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PART VI

TYPE 1109 COMPARISON OSCILLOSCOPE

This cathode ray oscilloscope unit is designed
particularly for use as a frequency comparison device.
The three-inch cathode-ray tube includes horizontal and
vertical deflection plates, by means of which a circular
sweep can be produced, and a radial deflection electrode,
by means of which the voltage to be studied produces
deflections radially inward and outward from the ciren-

lar-sweep base. This type of display is particularly

useful for frequency comparisons since the patterns are
not distorted at the sides 25 in older sysiems.

The panel of the Type 1108 Comparison Oscillo-
scope is shown in the photograph of Figure 7. A sche-
matic dingram is given in Figure 8 and a wiring diagram
in Figure 9. At the left side is the x jack for introducing
a frequency 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
and INTER Polation OSCillator. The LINE position gives
the frequency of the power line supplying the unit; the
INTERPolation OSCillator position gives a variable fre-
quency circular sweep, the frequency being adjustable
at the interpolation oscillator. The CRO tube face is in
the center, with the SELECTOR switch to the right. The
SELECTOR switch permits selection of the pairs of
sources which are to be compared. These are X vs IN-
TERPolator CIRCular SWeep; x vs STANdard CIRCular
SWeep; DETector output vs STANdard CIRCular SWeep;

i5

INTERPolater vs STANdard CIRCular 5% aep; and DET-
ector output vs INTERPolator (Ldssajons paiternl, At
the right is the power suppiy swilch. Along the lower
edge of the panel are the following controls: DIAMETER
and SHAPING controls for cireular sweep; HORizonial
and YERTical CENTERING comtrols and FOOUUS and
BRILLIANCE controls for cathode ray tabe.

Conceniric jacks at the rear provide for comnecting
the unit to the 100-cyele, 1-ke, and 10-ke gutputs of the
frequency standard and to the owtpuls of the thres 1166
Freguency Transfer Units and the 1107 Interpoistion
Oscifiator. (These last are obtained =i the renr of the
1108 Coupling Unit.)

Foliowing is a brief description of the types of
pattern chtained in the various cages:

With the SELECTOR on the DETector ve INTERPo~
lation OSCillator position, a 1:1 Lissajous caliern is ob-
tained when the interpolation oscillator iz adjuzied to
match the beat-frequency output of the Type 11066 Fre-
quency Transfer Units. The pattern appears as z circle
or ellipse gradually closing to a straight Une and thes
opening up agzin »t a rate which iz egual to the difercace
in frequency of the two freguencies being maiched. (See
Figure 10.) If a perfect match is obtained, the patiers
does not change with time.



GENERAL EADIO COMPANY

igure 7. Panel View of the Type 1109-4 Comparison Oscilloscope Showing All Conirgls.
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r F_igure-s; Functional Block Diagram of the Type 1109-A Comparison Oscilloscope.
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Figure 10. Lissajous Figufes for a 1:1 Frequency Ratio.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

CONDENSERS ' RES{3YORS TYPE
Lt - 8.2 «f{2 ¥ 6.4 of) =189 L0183 b B.1 = 6 ¥ Ohms 6% 18C BT4
.2 = 0,02 uf £50% Aerovox  L#u5 B-2 = 10 K Obms POSC-12
£-3 = 0.002 m‘:l £40% Aevovor 183 %;a -= 1500 Ohws mg I8¢ BTA +H
-4 = W V. _ % = 060 K Ohes 210 156 BTA
g5 = 20 uf | 459 (0£8-20 5.5 = 100 X Ohes  &iC% ig¢ TR ES
-6 = 6.389 uf 210% *t- g.§ = 560 Ohma  =2i0% IR BTA =
-7 = 0.133 of +40% : *3 8.7 = 0 K Ohms  230% 1R BTA
-3 = 0.55 uf £40% =3 8.8 = 2296 Ohmz  210% {RE  8Ta
g9 =0.0038 uf +40% CoTy k-8 = 5K Ohma PoSC-it
g0 = ©0.05 uf £389 Aerovex  IUH5 B-20 = 5K Ohms POSE-11
g1 = .oy uf +80% EBL- 15 B-il = 5 K Ghms pose-7 ] SELECTOR
-2 = #.5 uf = k0% €oL-13 Bz = i Hegohm &16% 1RC ETA X-INTERP. CIRC. SW. Coa
L. is= ©6.30 of £40% *5 B-i3= 560 Ohms  210% IRC  BTA \ :
L-i6 = 0.03 of $107 Aergvor  MHE5 B-44% = & Megohm  210% iRC BTA X - STD.CRC, S '
€15 = 0,003 of +10% Mherovor A5 B-15 = 5606 Ohms +10% 1RC BTA . GIRG. S¥.—_ '.
€16 = 6.007 uf  :i0% T .16 = 1 Megohm  #10% IR BT i
g7 = §.5 uf +30% cot-43 0 RE7T T 560 Ohms  210% 1RC 814 DET- STD. GIRC. SW. —- + !
.18 = 0.3 a4 - %10% *7 g% = 22 K Omms  210% iR¢  BTa ' ez b
g-49 = 0.93 uf £i3% herovoxr  BuH5 R 1G = b Megohm z10% IRC BT& : i
g-20 = 0.0063 of +49% Aerovox  BH45 CR-20 = 560 Ohms x19% IRC BTE INTERP--STD, CIRG, SW. — i
C.2i-= 0,007 of  #W0E "8 Roof = 22 K Ohms  %i0%  IRC  8TA i
¢-22 = 0.05 uf £10% Aerovez U5 R-22 = | Megohm  x10% IRC  BTA DET. INTERP / b
g-23 =  0.05 uf 2i0% Aerevox  BMAD B-23 =  { Megohm  210% IRC  BTA iy ' ' 1
c.28 = 0,05 uf +50% Aéravor 1446 Ra24 = i Megohm  #i0% “jR¢  BTA W
¢-25 = 0.05 of $10% Aersvor  iWUS .35 = 1 Megohms POSC-7. Al
C-26 = 0,05 of 230% Aerovox . UM 8.35 = 2 Megohms POSE-7 H!
£.97 = 0.05 uf +i0% Rerovex  1UU5 R-27 = 2.2 Hegohms +10% 1Re BTA : I
£-28 = 0.05 of 250% Aerovox  MUN5 2-23 = 2.2 Megohms  £i0% 12¢  BTA PANEL il
£.99 = y ouf +10% COL-45 B-29 = 3.9 Megohms £40% IRC BTA ENGRAVING
£-30 = 0.25 uf  2i0% CoL-36 R-3 = 2 Megohns POSC-7 \
.34 = 20 uf | _ :-i; = Iggoméggt;ms 210% 182¢ BYA
£-32 = 20 uf . -32 = ms . POSC-7
Ca s 20 uf L 450 v COE8-25 g 3= 560 Ohms 403 IRC  BE-2
63 = 20 u; . :: ; = ggg g:ms twé 1R BW.2
.35 = 0.0k o £30% Aerovoz 4 .35 = ms tig JRC BW-2 N
C.36 = 0.08 uf £10% derovox MUl R-36 = 1 Megohm £10% IRC  BTA Glﬁngngzhslg\'EE i
£-37 = 0.05 uf +§0% Asrovox 1445 ' : /—— LiNg
MISCELLANEGUS 100
=3 = Made up of: o 100
€85 = 0,03 uf 210% Aerovox L4 F_1 = 0.5 amp Slow Blow 3AB BR FUF~1 (1(Bv
£-68 = 0.25 uf 230% coL-12 £.2 = 0.5 Siow Blow 3A8 BR FUF " + — i &e.
e80 = 0.1 uf stof Part of COLB-1¥ -2 = 0.5 arg oW O oW Al 14 51
£-8 = G.3 a@p Stow Blow 3a6.GR FUF-} izaov}
az - Nade up Off 'F*2'= 0-3 w S!Bﬂ B‘ow 3‘6 G'R FﬂF-l 2&" \ 10 Ke.
€74 = 6.82 uf 286% Serovox IN45 - h
C.78 = 0.02 uf £l0% berovox 1445 ;::’; ;gg:f%sm t-i = 485-425-2 ‘ : L INTERP. O5C
£.7¢ = 8,003 uf 2407 herovox 445 - 1-2 = 560 ab 8.8 (@ OFK Coil) S . ' -
.70 = 0.1 uof £10% Part of COLB-IY4 PL-3 = ZIN-0 1.3 = 0 &b 379-R : : L ITREYA TR - , :
*3 = Hade up of: : ;1"'2 - ;g,tg T.h = 385-468 ; 1. ety f ) n':p’/—\
e84 = 0.025 uf :10% Aerovox 1W45 - 1.1 = BWH-USZ : . g IR R P [T S
£.88 = §.025 of k0% Aerovox ERU5 L1 = TIN-P 1-3 = 345-H52 _ - . - : a\';}‘
*y = Made up of: ’: 8.0 = SEnH.3% " . : E y clhﬂ_
(@4 = 0.002 «f £10% Serovom [WN5. 8.2 = SHRB-3S Q;_,. Q, _ U-‘O Q i = '
£o8 = 800 wuf 210% Rerovox BHES . 9.3 = 3wt.233 . L o PO T L
*g = Made up of: O -3 - : _'.;'_;::::::_:*::::::::::;::::: ______ L oFF POWER
€134 - 0.25 uf 21093 GOL-12 , _
6138 = 0.05 uf £10%  COL-10 TUBES | : T D &
— ]
=g = Made up of: v/ RCA 657 OV'A ”5|?qr,p2U3TOV @E_# : ;5 = .
€ (54 = 0,005 uf :(0F derovow (485 - - vz _ 60 L X e G - | B
CoiuB = §.602 of xi0% Aerovox W45 ;2 ‘_Qg‘d" 6J5-G7/6 ) 40-6 c36  fo € 15- FOR 230 Y0170
-3 RCA 6SN7-6T - : !
*7 = Made up of: o : PANELT :
G184 = 0.25 uf £10% €0L-12 -4  RCA BSN7-GT TOP VIEW OF INSTRUMENT , . e
g.188 = 6,05 uf £i0% COL-10 y-5 RCA 3DPI-A ’

: 7 YouT
{8 = Made up of: : v-6 RCA 2327879 TygE LAYCU §
tg:‘; c g-ggg “’; ::gé :"""” :::Z V.7  RCA 6X5-GT/6 ' ' Figure 8. Complete Wiring Diagram of the Type 1108-A Comparison Oscillosgd
= U, i erovor ’ :
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

RES1ZTORS
Bt = 10 K Ohms xlo% 44
B-2 = 10 K Che=s
R-3 ~= 500 Ohmz  40% IRC
B-% = 00 K Ohms 10% 1RE
B-5 = }00 K Ohar #4063 188
2. = 580 Ohms #40% 184
2.7 = g K Qhms £40% [§:14
2-8 = 2200 Ohes  210% 18¢
&g = 5 K Qhss
i = B K Ohms
R-5§ = 5 K Ohms
B 12 = i Megohm 2406% tRE
R-t3 = 560 Ohms #L0% JRC
B Q¥ = § Megorm  &10% 12¢
R=15 = 560 Ohms +10% {RC
R.§6 = I Megohm £06% IRE
B iF = 560 Ohms 2E0% IRC
B-i8. = 22 K Ohms 2(0% -{RE
B 19 = 4 Megohm £10% iRC
Ro306 = 560 Onhms £10% 18C .
R-24 = 22 K Ohms +l0% IRC
B2 = i Megohm £00% IRC
g-23 - i Megohm +t0% (§{4
Ra24 = 1 Megohm +ip% ‘I1RE
825 = 2 Megohms
B-26 = 2 Megohmsz
R-27 = 2.2 Megohms k0% IRE
R-28 = 2.2 Megohms £i0% 114
B.28 = 3.9 Megchms 2609 IR
E-30 = 2 Megohms
B-3% = 1,5 Megohms 0% 1BC
R:32 = 500 K Obms ,
R-33 = 560 Ohms +40% IRC
- = 560 Ohms +10% iRE
R-35 = 560 Ohms ti0% IRE
R-38 = ! Megohm +10% IRC
HMISCELL ANEOUS
F-t = 6.5 amp Slow Blow 3A6 GR FUF=1
F-2 = 0.5 anp Slow Blow 346 6R FUF-|
ol = 0.3 amp Slow Blow 346 6R FUF-{
‘Fu2 = (.3 omp Slow Blow 3AC B8R FYF-§
PL-1 7 COPPSOIA Lot = wgs-uzs-2
Ma2 = 7746 2 500 o
PL-3 = 774-6 -2 = 500 -
PLed = 7746 t-3= @ =h
PL-5 = 774G _
- T-1 = 365-458
PL-§ = 776 T.2 = §5-452
Ll = 7P T-3 = 345-452
S.b = BEOH.34
8-2 = SuRY-35
$-8 = 3. 333
TUBES
-/ RCA 6547
-2 RCA. 6J5-GT/6
V-3 RCA  BSN7-6T
V-4 RCA  6SN7-GT
V-5  RGCA 3DPI-4
v-6 RCA 2x2/873
V-7 RCA GX5-G1/6
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Figure 9. Complete Wiring Diagram of the Type 1109-A Comparison Oscilloscope.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

When the radial deflection voliage is applied and
is not large enough to overload the amplifier and when
the frequency of the applied voltage is an exact multiple
of the sweep frequency, the patitern appears as in Figure
12 for a ratio uf 6:1. Iﬁ the mtiem rotates slowiy ciac&v
than the circular sweep frsaquency, if eounter clockwme,
the radial defleciion frequency is slightly lower than the
circular sweep fregquency.

This is a “gingle line” pattern. Similar patterns

. are obtained for every multiple of the circular sweep

frequency, one more scallep appearing each time the

ratio iz increased by one. That is, a ratic of 10:1 gives
10 scallops; 11:1, eleven seallops, ete.

The circular sweep voltage available from the stan-
dard frequencies is much more than is required to pro-
duce a circle of the diameter of the screen. It is very
convenient to make use of this feature in cases where

very high multiples of the standard frequency are to be

used, Using a circular sweep of about one-half the screen
diameter, the patiern shows the scallops crowded very
close together. By increasing the circular sweep voltage
to obtain a circle of several soresn dameters and then
‘using the VERTIeal CENTERING control to bring the
top or bottom portion of the large cirele onto the screen,
the pattern will be opened out 5o that the scallops are
easily distinguished. In this masner, multiples of the
standard frequency to a bundred or more are ea'sﬂy used.
Th.ls method of operation is particularly useful in “filling
in” a series of closely spaced «alibration points, where
widely separated key points have already been spotted
by the use of the regular patierns.

If the radial deflection amplifier is overloaded,
the scallops become sharp-sided and flat-topped, ap-
pearirg somewhat as gear teeth. It is much easier to
count the number of teeth than the number of scallops,
particularly on multiple patterns. The advantages of
overloading are consider=d furither below.

If the radial deflection frequency is an odd mul-
tiple of one-half the circular sweep freqmency, a “two-
line” pattern is obtained as illustrated in Figure 12,
for a ratio of 5:2. A similar pattern with two more loops
in the chain is obtained for a ratio of 7:2, ete.

This leads to interpreting the patterns on the basis
of the “number of lines” (not overloaded) and the "mumber
of points”, or teeth {overicaded). The mmmber of lines is
obtainable by not overloading the amplifier; count cutward,
radially, the oumber of lines composing the pattern. The
number of lines indicates at once the number of intervals
into which the interval between one multiple of the stan-
dard irequency and the next has been divided. This is
summarized in Figure 13 for patierns up to “five-line”.
The use of five-line matterns, for example, is equivalent
to having a standerd frequercy at one-fifth the value of
the actual circular sweep freguency. In other words,
five-line patterns provide a standard frequency within
+10 cyeles of any audio frequency when using a 100-cycle
circular sweep frequency. Amother way of stating this

19

is to say that the system shown in Figure 13 indicates
known frequencies which can be inserted in each stan-
dard frequency interval bstween one muliiple of the stan-

dard circular sweep frequency and the aext. For a 100-

cycle circelar sweep this means that in gach 100-cycle
interval between two successive multiples, points at
20, 25, 33.3, 40, 50, 60, 65.7, 75, and 80 cycles can be
readily filled in, using nof more than “five-line” patierns.
For a 1-ke circular sweep, multiply ail these points by
10; for a 10-ke circular sweep, multiply ail these points
by 100.

In many applications, as in measuring frequencies,
the oscillator calibration is fairly well known and it is
desired simply to correct small errors. The advantage of
the circular sweep method in such cases is ihat the fre-
quency ratio does not have to be obtained by counting, (it
is given at once by the osciilator caiibration) and the
multiple-line patterns provide a very large pamber of
known calibrating frequenciss at closely spaced intervals
throughout the range of the oscillator. The oseillator
scale can therefore be made to read correcily at any
cne of these points and the interpolation error for small
ranges about these points is neglipible.

An important feature of these muitzple~hne patterns
iz that the sequence represenicd in Figure 12 repeats in
every interval between one muitipie of the standard circe-
lar sweep frequency and the next.  That is, exactly the
same sequence is obtained in going from 500 to 600
cycles, and from 600 to 700 cycles, etc., when using a
100-cycle circular sweep frequency. H the standard fre-
quency is multipiied by 10, the zame paiterns 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 amplifier is overloaded, the pattern will have
radial, or pearly radial lines, which divide the figure

intc the same mumber of parts as the munber of scallops.

The difference is made evident in Figure 12.

Maltiple B

of Standarg™ Slagle Line

It.%

Five Line
Four Line

Three Line

-1 Five Line

Two Eine

-1 Five Line

Three Line

Four Line
- Five Line

_Muitiple (M + 1)
of Standard

Single Line

Figure 13. Division of a Standard-Frequency Interval

by Multiple-Line Oscilloscops Patterns.
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If a low beat frequency is t¢ be matched, it is
somaetimes helpful to use the detector in an oscillating
condition. The cutput of the Type 1106 Frequency Trans-
fer Unit then consists of an audio-frequency tone, waxing
and waniag at a rate equal to ihe low beat frequency.
I the beat frequency is several cycles per second, or
more, the waxing and waning is rapid and is befter des-
cribed as a flutter. This flutier can be matched with
the inferpelation oscillator set at the flutter frequency
or at a multipls thereof. The pattern for a 1.1 mateh
is indicated in Figure 1la, in various phases of rotation.
If the matching frequency is a multipie of the flutier,

CARRIER FREQUENCY
/. TRACE

‘The circle can be centered by the use of

the pattern at the ends of the figure is the Lissrious mt-
tern for the multiple used. Figure 1lb shows the putiern,
when the interpolation oscillator is sef at twice the {luiter
frequency, in various phases of rofatioa.

With the SELECTOR switch set on the pther posi-
tions, circular sweep patterns are obtained. With the

_radial deflection voliage reduced to zersc, a circle should

be obtained. This can be changed in zize by the DA~
METER control and in shape by the SHAPING control.
the HORizental
and VERTical CENTERING controls.

il

| Jll!ll}ti

i i e
o |||

Figure 11. Modulated, or flutter, wave patterns. (a) The three patterns at the left show,
for different phases of rotation, a 1:1 match where the interpolation oscillator frequency
is the same as the flutter frequency. (b) The three patterns at the right show, for differ-
ent phases, a match where the oscillater frequency is twice the flutter frequency.. .

GIRGULAR SWEEP

SINE-WAVE
6/1
6 POINTS -1 LINE

OVERLOADED

SINE-WAVE

SIME- WAYE

5/2 : 2/3
3 POINTS-2 LINES 2 POINTS »3 LINES

-
7

OVERLOADED

OVERLOADED

Figure 12..

Circular sweep pattern with
radijzl defiection frequency equalto
sixtimescircular sweep frequency.
SINGLE-LINE pattern. Hote that
with sirgle-line patterns the inner
and outer circles are not complete
when the radlal amplifier is over-
loaded.

Circular sweep pattern with
radial deflecton frequency equal to

5/2times circular sweep frequency.

TWO-LINE pattern. Mote that with
multiple-line patterns either the
inner, or both inner and cuier cir-
cles are complete, over-Iapping
the teeth of the wheel, when the

-radial amplifier is overloaded.
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Cireular sweep pattern with
radizl deflection frequency equalto
2/3 times circular sweep frequency.
THREE-LINE patiarn. The effect
of nearly concentric circles is
characteristic when the radial de-
flection frequency is belowthe cir-
cular sweep {requency.
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determined. Alsonj = (ng - 1), so ng/(ng ~ 1) = £1/1s,
glving ny and making it unnecessary to return to iy to
complete the measurement.

Having found ng, obtain the finai value of fy by

checking the interpolation ogciliator against the stan-
dard at the nearest known frequency and resetting for
zerc error. Then {ake final setting of f3 against the

unknewn frequency. Multiply this value of f2 by 1, to
obtzain the value of f,.

TYPE 1106 FREQUENCY TRANSFER UNITS

SECTICN 1
DESCRIPTION

PURPOSE

The Type 1106 Frequency Transfer Units are
designed for use in frequency measurements, either
as calibrated instruments or in conjunction with har-
monic frequency standards.

The units are used to pick-up and identify the
frequency to be measured; to obtain the baat-frequency
difference between a harmonic of 2 frequency standard
and the frequency under measurement; to supply a sub-
stitute zignal for measurement where the original sig-
nal is subject to [ading, inlerference, or keying; to serve
as a source of frequency of a desired value; to provide
means for avoiding measurements involving very small
beat-frequency differences between standard and unknown
frequencies; andto provide means for accurately matching
two radio irequencies.

‘PRINCIPLES OF GPERATION

There are three frequency {ransfer units, differing
sprincipally in the frequency‘ ranges covered. These are

TYPE RANGE

1106-A 100 - 2600 Ke
1106-B 1-10 Mc
1106-C 13 - 100 Mc

- Bach Type 1106 Frequency Transfer Unit consists
of a heterodyne frequency meter and a regenerative
" detector with a two-stage audio-frequency amplifier.
Both the frequency meter and the detector are provided
with range switching and direct-reading frequency cali-
brated dials. The ranges of the frequency meter and
detector are the same, at corresponding positions of
the range switch. This feature is of considerable im-
poriznce for easy operation. The frequency controls of

- both instruments give increasing frequency with right-
handed rotation of the conirol knob.

While the detector has an actual fundamental range
for each range switch position, the frequency meters
have either two or three fundamental ranges (for the
first two or three ranges) with the balance covered by
selected harmonics., The fundamental ranges, the har-
monic ranges, the frequency coverage of every range
and the number of the harmonic used for coverage of a

harmonic 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 karmonic ranges. The harmonic ranges
are all calibraied on the frequency dial, and in the normal
use of the instrument, there is no noticeable difference
in operation on either fundamenta) or harmonic ranges.

The use of harmonic frequency ranges in the fre-
quency meter permits the use of fewer coils. The coils
that are needed can, therefore, be made of much greater
volume with 2 resulting bigher @, giving much improved
performance.

The outpui circuit of the heterodyne frequency
meter inclaudes a buffer amplifier, a rectifier for har-
monie generation, and a control for adjusting the level.
The output conmection is a conceniric plug at the rear.

The radiofrequency input circuit to the detector
is at a concentric plug at the rear. The input circuit
is designed to work from an impedance level of about
50 ohms. The audic-freguency output is obtained at a
conceniric plug at the rear, and is at approximately

500 -ohm impedance level. All of these connections are_

intended for use with the Type 1108 Coupling Unit.

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

SECTION 2
INSTALLATION

(1) Install vacuum fubes, if not shipped in place, in
accordance with the tube tags.

(2} Connect power supply by means of cord and plug

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

(3) For change from 105 - 125 volts to 210 - 250 volts,
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The following simple rule then emerges for deter-
mining the {requency ratios. The number of points di-

vided by the number of lines is the frequency ratio.
This rule holds 00 matter whethar the radial deflection
is above or below the circular sweep frequency.

When the radial deflection frequency is below the
standard circular sweep frequency, the pattern consists
of nearly concentric circles when no overloading occurs
and the frequency ratio is the ratig of small whole num-
bers. When overloading occurs, peints similar to those
previously desecribed are obtained. This type of pattern
is shown in Figure 12. :

APPLICATIONS

In making frequency measurements, the various
SELECT{R switch positions are used as follows:

1. DET. vs INTERP. For matching the beai-frequency
outpiri of the Type 1108 Frequency Transfer Units. Set
the interpelation oscillator so that the 1:1 Lissajous
figure stands still. Read the value of the beat frequency
from the interpolation oscillator scales.

great enough to produce a large pattern on the cathode
ray twbe, swing the pattern to one side of center by use
of the centering controi. _

Suggestion: For the measurement of very low
beat frequencies, the detector of the Type 1106 Fre-~
quency Transfer Units may be used in the oscillating

~ condition, Adjust the levels of the standard and unknown
frequencies {o about the same value. The ouiput of the

detector then consists of an avdio-frequency tone, waxing
and waning in intensity at a rate equal to the difference
of the standsrd and unknown frequencies. ¥ this differ-
e¢nce is several cycles per second, or more, the waxing
and waning is better described as a flutter. This flutter
can be matched with the interpolation oscillator set at
the ilutier ireguency or a multiple thereof.

2. INTERP. vs STD. CIRC. SW. This positicn permits
rapid checking of the calibration of the Type 1107 Interpo-
lation Oscillator.

Suggestion: In making frequency measurements,
make the approximate match in (1) above, then check the
oscillator calibration and set for zero error at the check
point nearest the approximate setting. Return to (i) and
take the final reading. This operation can be done so

- guickly that it is well worthwhile in obtaining the most

precise results.

3. DET. vs STD. CIRC. SW. This position is for the
purpose of accurately setting the frequency of a radio-
irequency source to values which are not multiples of
the standard harmonic frequency.

Suggestion: A particular application of this posi~
tion is in producing crystals for frequency monitors,
where the crystal frequency must be off-set from the
channel frequency by a specified amount such as 0.5

or 1.0 ke. Using a 1-ke standard circular sweep fre-
quency, the above differences give simple patisrns.

4, X vs STD. CIRC. SW. This position is for cali-
brating an external audio- or iow-radic-frequency os-
cillator, or for standardizing such an oscillator at any
one of the many known frequencies cbiainabis by the cir-
cular sweep patierns.

Suggestion: In ealibrating an oscillator, which has
no calibration at all, start with the highest circular sweep
frequency apprepriate to the osciliator range and iden-
tify principal points on the oscillator scale. Having es—
tablished such kaown key poinis, the calibration can be
continued using the same or a lowsr circular sweep fre-
quency. For example, an oscillator covering a range of
48 to 68ke would give simple key petterns against a 10-ke
circular sweep at 50, 55, 60, and 85 ke {(one- and two-
line patterns). Using a 1-ke swesp, points can be filled
in at every 0.5 and 1.0 kc using oaly one- or two-line
patterns.

Suggestion: Where a complete Type 1105 Frequency
Measuring Eguipment is being used, the oscillator to be
calibrated can be connected to the INPUT terminals of
the Type 1107 Inferpolation Oscillator. Turn the inter-
polation QUTPUT control to zervo. Throw the SELECTOR
switeh on the Type 1109 Comparizson Oscilloscope in
INTERP. vs 5TD. CIR{. BW. The INPUT conirol of
the interpolation oscillator then serves as 3 velume
coentrol for the osciliator being calibrated. This method
of operation does not permit a8 high a frequency range
to he covered as that obtained by direct connection at
the X jack on the T'ype 1102 Comparison Osciiloscope
{see 5, below).

5. X vs INTERP. CIRC. 8W. This position is pri-
marily for measuring a freguency, introduced at the
X jack, by means of the interpeiation oscillator using
the comparison oscillogcops a5 the comparison device.
It is effective over the range irom § k¢ to 100 ke or more.

Soggestion: Turn the inierpolation oscillator to
the DIRECT scale and set for 5000 cycles. Imtroduce
the frequency to be measured. Gradually reduce the
frequency of the interpolution oscillator until a one-line
pattern is obtained. The number of points on this pat-
tern gives the ratio of the unknown to the interpolation
oscillator frequency. Multiply the oscillator frequency
by the number of points to get the value of the unknown
frequency.

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. If it is
desired to avoid counting the number of points, proceed
as directed above and obtain the first one-line patiern.
Note the oscillator frequency reading, calling it f1. Then

contime to reduce the oscillator frequency uniil the next
one-line pattern is obtained. Note the oscillator fre-
quency reading, calling it f9. Then nglj = ngfg = £,. Bat

ng = (g + 1), so {ng + 1)/nq = {1/f5 and nq is easily
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or vice-versa, connect primary windings of transformer
as shown in wiring diagram and change fuses as indicated
in parts list.

(4 Input and output comections are made by concertric
plugs at the rear.

(5) Throwing the POWER switch to ON supplies power

to the whole instrument. The PLATE switch permits -

removing the plate voltage of the heterodyne frequency
meter, so that its signal may be removed, during a mea-
surement, without changing the dial setting.

SECTION 3
OPERATION

DETECTOR

. The effective operation of a regenerative detector
requires a certain amount of practice. The beginning of
oscillations vsually cceurs with the regeneration control
advanced about ope-quarter to one-half from the mini-
mumn position. For any given {requency setting, the most
sensiiive 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. ¥ the regeneraiion
control is advanced too far, a squeal may be heard in the
output, due to blocking of the detector.

Do not overload the deigcior tube with strong sig-
nals. The sensitivity is best af fairly low signal strength.
When receiving continuous wave signals, too strong.a
gignal applied may lock the detector into synchronization
over an appreciable range on the frequency dial.

If difficulty is encountered in picking up a signal
whose frequency is only approximately known, introduce
a standard-harmonie signal such as multiples of 10 ke
or 100 ke. Adjustment of the detector can then be made
to the most sensitive osecillating condition. Removing
the standard-harmonic signal then permits search over
a small range with “preadjusted” detector.

" The frequency calibration of the detector iz some-
what afiected by the setting of the regeneration control.
It is most accurate when regeneration is adjusted where
osciliations just start, that is, when adjustedfor normal
operation in the most sensitive condition.

HETERODYNE FREQUENCY METER

In measuring a irequency, or in identifying a har-
monic of a frequency standard, the output of the frequency
meter is combined with the unknown or standard fre-
quency and both are applied to the input of the detector.
Means are provided in the Type 1108 Coupling Panel for
carrying out all the necessary switching, as well as regu-
lation of the voltage levels of the standard frequency har-
monics and unknown frequency. ‘When the Type 1106 Fre-
quency Transfer Unit is used independently, means must
be provided externally for combining the voltages and
for regulation of the amplitude cof the frequency being
measured.

Having picked up and identified the frequency to

be measured in the osciliating detector, set the hetero-
dyne frequency meter to the same range and dial seiting.
Then search in the' vicinity of this dial setting until a
beat note is heard. Adjust the frequency meter output
so that beats of about equal iniensity are obtained in the
detector for the unkntwwn and heterodyne frequency meter
signals.

The heterodyne frequenéy meter can then be sst
accurately in agreement with the unlkmown frequency by
the “three oscillator method”., Detine the detector so

* that beat tones of a kilocycle or so are obtained with the
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irequencies of the unknown and the hetsrodyne frequency
meter. This beat tone will wax and wane in intensity at
a rate equal to the difference of the frequencies of the
unknown and the heterodyne frequency meter. By careful

-adjustment of the frequency meter, the rate of waxing and

waning can be reduced to a very small value, in which
case the frequency meter is closely matched to the un-
known frequency. The value of the unknown frequency is
then read from the frequency meter dial.

Since the waxing and waning eifect can be produced
by matching any pair of the three frequencies, it is well
to be certain that the correct pair has been mateched,
that is, the unknowr and frequency meter frequencies.
When the waxing and waning has been adjusted to a low
value, change the detector tuning slightly. The Eltf.'.h
only of the beat tone heard should change but not the rate
of waxing and waning. K either of the other two pairs of
frequencies have been matched, in error, the rate of
waxing and waning will change tremendously when the
detector tuning is aliered.

In using harmonics of the heterodyne frequency
meter, it is evident, from the accompanying range chart,
that when the detector is employed, the correlated
ranges automatically insure the use of the correct har-
monie. The same is true with an external calibrated
receiver, if the heterodyne frequency meter is set so
that the dial reading corresponds to the frequency of
the receiver. With an externsal receiver it is easy to
extend the pange of the heterodyne frequency meter to
include the use of the 108 harmonic (which is not on the
calibrated dials of the 1106-B and 1106-C frequency
meters). When the receiver is tuned to frequencies in
the range from 10 to 20 Mc, or 100 to 200 Me, the hetero-
dyne frequency meter of the corresponding unit is set by
using one of the fundamental frequency ranges (the first
three range switch positions) and adjusting the frequency

1000 Mc¢

100 Wc

10 Mc
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Successive fundamental frequency ranges are pre-
sented at successively higher levels giving a stair-type

| Range Chart

This chart presents, on a logarithmie frequency -

scale, the limits of each range of the heterodyne detec-

{igure. Harmonic ranges are presented horlzontally to

the right of the fundamental range which produces them
and are marked with the oumber of the harmonic. These

- 10 Me;

Frequency Transfer Units. The 1106-A {Low) Unit covers .
100 -2000 kc; the 1106-B (Medium) Unit covers 1

tors and heterodyne frequency meters of the Type 1106
the 1106-C (High) Unit covers 10 - 100 Me.

harmonic ranges, except where noted, are given calibra-

tions on the dials of the heterodyne frequency meters.
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TYPE 1105-A FREQUENCY MEASURING EQUIPMENT

TYPE 1107-A INTERPOLATION OSCILLATOR

SECTION 1
DESCRIPTION

PURPOSE

The Type 1107-A Interpolation Oscillator.is
designed particularly for use in conjunction with stan-
dard-frequency equipmentto measure the sudio-frequency
difference between the unknown frequency and a har-
monic of 10 k¢ from the standard. This difference
ranges from 0 to 5000 cycles, for all such measurements.

ADVANTAGES

The Type 1107-A Interpolation Oseillator is of
the beat-frequency type, with a direct-reading linear
scale; each division of the scale corresponds fo an in-
crement of one cycle. A special feature is the use of
“direct” and “reverse” scales, permitting frequency
measurements to be made by addition only. This feature
is described in detail below.

Provision is made for readily introducing a stan-
dard frequency for checking the calibration of the infer-
polation oscillator, utilizing the cutput voltmeter as a
beat indicating meter. In a similar manner, an audio
frequency, the value of which is to be determined, can

‘be iniroduced. Separate volume controls are provided

for adjustroent of the levels of the interpolation oscilla~
tor output and the input signal from either the frequency
standard or the source under measurement.

Separate incremental-frequency dials, covering a
range of plus or minus 10 cycles, are provided for both
“direct” and “reverse” scales. These are also used
as zero adjustments.

PRINCIPLES OF OPERATION

The audio frequency output (0 - 5000 cycles) is
derived from the difference in frequency of two radio
frequency oscillators operating at 42 or 47 kc and 42
to 47 ke. The fixed frequency of 42 or 47 ke is selected
by the “direct” and “reverse” switch positions respec-
tively. In the “direct” position, as the dial is moved
over the 0 - 5000 divisions scale, the output frequency
varies from 0 upward to 5000 cycles. In the “reverse”
position, as the dial is moved over the 0 - 5000 division
scale, the putput frequency varies from 5000 cyeles
downward te zero. The “reverse” scale is separate
from the “direct” scale and is marked to be read from
5000 to 10000 cycles. The scale in use is marked by an
illuminated index, the illumination changing from one
index to the other, when the “direct-reverse” switch is
operated.

The accompanying figures indicate the manner of
use for measuring frequencies in conjunction with a 10-ke
harmonic standard frequency.

In Figure A, the unknown frequency.is less than
5000 cycles above the 10-ke standard frequency harmonic
f{. Using the “direct” scale, the difference in frequency
fy ~ f1=1, is matched by using the interpolation oscilla-
tor. The value of L is then given by fy = + f,.

In Figure B, the unknown frequency is more than
5000 cycles above the 10-ke standard frequency harmonic
f;. Using the “direct” scale, the difference infrequency
Iy - fy = {3, is matched by using the interpolation oscilla-
tor. The value of £y is then given by fy =13 - §,. It will
be noted that the “direct” scale corresponds to the usual
interpolation oscillator having but one scale. It will also
be noted that, in effect, the scale divisions are laid off
to the left of fo, that is, in a negative direction, corres-
ponding to the subtraction of iy, from f5.

In Figure C, the use of the “reverse” scale is indi-
cated. On throwing the switch to the “reverse” position,
the fixed oscillator freguency is shifted by 5000 cycles.
The output frequency 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 frequency 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 divisions (at

. 5000 divisions of the original scale). For the same
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value of {9 - f; = f;, as in Figure B, the actual inter-
polation oscillator output frequency must, of ecourse,
be the same as before to obtain a match. Referred to
the initial 10-kc standard frequency harmonic, fj, we
can write for fx = f2 - fp, fx = f1 + (f2 - i1 - fp). The
difference f2 - {1 is of course equal to 10 ke, the base
standard frequency. The quantity in parenthesis is then
equal to 10 ke minus the beat frequency fy,. This quantity
is evidently the same as fy'. read in a positive sense
from {, the initial 10-ke standard frequency harmonic,
and fy = fy + ', where f},' is read from the scale pro-
vided for the "reverse” switch position.

In Figure D, the frequency and dial divisions of
the interpolation osciilator are shown, for use of the
“direct” and “reverse” scales, as required for covering
a complete interval from one 10-kc standard frequency
harmonic, {1, to the next higher, f9. Figure D, in effect,
combines Figures A and C.

- GENERAL RADIO COMPANY

meter for 1/10th of the receiver frequency. This use is
clearly indicated in the range chart, as associated with
the Type 620 and 720 Heterodyne Frequency Meters.

At times, when the output of the heterodyne fre-
quency meter is taken to external equipment, situations
arise where the harmonic of the frequency meter is not
identified by the method of use. In such cases con-
siderable confusion can result if the range settings cor-
responding to the harmonic ranges, shown in the range
chart, are used.

I the unknown frequency is above the fundamental
range of the frequency meter, first establish which har-
monic is being used, by utilizing the fundamertal scales
only. With the heterodyne frequency 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-~
quency meter until the next beat is obtained against the
unknown freguency. Note the frequency meter reading
for zero Jbeat. Then, if f; is the first reading and fg
the second, we have:

nfy =_(n+ l)fz =iy

and n =_..._f}.__
fy -1y

The harmonic number n should be an integer; if
the calculated result does not give an integral value, it
is evident what the nearest integral value is, and this
value should be used.
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If this integer corresponds to one of the harmonic
numbers appearing on the range chart,the range swiich
of the frequency meter can be set for the corresponding

range, giving a direct-reading scale. M the integer is

not one appearing on the range chart, it is a simple mat-
ter to choose another value of n, by taking successively
lower settings on the fundamental frequency meter
scales.

¥ the unknown frequency is below the fundamental
frequency range of the heterodyne frequency meter, any
beat which is obtained is due-io a harmonic of the un-
Imown frequency beating with the fundamental (or a
harmonic) frequency of the frequency meter. The har-
momnic can be identilied most easily by use of the detector.
Starting with the lowest irequency, gradually raise the
detector frequency until a beat is obtained. Note the
frequency reading for zero beat. Raise the detector fre-
quency until the next beat is obtained and note the fre-
quency reading for zero beat. Then if £, is the first

-and fg is the second frequency reading, we have:

nfy = fy
{n+ l)fx = fz
ig -1 = fx

The difference of the two frequency readings gives
an approximate value for fy, which, when substituted in
either of the first two equations permits identification
of n, since n must be an integer.
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) ' SECTION 2
: INSTALLATION

(1} Install vacuum tubes, if not shipped in place, in
accordance with the tube tags.

(2) " Connect the line plug to the power line. Be sure
that voltage and frequency correspond to values given
on nameplate beside power socket.

{3)  Tor change from 105 - 125 volts to 210 - 250 volts
or vice-versa, connect primary windings of transformer
as shown in wiring diagram and change fuses as indicated
in parts list.

(4  When the power switch is thrown to ON, a bright
disc of light should appear at the irdex of the seale, on
the lower seale for the DIRECT-REVERSE switch in the
DIRECT position, and on the upper scale for the switch
in the REVERSE position. The disc of light thus serves

as a “pilot” as well as indicating the scale in use.

(5)  Separate input and cutput terminals are supplied
both on the panel and at the rear. The output voltage of
the oscillator is available at the output terminals: the
output level is controiled by adjustment of the OYTPYUT
volume ¢ontrol. The INPUT terminals are provided for
introduetion of the audio frequency to be matched on the
oscillator. The level is controlled by adjustment of the
INPUT control.

(6)  The panel terminals for input and outpat are ar-
ranged for use with either Type 274 Plugs or 774 Con-
centric Connectors; the rear terminals are arranged for
use with Type 774 Concentric Connectors oniy, which
are supplied on the patch cords for comnecting Type 1105
Measuring Equipment. '

SECTION 3
OPERATION

CALIBRATION

The instrument is adjusted at the factory so that
the scale is direct-reading within +2 cycles.

STANDARDIZATION

As the instrument is normally used as an inter-
polation oscillater, in conjunctior with a frequency stan-
dard, provision has been made in the Type 1105 Fre-
quency Measuring Equipment for the rapid and conven-
ient checking of the oseillator calibration against 100-
or 1000-cycle standard frequency, using a cathode ray
osecilloseope. This method provides a tremendous num-
ber of known frequencies, so that the oscillator can be
checked at points within 10 cycles of any frequency in
the range from 0 to 5000 cycles. In use it is more con-
venient to bring the scale error.to zero, by adjustment
of the “Af” dial, as a “zero set”, than it is to determine
the value of the error.

ALTERNATIVE METHOD

When the interpolation oscillator is not being used
with a frequency standard, a few voits derived from the
a-c power line can be used as a standardizing source.

USE

Beat Indication: In matchipg an unknown frequency
with the interpolation oscillator, it is generally most
convenient to use telephones or loudspeaker while
watching the beats on the output meter. If the source
being measured provides ample signal, adjust the INPUT
volume control (with the OUTPUT eontrol at minimum)
until a deflection of roughly one-half scale is obtained

on the meter. Then advance the QUTPUT control to
obtain the maximum swing on the meter, when the os-
cillator frequency has been adjusted nearly to the fre-
guency being measured. Under these conditions, the
meter needle will swing from nearly zero to nearly full

"scale. Accurate matching is then obtained when the os-
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cillator frequency is adjusted to stop the motion of the
needle at mid-swing.

Weak Signals: K the source being measured provides
only a weak signal, advance the INPUT control to maxi-
mum. Advance the OUTPUT control only far encugh to
cause the meter needle {6 swing near to zevo on the
scale. 'This adjustment gives the greatest pessible
swing, which, however, may be over only the first few
divisions of the meter scale.

I the oscillator has been set to one-half or twice
the frequency being measured, although a small swing
of the meter needle may be observed, it is not possible
to obtain the proncunced swings, down to zero, as des-
¢ribed above.

Beat Matching with the CRO: In matching a very low
Irequency, it is difficult to tell by ear whether or not the
oscillator is equal to the frequency being measured.
Frequently, it is found that the oscillator has been set
to ene-half or twice the low frequency. With the pre-
cautions previously outlined it is usually possible o get
a match by use of the output voltmeter. It is much more
reliable and generally much quicker to use a cathode ray
oscilloscope, since the form of the pattern leaves no
doubt as to the frequency ratio. A further advantage is
that the oscillator can be set to a known multiple of the
frequency being measured and a more accurate result
is obtained.
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Smail Changes in Frequency: The “Af” dials are
provided with scales covering +10 cycles, in 0.5 cycle
divisions. In measuring small changes in frequency,
set the Af dial at zero and adjust the main freguency
control to the reference frequency. The small changes
in frequency are then matched by use of the Af dial, the
+ portion indicating an increase and the - portion a

decrease in frequency from the reference value.
Audio Source: To use the interpolation oscillator
as an audio-frequency source, use the DIRECT scale.

. Turn the INPUT conirol to minimum. The output veitage

is controlled by adjustment of the OUTPUT control. The
meter indicates the voltage applied to the load connectad
to the “output” terminals.

SECTION 4
MAINTENANCE

If it is found that, over a period of time, the set-
tings of the Af dials have drifted from zero when the
main scale is set to correct reading against a standard
frequency, realignment is readily made as follows: Set
the main dial to the correct reading for the frequency
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
Af dial.

If it is found that the number of divisions on the
main scale, to cover the range from 1 to 5 ke is greater
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{or less) than the correct number, it indicates that the
variable capacitance is too small (tco large) reiative to
the fized capacitance, in the variable oscillator circuit.
The initial capacitance of the circuit should therefore be
reduced (increased) slightly. This is done by removing
the snap cover, to the right of the main frequency control,
and adjusting the trimmer capacitance.

Having made a change in the setting of the trimmer,
reset the oscillator to 1 ke, readjusting the Af capacitor
as necessary; then check the scale reading obtained at
5 kc. Repeat the trimmer adjustment as necessary to
obtain correct aiighment.
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