-
Jation of the voltage levels of the standard frequency har-
monics and unknown frequency. When the Type 1106 Fre-
‘guency Transier Unil is used independently, means must
be provided externally {or combining the voltages and
Of regulation of the amplitude of the frequency being
easured.

. Having picked up and identifizd the frequency to

TYPE 1106 FREQUENCY TRANSFER UNITS

{8} Throwing the POWER switch to ON supplies power
{v the whole instrument. The PLATE swiich permitls
removing the plate voliage of the heterodyne freguency
meter, so that its signal may be removed, during 2 mea-
surement, without changing the dial setling.

SECTION 3
OPERATION

bhe measured in the oscillating detecior, set the helero-~
dyne frequency meter to the same range and dial selling.
Then search in the vicinity of this dial setting vntil a
beat note is heard. Adjust the freguency meter cuiput
=0 that beais of about egual intensity are oblained in the
detector for the unkmown and heterodyne freguency meter
signals.

The heterodyne {reguency meter can then be set
accurately in agreement with the unknown freguency by
the “three oscillator method”. Detune the detector so
that beat tones of a kilocycle or so are obtained with the
frequencies of the unknown and the helerodyne Irsquency
meter. This beat tone will wax and wane in intensity at
a rate sgual to the difference of the frequencies of the
unknown and the heterodyne {requency meter. By careful
adjustment of the frequency meter, the rate of waxing and
waning can be reduced {o a very small value, in which
case the frequency meler 1s closely maiched to the un-
known frequency. The value of the unknown frequency is
then read from the freguency meier dial.

Since the waxing and waning effect can be produced
by matching any mmir of the three freguencies, it is well
io be certain that the correct pair has been matched,
that is, the unknown and Ireguency meter fregquencies.
When the waxing and waning has been adjusted to a low
value, change the detector tuning slightly. The piich
only of the beat fone heard should change but not the raie
of waxing and waning. If eliher of the other two pairs of
freguencies have been maiched in error, the raie of
waxing and waning will change tremendously when the
detector tuning is altered.

In using harmonics of the helerodyne frequency
meter, # is evident, {rom the accompanying range chairt,
that when the detecior is employed, the correlated
ranges automaticaily insure the use of the correct har~
monic. The same is true with an external calibrated
receiver, i the hetercodyne freguency meter is sei so
that the dial reading corresponds io the frequency of
the receiver. With an exiernal receiver it is easy io
exiend the range of the hetercdyne frequency meter to
include the use of the 10th harmonic {(which is not on the
calibrated dials of the 1106-B and 1106-C ireguency
meters). When the receiver is tuned to frequencies in
the range from 30 1o 20 Mc, or 100 to 200 Mg, the hetero-
dyne freguency meter of the corresponding unit is set by
using one of the fundamenta] frequency ranges {ithe first
three range swiich positions) and adjusiing the freguency
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meter for 1/10th of the receiver freguency.

At times, when the cutput of the heterodyns fre-
guency meter ig taken to exiernal equipment, situations
arise where the barmonic of the frequency meter is not
identified by the method of use. In such cases con-
siderable confusion can result if the range seftings cor-
responding to the harmonic ranges, shown in the range
chart, are used,

H the unknown Irequency is above the fundamental
range of the frequency meter, first establish which har-
monic is being used, by utilizing the fundamental scales
only. With the heterodyne {requency meter set at the
highest fundamental frequency, gradually reduce the
frequency until a beat is obtained against the unknown
frequency. Note the frequency meter reading for zero
beat. Then continue to reduce the frequency of the fre-
guency meter until the next beat is obtained against the
unknown freguency. Note the frequency meter reading
for zero beat. Then, if f; is the first reading and f9
the second, we have:

nfy = {(n+ 1)f2 =1,

and n x_mf_z_mm
£ -1

The harmonic number n should be an integer; if
the caleulated result dves not give an integral value, it
is evident what the nearest integral value is, and this
value should be used.

24

I this integer corresponds to one of the harmonic
numbers appearing on the range chart, t he range switch
of the {requency meter can be set for the corresponding
range, glving a direci-reading scale. If the integer is
not one appearing on the range chari, it isa simple mat-
ter to choose another value of n, by taking successively
iower seltings on the fundamental irequency meter
scales.

¥ the unknown freguency is below the Sundamental
freguency range of the heterodyne frequency meter, any
beat which is obtained ig due to 2 harmonic of the un-
known {requency beating with the fundamental (or a
harmonic) frequency of the frequency meter. The har-
monic can be identified most easlly by use of the detector.
Starting with the lowest frequency, gradually raise the
deiector freguency until a beat is obtained. Note ths
irequency reading for zero beat. Raise the detector ire-
gquency until the next beat is oblained and note the fre-
queney reading for zerc beat. Then if iy is the first
and {5 is the second frequency reading, we have:

afy = fy

{n+ 1>fx = 52

fg - fy = £,

The difference of the two frequency readings gives
an approximate value for i, which, when substituied in
either of the first two eguations permits identification
of n, since n must be an integer,




PURPOSE

2 The Type 1107-A Interpolation Ogcillator is
.- designed particularly for use in conjunction with stan-
dard-frequency equipmentto measure the audio—frequency
“difference between the unknown Irequency and a har-
wonic of 10 ke {rom the standard. This difference
Sranges from O to 5000 cycles, for all such measurements.

ADVANTAGES

The Type 1107-A Interpolation Dscillator is of
‘the beat-frequency type, with a direct-reading linear
-goule; each division of the scale corresponds to an in-
rement of one cycle, A special feature iz the use of
direct” and “reverse” scales, permitting freguency
gasurernents to be made by addition only. This featurs
g described in detail below.

Provision 1s made for readily introducing a stan-
-éam frequency for checking the calibration of the inter-
slation osciliator, uiilizing the outiput volimeter as a
‘Beat indicating meter. In a similar manner, an audioc
dreguency, the value of which is to be determined, can
eintroduced. Separate volume controls are provided
o adjustment of the levels of the interpolation oseilla-
v output and the inpui signal from either the frequency
tandard or the source under measurement.

. Separate incremental-frequency dials, covering a
ange of plus or minus ED cyeles, are provided for both
girect” and “reverse” scales. These are also used
as.zero adjustments.,

RINCIPLES OF OPERATION

=1 The audio frequency output {0 - 50989 cycles) is
wed from the difference in irequeney of two radic
equency oscillators operating at 42 or 47 ke and 42
7 'kc The ixed frequency of 42 or 47 ke is selected
he “direct” and “reverse” switch positions respec-
_ 1y, In the “direct” position, as the dial is moved
or the 0 - 5000 divisions scale, the output irequency
ariss from O upward to 5000 cycles. In the “reverse”
0sition, 4s the dial is moved over the 0 - 5000 division
‘theé output freguency varies from 5000 cyeles
ward io zero., The “reverse” scale is separate
e “direct” scale and is marked o be read from
'DQGD cycles. The scale in use is marked by an
_ed index, the illumination changm.g from one
o the _Dther, when the “direct-reverse” switch is

25
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TYPE 1107-4 INTERPOLATION GSCILLATOR

BECTION |
DESCRIPTION

The accompenying figures indicate the manner of
use for measuring freguencies in conjunction with a 10-ke
harmonic standard {requency.

in Figure A, the unknown frequency is less than
5000 cyrles above the 10-ke standard frequency harmonic
3. Using the “direct” scale, the difference in frequency
{4 -1y=1y is matched by using the interpolation oscilla-
tor. The value of £ is then given by Iy = ) + iy,

In Figure B, the unknown Ireguency is more than
5000 cycles above the 10-ko standard freguency harmonic
f} Usmg the “direct” scale, the difference infreguency
ip -1y =}, is malched by using the interpolation oscilla-
tor. Th@ value of Iy is thengiven by iy = fg - §j. I will
be noted that the “direct” scale corresponds to the usual
interpolation oscillator having but one seale. It wil also
be noted that, in effect, the scale divisions are laid off
to the left of {5, that i3, in 2 negative direclion, corres-
ponding o the sublraction of Iy, from is.

in Figure C, the use of the “reverse” secale is indi-
cated, On throwing the switch to the “reverse” position,
the fixed nscillator frequency is shifted by 5000 cyeles.
The output {reguency then varies from 5000 cycles at
zero divisions on the original scale to zero at 5000 divi-
sions on the original scale. In other words, the sense
of the ireguency change with dial reading has been re-
versed. Using the original vernier dial, a new main
scale is provided which is marked to read 5000 divisions
{at zero of the original scale} to 10,000 divisioas {at
5000 divisions of the original scale}. For the same
vaiue of {5 - I, = 1§ as in Figure B, the actual inter-
polation oscillator output frequency must, of course,
be the same 25 before io oblain a maich. Referred to
the initial 10-ke standard irequency harmonic, iy, we
canwrite for ix =19 ~fp, fx = f1 + {f2 - f1 - fb) The
difference f» - 1 is of course equal to 10 ke, the base
standard frequency. The quantity in parenthesis is then
equal to 10 ko minus the beat frequency fy,. This guantity
is evidenily the same as Iy, read in a positive sense
irom iy, the initial 10-kc standard frequency harmonie,
and iy = {3 + Iy’ where i’ is vead from the scale pro-
vided for the "reverse” swiich position.

In Figure I, the frequency and dial divisions of
the inferpelation oscillator are shown, for use of the
“direct” and “reverse” scales, as required for covering
a complete interval from one 10-ke standard frequency
harmonic, {1, to the next higher, f3. Figure D, in effect,
combines Figures A and C.
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TYPE

aeeordance with the fube tags.

£33 Connect the lne plug to the power line. Be sure
dzaz voltage aad Irequency corrsspond Lo valuss given
on namepiate beside power socket,

] For chapge from 108 - 125 volis to 230 - 250 volis
£ ovige-versa, connect primary windings of transformer
shown in wirlng dlagram and change fuses as indicated

parts list,

Wien the power switch is thrown to ON, 2 bright
¢ of light should appear at the index of the scale, on
dower scale for the DIRECT-REVERSE switch in the
AECT position, and on the upper scale for the switch
inihe REVERSE position. The disc of light thus serves

BRATION

The ingtrument is adjusted at the factory so that
e 5eaie iz divect-reading within +2 cycles.

NDARDIZATION

As the instrument is normally used a8 an inter-
5t 'm oscillator, in conjunclion with a frequ uency stan-
cprovision has been made in the Type 1105 Fre-
ty Measuring Equipment for the rapid and conven-
-e{:kmg of the osciilator calibration against 300-
B-cyele standard frequency, using a cathode ray
S%:i)pt, This method provides a tremendous num-
; _?mm;za frequencies, so that the oscillator can he
d 4t points within 19 cyales of any frequency in
ange from 0 fc 5000 cycles. In use it is more con-
tin i:ermg the scaie error to zero, by adiusiment
AL” dial, as a “zerc set”, than it is to determine
of the error.

NATIVE METHOD

snthe interpolation oscillator is not being used
cequoncy standard, o few volis derived {from the
2 ime can be used as 3 standardizing source,

athz In matching an unknown frequency
nterpo}.atmﬁ oscillator, it is generally most

use telephones or loudspeaker whils
beatq on the output meter. If the source
red brovides ample signal, adiust the INPUT
L {with the OUTPUT control at minimum)
on of roughly one-half scale is obtained

2

BECTION
OPERATION

3

H1G7-A INTERPOLATION OBCILLATOR

SECTION 2
INETALLATION
{3} install vacuum tubes, if not shipped iz olace, in aga “pilot” ag well as indicating the scale in use.

{8)  Separate inpul and cutput terminals are supplisd
Both on the panel and al the rear. The suiput voltage of
the pseillator is availabie at the culput terminals: the
outpt level is conlrolled by adjustment of the QUTPIT
volame control. The INPUT terminals are pr O«fi{ft“d for
mtroduetion of the sudio frequency to be matched on the
oacillaior. The level is controlled by adiustment of the
INPUT control.

{8)  The panel terminals for input and outpyt are ar-
ranged for use with either Tyvpe 274 Plugs or concen-
trigc connectors; the rear terminals are arranged for
use with conceniric connectors only, which are supnplied
on the pateh cords for connecling Type 1103 Measuring
Eguiproent.

3

on the meter. Then advance the OUTPUT control o
obiain the maximum swing on the meter, when the os-
cillator frequency has been adjusted nesrly to the fre-
gquency being measured. Under thess congditions, the
meter needle will swing from pearly sero Lo nearly fall
scale. Accurale matching is then obiained when the os-
cillator freguency is adjusted fo siop the motion of the
needle af mid-swing.

Weak Blgnala: I the source being measured provides
only a wesk signal, sdvance the INPUT control io maxi-
mum. Advence the QUTPUT coptrol only far encugh to
cause the meter needle to swing aear fo zero on the
seale. This adjustinent gives the greatest possible
gwing, which, however, may be over only the first few
divisions of the meter scals.

if the oscillator has been sof 10 one-balf or twice
the frequency being measured, although a small swing
of the meter needle may be observed, it is not possible
i obiain the pronounced swings, down 10 zero, as des-
cribed above,

Beat Matching with the CRO: In matching a very low
freguency, it is difficuit to tell by ear whether or not the
oscillator is equal to the frequency being measured.
Freguently, it is found that the oscillator has been get
to one-halfl or twice the low frequency. With the pre-
cautions previcusly outlined it is veually possible 1o get
2 maich by use of the outpul voltmeter. It is much more
reiiable and generally much quicker to use a cathode ray
oscillescope, since the form of the paltern leaves no
doubt as io the frequency ratio. A further advaniage iz
that the oscillator can be sei to a known muttiple of the
irequency belng measursd and a more acourale result
is obtained.




GEMERAL RADIO COMPANY

Small Changes in Freguency: The “Af” dials are
provided with scales covering +10 cycles, in 0.5 cyele
divisions. In measuring small changes in freguency,
set the Af dial ai zero and adjust the main fregquency
control to the reference frequency. The small changes
in frequency sre then matched by use of the Af dial, the
+ portion indicating an increase and the - portiona

decrease in freguency from the reference value.

Audic “ource! To use the interpolation oscillator
a8 an audio-Ireguency source, use the DIRECT seale.
Turp the INPUT conirol to minimum. The oulput voliage
is controlled by adjustment of the OUTPUT control. The
meter indicates the vollage applled {o the load connected
to the “putpat” terminals.

SECTION 4
MANTENANCE

if it is found thal, over a period of time, the sai-
tings of the Af dials have drifted from zeroc when the
main scale is set to correct reading against a standard
Irequency, realignment iz readily made as follows: Set
the main dial fo the correct reading for the ireguency
of the standard. Adjust the Af dial for zero beat. Adjust
the trimmer capacitor corresponding with the Af dial in
use {under smap covers just below the DIRECT-REVERSE
switch) until zero beat is again obtained at zero on the
A dial.

I it is found that the number of divisions on the
main scale, to cover the range from 1 to 5 ke is greater

{or less) than the correct sumber, if indicates thai the
variable capacitance is too small {too large) relative to
the fixed capacilance, in the variable oscillator circuit,
The initial capacitance of the circult should therefore be
reduced (increased slightly. This is done by removing
the soap cover, to the right of the main freguency control,
and adjusting the trimmer capacitance.

Having made a change in the setting of the trimmer,
reset the oscillator io 1 ke, readjusting the Af capscitor
as necessary; then check the scale reading obiained at
3 kc. Repeat the frimmer adjustment as necessary to
obtain correct alignment.
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WIRING DIAGRAM FOR 1/107-A INTERPOLATION OSC/LLATOR
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GENERAL RADIO COMPANY
TYPE 1106-A FREQUENCY TRANIFER UNIT
RES!ISTORS TYPE CONDEWSERS
Rej = 48 ¥ Ohms £10% REL-30BF g = 2.0002 of  £ip% ou-558
R-2 = 10 K Ohms  #10% REC~20BF &2 = 2,025 of 2108 G0~ 508
B3 = 33 K Ohms  210% REC-30BF L-3 = 0,075 of  2iod C-508
Rmy = i Megohm 0% REC=20BF Loy = 5,00 uf 20% COM-LEE
R-5 = ] Megohm /0% REC-20BF L5 = 0.0f uf ’ £OM-YEE
— REf =45 A0 12%
R-B = 750 Ohms %57 REC-20BF C-8 = 325 uuf ithy 1106-29
g7 = 0,1 Megohm 2109 AEC- L-T = 506 wuf 779403
Re = {0 K Ohms  210% RE G-30B% CeB = 2% uuf £107 P70
f=% = 200 Chms £10% PGSC-;%F d - 208
Relg = 220 Ohos £10% REC~ 20 T |t 1104 .
Rell = Leit = uf 0% £0L-5
Rutg = L-12 = 0.0% uf 2109 M- BB
Rn13 = £-13 = 5.0 of &0t Coai5h
By = fuin =
R"'i& = 5,35 =
Re18 = 2%0 Obms 10 REW-6L Leif =
R-f7 = 240 Ohms £5% RLw-£0 Ceyy =
R-i8 = 240 Ohms 5% REW-BC £-18 = 15 ot 2684
R-ig = 5 ¥ Ohms 124 1IP0- 1037 $-19 =
R-20 = 20 = 0.01 of 03 {0k 71
R-2{ = §0 Ohms +10% REPO-iD23 f-21 = 8,00 uf 1 0% o |
Bm22 = 10 Ohms +16% REPO-1028 £~22 = 100 wf Y5O D.D.W.Y. L0E-48
k-23 = L~23 = 100 of 450 D.L.%, 4. 0OE-10
R-246 = 10 K Ohms  £10% REC~3GDE £-24 = 10 af 450 0.C.8 Y. LOE-10
fa25 = i Megohm 0% REC~20BF (-25 =
R-26 = 0,1 Megohm ®I0% REC-3DBF C.08 =
R-27 = 10 ¥ Ohms POSC-% e-27 = Q.00 «fF 2109 C0wn 308
R-28 = 47 K Ohms  £10% % REC-300F ¢-2e = 0,000 uf  sj0% £iH- 308
B23 = 47 £ Ohes £10% REL-300F £-28 = 0,005 uf +2% (- BEE
R-30 = 16 K Obms +10% REC-300F L-30 = 500 wuf T79-u1
R-3t = { Hegohm %404 REC-20DF C-31 = 320 wuf &R 1106-29
R-32 = 470 Onhms 104 RER-4C (~32 = 0,00025 of ¢10% (04~ 108
= - £n33 = o0 auf £10% Com- 208
R-33 47 % Ohms 1107 REC~30BF ¢ = P, e
R-34 = | Megohm  £10% REC-20BF -39 = 001 uf #20%10% by
#og = vt C-3p = | ouf £10% 18
=35 = 475 Ohms £10% RE 4Ll - i
_ : .38 = 20 wuf 456 D.L.¥.Y.  (DE-5
Re36 = 47 K Ohms +10% REC~203F - = ‘ £10% 4 50B
R-37 = 0,1 Megohm £i0% REC-ZLBY C-37 = 0,05 oy - 50
e 0-38 = 200 of 0 DLL.W.Y. (OE-6
R-38 = 270 Dhms | 0% REL=20EF i D
R-35 = 10 K Ohas 3104 REC~30BF (-39 = 0,05 uf 0% o ooM-508
® - 7 X IV f g Dlew ¥ o
§-40 = 5D Ohms +10% RES-20BF, 120 Ohms, in J; Lot = 200 w0 CoE-§
Be8i = 47 Ohma 0% PG 2oEF Lok = 0,05 of 20% & LoM- 508
. * el La%g = 16 uf 150 B.C.w.¥. COE-4
PHDBCTORS MISCELLANEQUS
bay = 1106-25- | Sel = Switch 1106-28
tw2 = 1106262 S-2 = Switch DPST  SwT-3a3,Np
L-3 = 80 mh 379-R S-3 = 3witch DPST  SwT-333,up
Lel = 2.5 mh CHA-RO7 54 = Swiich 1i06-27
-5 =
L-6 =
L-7 = dei = Jack 274- 406
L84 & 8 = §10B-25-1 J-2 = dack 274-p
L84 & B = 11D8~25~2 Jed = dack 374 P
L-104 & B = ]i08-25-3
t-1iA & 8 = §305-25-% F-] = Pijgt Light 2LAP-233
L3124 & B = §106-258-5 P.2 = Pijot Light 2LAP-330
1-134 & B = }1106-256~6
L-i%4 & 8 = 1108-25-7 Ploj = Plyg ZLOPE-10
i-i5A & B = 1108-25-3
i-i64 & B = 1106-25-3 T-1 = Transformer H85-439~2

FYSES

For }{5 v, operation
Fol 0.5 amp. Slow Blow 386 &R FUF~4
F-2 0.5 amp, Slow Blow 386 GR FUF-i

For 230 v. operation

EL

Fog 0.3 amp, Slow Blow 348 88 Fuf-4

F-3 0.3 amp,  Slow Blow 388 GR FyE.i
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RES{STORS
fad = 33 ¥ Ohms 0%
-2 = 3300 Ohes 23 DE
k-3 = 3300 Ohes 100
R = 33 X Onms 250%
R = ! Megonm 2508
R ® ! Hegohm $40%
R-7 = 750 Ohms +5%
#«8 = 100 X Dbms 2 10%
8.3 = 200 Ohms
g1 = 220 Ohes £10%
Relt = 18 K Obms £10%
Reds =
Rai3 =
Re-i8 =
a5 =
R=if = 280 Ohms 5%
R-17 = %8 Onhms 5%
R-18 = 280 Ohms 5%
g-19 = 5 K Ohms
R-2D =
R-21 = i0 Ohwes 0%
R-22 = 40 Ohms 1 10%
R=23 =
7.24 =
£.2% =  BE0 k ohms 21 0%
R=25 =  §00 ¥ Ohms 240%
g-27 = i0 ¥ Ohms
R-28 = 47 X Ohms 21 0%
8-29% = 47 K Ohms £10%
A-30 = 1G ¥ Ghms £30%
R-3 = { Megehnm 210%
R-32 = %70 Ohms £50%
R-d3 = Wi K Ohms +i0%
R-34% = 1 Hegahm 10
R-35 = W7D Ghms +£30%
Ra38 = 47 K 3hs +18%
2-37 = 100 £ Obpma zi0%
R=38 = 270 Ohms 2108
Re3% = 0 K Ohma 105
240 = 50 Ohms +10%
R=uy = 47 Ohms 7%
THPULTORS
- = 1306 -214nt
=2 = 11068-282-2
L-d = MgE.212.4
L-% = & mh 7a-T
L-5 = 2.8 mh CHA-597
R
-7 =
w=8A & B = §1068.25-10
.94 4 8B = 1106.25-41
1-104 & 5 = 11062512
L0k & 8 = 11062513
L-dch & B = 1596.211-1
.28 3 B = 14062112
fL.fvh & B = iip8.214.3
=154 & § = 110621 1=4
i~46A % B ° 1106-211-5
{174 & 3 = §106.211 .6

GENERAL RADID COMPANY

TYPE 1106-B FREQUENCY TRANSFER UNIT

T¥PiL

#EL-30DF
#EL=-308BF
REC~30BF
REC-30BF
REL-200F
REC-200F
REW~4C

REGC~300F
POSL- 1D
REL-ZDBF
REC-30DF

REW-EL
REW-E(
REW-6C
REPG-§ 037

REPD-1028
REPO- 1028

REC~Z00F
REC-30RF
PGSC-2

REC~30DF
REC-30DF
REC~30RF
REC-20BF
REW-4¢

REC-308F
NEC~ZOBF
REW-UC

REC-ZOBF
3 C-20BF
REC-Z0DF
REC-B0BF

REC-Z0RF,2 1000 in f/

REC~20BF

M

B e W
o Py e e

nof i

Switeh DPRT SWT-343, NP
Switch DPBT Swi-33d ne

- Switch 1106233
deto= ek E74- 408
Jed = dack 2374-F
J=3 = Jack A7u-F
Fol = Pilot Light ZLAF-34D
F22 5 Pliot Legnt ZLAP-338
Fre-bE Plug ZLRPP-10
T-f = Transformer $85-033-4

FUSES
LR v
= 0,5 amp.
© .5 amp.
230
0.
9.3 anp

operation

. oparation”
3 anp

Sipw Blow SAG
Slow Biow 348

Siew Blow 3AG
Slow Blaw JAG

&R
GR

GR
GR

CONDERSERS TYPE

-l o= 00002 4f ERis £OM- b5
L.2 = 0.075 uf +10% LOM~ 508
£-3 = 0.925 210% £0M- 508
To4 = 0,000 uf £2% {0M-45E
Leh = 8.0061 of +2% LOM-45E
L7 = B puf GR 73408
{-7a = 50 uf B2
-8 = 03000 uf £10% £OM« 208
a3 = 0,00002 .f +10% oM~ 208
Laif) = ouf LPL-B
[V § ] §owuf LOl-5
Laf8 = 0,000 o +10% LOM-458
L-i3 = P01 uf +10% LoM-458
Labd =
{15 =
a6 =
£aif =
C.18 = 15 et BPPROR. F58- 404
£-18 =
£.20 = 0.0 uf £10% LoL-TH
£-23 = 0,61 uf 2} ¢ £oL-T1
-22 = 190 uf 450 D.L.4,Y, L0E-18
£.23 = 100 of 450 D.L.W.Y, COE-DD
24 = 105 uf 450 D.C0.%.Y. COE-1D
L-25 =
Ca26 =
£.37

25 = 0,000 uf 2108 C{mM~308
z = 50 wuf 778402

~aiin® 25 wuf GR Loael [Part o
£=32 = 0,08025 uf 4104 COM-108
Cogd = g uuf +30% COM-08
Lol = 0,905 of  +20% 105 GR COH-iS
Ladh = bowf +10% CoW-16
£.38 = 20 wf Us0 b.L.u. Y. [AESS
$-37 = 0.95 uf 10 EOM-508
C-38 = 200 uf 10 DLW Y. TOE-E
=38 = 0.05 of #E0% COM-508
Co%0 = 200 uf 10 D.CLH.Y. CDE-E
L4 = 5.05 .f 4 b % [OM-508
go42 = 16 uf 150 D.C.#.V. ODE-4
SCELLAHEOUS

= Switch PIg6-20%

>3
L]

COA-L {Part of T73-e08}

FRO-HL7]
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RESISTOR

4708 Dhas
10 ¥ Ohms

8700 Ohms
%7 ¥ Ohms
470 K Ohms
{ Megohm
Y70 Ohms
100 K Ohms
} K Onm
Hegohm
BE0 Ohms
33 K Onma

LG Dhms

240 Ohmg
240 Ohms
240 Ohms

5 K Ohns

1L Onms
10 Ohms

47 Dhms
I Megohm
Y700 Ghms
0 X Dnms
W7 K Ghms
{0y Chms
y7 K Ohms
i Hegohr
470 Ghms
47 ¥ Ohms
i Magobm
470 Chms
47 K Ohms
2 ¥ Chme
270 Ohms
i K Ohms

U7 Ohms

£10%
0 G%
=4Q%
$10%
+10%
£10%
£40%
+10%

£10%
$10%
230%
+i0%

5%
5%
£5%

1 10%
0%
110%
+10%
+10%

+10%
+10%
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GENERAL RADIO COMPANY

TYPE 1108-C FREQUENCY TRANSFER UNIT

TYPE
REC-J0BF
REC-30BF
REC-30BF
REC~30BF
REC~20BF
REC-108BF
REC-308F
REC-308F
POSC~10
REC~2DBF
REL~Z0BF
REL~30BF
REF«1  Unspirailed

AEW-BC
AEW-6C
AEW-5C
REPU- 1337

REPQ- 1028
REP(-E028

REC~2GBF

REC-208F
REC-20DF
POSC-9

REC~30DF
REC-300F
REC-30BF
REC~20BF
REW-4L

REC~300F
REG-2007
REW-4C

REC-300F
REG-I00F
REC-200F
REC-305F

REC~ ZOBF
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L-18
=17
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FUSES

1006-237-1
1106.237-2
11062373
CHa-597
ICHA- 39

08250

11062331
1106.232-2
1i06-233-1
§106-233.2
1106, 234.1
15062342
1{06.235.1
140622352
1108~245-3

COMDERSERS
t-f = 0.005 u4F  #20%-10%
-2 = 0.00005 f $190%
fimd = 0,005 of  2205-10%
Lol = 0.006 .f 2200101
-5 = G.02 uf +20%,~10%
g6 = 0.00002 uf 1%
£-7 = 47 Luf
(-7 = 2% wuf
£.8 = £,00015 of +2%
-
{atf = 0,08015 .f +5%
Lall = 8,02 uf +20%, 194
I 0.02 of +20%, ~10%
£o43 = 0,005 uf +20%~10%
L §% = 0.02 uf +2G%,~10%
L. 45 = G.0005 uf +10%
Cai6 = 0.0005 of £50%
L7 = 0.00000% of  310%
L-i8 = 2 ppt Apracx,
£-49 = ,
£-20 = 0.0 uf $10%
C-21 = g.01 uf 2 40%
€-22 = 100 uf B50 D.CLW, Y,
£-23 = 160 of 450 D.{LW. Y.
£-24 = 100 uf NED DLCLW.Y,
025 = 519 uuf 191
L-28 =
£.27 =
£.28 = 0.00061 uf +10%
£-23 = 25 puf +10%  MpTs
£-30 = 2 sectiens,ZB0 uuf per aest,
Le3t =
fadd = 9.0006 Lf 240%
{33 = 00005 uf +10%
£-3Y4 = 2250 uf 10 D.C.¥. Y,
r.4% = i uf +io%
Cau8 =
£-37 = 0.05 uf +10%
re38 = 200 uf 16.0.0,0. Y,
$-32 = 8.05 uf £18%
L83 = 200 uf 16 B, Cau. ¥,
Lol = .05 uf £i0%
f=4f = I8 uf 180 D.C.M. Y.
MISCELLANEOUS
3-1 = Switch }196-214
$-2 = Switch BPST  $WT- 333.0°F
5-3 = Switeh DPST  547.333,MP
5-4% = Switeh §i068-236-2
el = Jdack B74- P
J-2 = Jack BT -0
d-3 = Jack &74-P
dot = dask 874406
P-i = Pilot Lisht 2LAR<333
P-2 = Pilot Light 2LAP-333
PL-1 = Piug ZLBPP-10
Ted = Transformer 485483
R¥~| = Rectifier

2RE- 1400~ 3

For 113 wolt aperation:
F-1 = 0.6 amp. Slow Blow 36
F=2 = 0.6 amp. Siow Blow 3AG

Stow Blow 346G
Stow Blow 346

For 230 volt operaticon:
F 0.3 amp,
= 5,3 amp.

GR FUF~§
&% FyF-1

GR FUF~1
GR FUF- 4

Lol-15

COM-458

Lo §5

LoU-1%

LOU-18

ChM-208

i79-%05

C0A-1 {Part of 779.405)

COM-4BE

LOM-4BE
Lol 18
Lol-10
COU-15
Cou-19
COmM- 208
£08. 208
M- 208
368-412-Z

£5L.7)
0471
COE- 10
L0E-10
COE-10
{0M- 708

LM~ 208
g2t
FI5.406
1E06. 343
(OH~ 203
£0M- 208
LOE-2

LOW~i5

£0M~ 508
LOE-5
COM- B0R
fOE-6
COM- 508
(HERE
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WEST CONCORD, MASSACHUSETTS

EMerson 9-4400 Mlssion 8-7400

REPAIR SERVICES
EAST COAST

General Radio Company

Service Department

22 Boker Ave., W. Concord, Mass.
Telephone EMerson 9-4400

DISTRICT OFFICES

NEW YORK
Broad Ave. at Linden, Ridgefield, N. J.
Telephone N.Y. WOrth 4-2722
N.J. WHitney 3-3140

S YRACUSE.
: - Pickard. deg S
- East Molloy Rd.; Syracuse 1T, N Y.
i Tefephone Gi,enwew 4.9323

NEW YORK

General Rdﬂic Company
 Service Deparfmen#
Broad Ave. ot lindén, Rfdgefwid N.J.

Teiephone N.Y., WOrth 4:2722
o N} WHafneyS 3140

MIDWEST

Genemi Radm Compcny |
Serwce Beparimenf
66 Nerih ﬁ«ve Oak Park, Hil.

. Ce 'mpany
S erwce Beparfmeni

| .'_;'3.':99 Fio?ai_ Pkwy' Toronfo' 15
Te£ephone CHerry 6 ?'71 i

Pristed i USA i




