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CHAPTER I
STANDARDS OF FREQUENCY

l.1 Introductory Discussion

In the universe, as we know it, there have
been observed many phenomena which have a recognized
periodieity or standard frequency. Several of these
have come into prominence through their continued use as
fundamental constants.

As is well known, our fundamental standard
of frequency is the period of the earth's rotation about
its axis. This period is, to a very high degree, con-
stant. Obviously, this period could not be exactly a
constant due to the action of the lunar and solar gravi-
tational forces, to name but a fewe.

The mean, or average, period of rotation can
be very accurately measured by astronomical methods and
is known as "one cycle per day". Almost all standards
of frequency are referred to this fundamental source
for calibration purposese.

l.2 Standards of Frequency - Classification

A frequency standard may be classified as
either a primary or secondary standard.

A primary standard of frequency is an in-
strument capable of genmerating a highly accurate, con-
stant frequency which is regularly checked against the

earth's rotation, Usually, this frequency is generated



by a quartz orjetal whieh is used to regulate the time
shown on a closk and which also activates harmonie and
sub-harmonie generators thus providing a series of high-
ly accurate known fregquencies, Experimentation is also
being done using atomic and molecular speotral lines

a8 standard frequency sources,

A secondary standard of frequency is the
frequency of a stable oscillator that is regularly
checked against the frequeney of a primary standard.

1,3 Methods of Frequeney Measurement

There are several well known methods of
frequency measurement waisch are currently in use, of
which an outline follows,

By the use of suitable circuits, harmonie
multiples of the standard frequency may be obtained as
was indicated above, Therefore, known frequencies may
be obtained in the region of practically any unknown
frequency, and the problem reduses to one of interpola-
tion.

(a) Direct ~ Beating methods

In these methods voltages of the unknown
frequensy amd of the known frequency are impressed
upon the input of a detestor amd the value of the re-
sulting difference beat-frequency is determined by
methods such as the following:



1, Matohing the beat frequeney with that
of an ad justable, calibrated interpola-
tion osoeillator,

20 Measuring the difference beat frequency
on a frequency bridge or on a sathode
ray tube by means of Lissajous patterns,

3o Measuring the differense beat-frequensy
on a pulse or frequeney counter or eoun-
tor circuit,

4, Measuring the difference beat-frequensy
on a direct reading frequenscy meter.

(b) Direct - Interpolation method
The frequensy of an interpolation oscillator
of suitable range is zero beat against the unknown fre-
quency and the ad jacent ha:;monics of the standard fre-
queney in turn, with the resulting information yielding
the value of the unknown frequensye.
(6) Harmonie - Interpolation method
This method consists of beating together the
unknown frequensy and a harmonie multiple of the inter-
polation osecillator's frequensy or, alternately, of
beating together the interpolation oseillator's fre-
quency and a harmonic sub-multiple of the unknown fre-
quency which leads to the value of the unknown frequeney,
(d) Subtraction method
| This me thod consists of ocombining the un-
known frequency with a suitable known frequensy and ob-
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taining a resultant which has one less digit than the
original. Then another frequency is combined with the
above resultant and a second resultant is obtained
whioch differs from the original by two digits. This
process is repeated until the resulting frequency
difference is negligible.

(e) Direct measurement method

This method consists of directly beating
the unknown against a calibrated varieble frequency
oscillator until a null point is obtained. When this
is obtained the frequency of the oscillator is the
samé a8 that of the unknown and thus the unknown fre-
quency is measured.

There are other methods, examples of which
are lecher wire measurements, direct reeding frequeney
meters, ete.

Thié thesis is conoerned with the eon-
struction of a standard frequenscy generator whish may
be used as a frequenocy source for frequency measure-

ment purposes,



CHAPTER II
THE OSCILLATOR

2.1 General Discussion

In any device for the precision measurement
of frequenoy the most critical feature is, of course,
the frequency controlling device. In frequency stand-
ards this section is the oscillator and any oscillator
controlled harmonie or sub-harmonie generators. In-
vestigations carried out by numerous researchers over
the last score or more years have indicated that, of
the several types of known oscillators, the piezo-
electric corystal oscillator is the beste.

The orystal oscillator has been found to be
the most successful master oscillator. Frequencies
harmonically related to a submultiple of the base fre-
quency are best generated by crystal controlled os-
cillators.

2.2 Crystal Oscillators

Oscillators employing crystals may be clas-
seified in a number of ways. One classification is
based upon whether or not the circuit without the
orystal is in itself an oscillator.

If the circuit, when the erystal is not
actively included in it, is not inherently capable

of sustained oscillation; then it is termed a "erystal®



oscillator,

If the circuit is capable of sustained os-
cillations when the crystal is not actively included
in the circuit, although not necessarily at the crystal's
resonant frequency, then it is termed a "crystal con-
trolled™ oscillator,.

2.5 Negative Resistance

Oscillators are in general classified as
negative resistance type oscillators. This negative
resistance is in general due to several circuit
features: Positive feed-back whiech is introduced to
balance the circuit losses, and the vacuum tube which
over a part of its operational range is inherently a
negative resistance element.,

The negative resistance is a necessity since
the alternating-current resonant-frequency ohmie los-
ses must be zero. If these losses were not identi-
cally zero, the amplitude of the oscillation would
exponentially decrease until its value be less than a
usable minimum,

2.4 Conditions for Oscillation

The analysis of the osceillator is based upon
the fact that the circuit may be considered to consist
of a anti-resonant RILC combination in parallel with the

negative resistance element, This is Jjustified because
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the orystal itself performs as if it were a high-Q LC
anti-resonant circuit. Numerous investigators have
empirically developed its equivalent circuit, and the
operation of orystal oscillators may be determined by
using the established empirical relationships. The
analysis is performed exactly the same as that for an
LC oscillator circuit.

&+ ls A
ﬂ e

Y
1\
L
0

Fige 2.1 Equivalent Cirecuit.
By using the Kirchhof laws we may write

ARV E Y T

/0 ’ 7 + /
l-ﬂé§-+-/?z; +-Ja/2;4{2 = O
£t c

where © , algebraically positive, is the negative
resistance element, |

By methods of differential equations we may
eliminate one of the unknown currents and obtain a

single equation in one unknown

olC d'gf #PRC #L) L+ for )G =0
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or after dividing by o IC

a{f’ /:_? ,06'}4(:, /A—ci +,01—%'/Z;=

This resultant expression in one unknown is

e standard form whosi solution is known, which is
Z = ,457’ (£ 52t sin wt
where
R »0
W = A:o AC‘ //,OC L /

Thus it is seen that if sw is a real quantity

then the determination of the type of oseillation, i.e.,
oconstant, increasing or decreasing with time, is ex-
plicitly dependent upon the magnitude of lfﬂ.

Reich(l) has summarized the results of these

expressions as follows:

A. Sinusoidal oscillation may occur if w

is real, 1i.e. it

L :
Pl 2 Re = 2vic

l. The gmplitude of oscillation decreases

with time if

R, 1 So
L+,oc>

(1) Reich, He J., Theory and Applications of
Electron Tubes, MoGraw-Hill, 1944, 2nd Edition, p. 376
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2. The amplitude is constant if

/79/ = _4L_
RC
3¢ The amplitude increases with time if

L
/’0/<F5

B The current is exponential in form if

is imaginary, i.e., if

L
RC - 2NLC

l. Sustained oscillation occurs if

Pl < 7

8. The current wave is continuous, but

/Pl <

non-sinusoidal it lpl > R.
be Triggering occurs and the wave has
discontinuities, i.6., relaxation
oscillation takes place, if [p|< R.
2. The current is an exponential pulse if
//O/>§%'— and //0/2 R.
2.5 Stability
In any source of constant frequency output the
stability of the oscillator section is of major impor-
tance. If the instantaneous or operating frequensey should
be grossly affected by incremental variations in the

operating conditions, the utility of the instrument
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would be drastically reducede.

The frequency stability of the oscillator has
been found to be dependent upon several factors:

(a) lechanical arrangement of the parts,

(b) Circuit parameters,A

(¢) Tube parameters,

(d) Operating conditions, i.e., temperature,

vibration, etce.

2.6 Stabilization

By careful consideration of the mechanical
arrangement, i.e., using electrically and thermionical-
ly stable parts, rigid construction, thermostatically
controlled crystal housing, and by using voltage and
current regulation, most of the difficulties in items
(a) and (d) above can be effectively eliminated. The
lines of research to reduce the effescts of the tube
and circuit parameter variations upon frequency sta-
bility have proceeded in several directions, an out-
line of which follows:

(2) Proper choice of electrical parameters

of the oscillatory circuit, i.e.,

(1) Resistance stabilization

(2) Capacitance or inductance stabili-
zation

(b) Use of selective filters as the osecil-

latory circuit
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(¢) Elimination of harmonic content by

means of tuned filters

One of the simplest ways of improving the
frequency stability of an osceillator is by resistive
stabilization, which consists of the addition of a
high resistance between the plate and the oscillatory
eircuite The purpose of this is to make the total ef-
fective resistance in the plate ceircuit so high that
variations in the dynamic plate resistance will have
little effect upon the oscillatory circuite.

Llewellyn(z) has developed a more general
type of stabilization. By deriving the analytical
expression of the requirements of oscillation for a
general type circuit he found that by using eapaci-
tance or inductance in series with the grid or plgte
of the oscillator, or both, complete independence of
oscillation frequency from veriation in tube para-
meters resulted.

A number of investigafors have shown that
frequency variation and harmonic control are inter-
dependent., The factors that ensure low harmonic
content, such as a linear operating characteristic

and small amplitude, therefore also tend to improve

(2) Llewellyn, Fe B., Constant Frequency Oscil-
lators, Proce I+R.E., Vol. 19, p. 2063, Dec., 1931
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frequency stability. Stability can also be improved
by the use of series filter sections tuned to the har-

monic frequencies, shunted across the tube circuite.

2.7 Non-Crystal Negative-Resistance Oscillators

Chakravarti(z) has analyzed and classified
negative resistance oscillators into three classes as
follows:

A. DYNATRON TYPE, in which the internal
resistance of a triode or sereen-grid
tube under secondary emission condition
has been used to obtain negative
resistance,

B, TRANSITRON TYPE, in which a five element
or double-grid tube employing negative
transconductance has been used.

Ce FEED-BACK or REGENZRATIVE TYPE, in which
the input and the output terminals of a
one-way amplifier are connected in series
or pareallel.

2.8 The Dynatron Oscillator

In a screen-grid tube if the electrode is
operated at a higher voltage than the plate, and there

is sufficient secondary emission from the plate, there

(3) Chakravarti, S. P., On the Nature of
Negative Resistance and Negative Resistance Sections,
Phil. Hage, Vol. 50, Pe 294
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is a range of plate voltages over which the net re-
sultant plate current will decrease with inoreasing
plate current,

The negative resistance results from the fact
that while the number of primary electrons that the
plate receives is independent of the plate voltage, the
number of secondary electrons produced at the plate in-
creases with inoreasing plate voltage.

It 18 seen that the magnitude of the negative
resistance can be controlled by varying the control-
grid potential., PFig. 3.2 shows the schematic circuit

diagram of the dynatron oseillator.

Fige 2.2 Dynatron-oscillator Circuit
This type of oscillator has one general
type of disadvantage. This is its dependence upon
secondary emission. Secondary emission changes with
use of the tube and large differences have been ob-
served in the shapes of the characteristics of indi-
vidual tubes of the same type. Since for stable opera-

tion the influence of tube parameter variations should
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be as small as possible this type of oscillator is ef-
festively eliminated.

2.9 The Transitron Oscillator

The transitron oseillator is also known as
the retarding field or negative-transconductance os-
oillator(4),

The pentode is connected as indicated in
Fige 23 and the potentials so adjusted that there
is a virtual cathode between the screen amd the sup-
pressor, Under these conditions a frastion of the
space current drawn from the cathode is returned back
toward the cathode, to be ultimately collected by the

soreen.

Re % I—UL:—'U jc

L__;q}1~_——4»f = 4

Fige 2.3 Transitron Oscillator.

(4) Reioch, H. J., Theory and Application of
Electron Tubes, MoGraw Hill: 1944, 2nd Edizion, P. 381
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In the transitron oscillator, and in the
circuits derived from it, both the suppressor and
screen voltages are permitted to have ae.c. components,

Another distinguishing feature of this type
circuit is that neither the anode nor the first grid
plays a part in the a.c. cirouits. These elestrodes
are meintained at pure direct current potentials al-
though in many practical instances the synchronizing
voltege is applied through the first or control grid.

Instead of using the first grid voltage to
control the anode current, as in & triode, we have
here the novel device of using the suppressor voltage
to control the screen current. Thus in a trensitron-
connected pentode-amplifier the load is connected in
the soreen circuit, and the input voltage is con-
nected in the suppressor circuite.

The variations of the anode voltage of the
pentode have very little effect on the total apace
current. This is because the screen grid effectively
screens the cathode region from the influence of the
anode-voltage.

With the suppressor connected to the cathode
in the orthodox way, the proportion of the space cur-
rent going to the anode increases with anode-voltage
until finally nearly the whole space current becomes

anode-current., If now the suppressor voltage is made
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increasingly negative, the repulsion of electrons by
this electrode increases, and the proportion of the
space current which reaches the anode is reduced. The
proportion going to the sereen is thus lnereased and
it follows that making the suppressor voltage negative
increases the screen current,

Contrast this with the behavior of a triode,
where making the control-grid voltage negative de-
creases the controlled current. Herein lies the key
to the properties of the transitron, positive feed-
back may be applied simply by R-C coupling the output to
the inpute.

If, in Fig. 2.4, C, and R, are large enough so
that a change in voltage of the soreen grid Gp is ac-
companied by a practically equal change in voltage of
the suppressor grid Gz, the action is mathematically as

follows:

. /
Alep = A€z 4 A€c3 G3z = AEc, (‘; ’*G-?Z)
'92 72

where lﬁica is the cnange in the ocurrent of the
sereen grid Go,

A€cp 1is the change in the voltage of the

screen grid Gs,

12 is the screen grid resistance,
A€E.3 1s the change in the voltage of the sup-

pressor grid Gz, and
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G32 1is the mutual conductance between G, and
Gz
Since Gzo 18 negative, it follows that, if the
megnitude of Gz, exceeds the megnitude of 1//g, , an
inerease of screen voltage is accompanied by a decrease

of soreen currente.

Fige 2.4 The negative resistance
treansitron eircuit,

Thus it follows that the transitron type
oscillator is more stable with time and will have a
lower negative resistance. Because the eqnirol grid,
Gy, 18 at a direct current potential the synchroniz-

ing voltage may be applied tarough this electrode.
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CHAPTER III
THE MULTIVIBRATOR
3,1 Qualitative Discussion

The zero bias multivibrator is well known
aend much has been written about its operation. How-
ever, the extremely useful characteristics of multi-
vibrators operating with positive grid return are not
as well known. The operation of a multivibrator using
8 positive grid return will be desoribed and compared
to that of a conventional multivibrator,

The multivibrator shown in Figure 3.1 con-
sists of a two stage resistance-capacitance coupled
amplifier with the output returmed to the input so
that the circuit is regenerative and satisfies the
Barkhausen oriterion for sustained oscillationse

The method of oscillation of both types of
multivibrators is essentially the same, This method
of oscillation follows. If the plate current of
tube Ty, is momentarily inecreased while that of tube
T, remains constant or decreases, it would start the
following chain of reactions:

(a) The plate voltage of T, would decrease;

(b) the grid of Ty would become more negative;
(6) the plate current of T, would decrease, al-
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loviing its plite volir.;e incre:se;

3

(d) +tae -rid of T, woald increcse, =Cdinz to tie
original chon.ce thet st=rted the renciion. Tecruse the
Sarknsusen relcotionship for oscillators is catisfied,
the resction will progress &t a repid rzate until tube
Ty is catoff, placing its plate volta.;e 2t subtsten-
tially that of tie supply, waile To hus its grid posi-
tive with respect to its cathode and consideratle drop
across its plate load.

The voltage on the grid of Tl now rises as
the coupling capacitor char.es, approaching the volt-
age of the supply erid E, asynptotically. \ien the
grid of Ty nears tihe cutoff voltage, Ty starts to con-
duct, so tart its plonte becomes increusingly ne-ntive,
This reduces the voltcere on vie sSrid of Teo, causing
its plate to bezome increasingly positive @#nd taus
accelerating tue zlrexdy risins voltage on the <rid of
T1e Vhnen Ty ULecomes sufficiently conducting to mrke
the comtined ~2in of Ty and Ty greater ihen anity, ihe
clrecuit "flips over"; i.e., tue tvio itubes chrn..e nloces,
tie ..rid of Ty becoming positive with respect to its

, is driven telow the cut-

N}

caethode wnile the -rid of 7

T

<.

cff voltzses The operation is tlen repected, the -rid
exponentivlly until Tg becomes conducting,

wineun a2 second flin-over o:zcurs, etc,
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In b ruore =ntlyels Lie elifcets of Lie
crid cuwsrent on vie maliivibrrtor's overmtion n ve lLeen
neslected. Taese elfecuis to = larze extent defy extct
anulyiicl cnd juauntitative exsrecssione &4 guelit: tive
discussion followsjﬁ) ot vae vevers:l soinis, tiue .rid
becomes positive with respect to tlhie c.inode tnus
monenturily limitin: tae glite volto e to = vilue lesc
tnsn the plute sirply voli<.e. s The couplin:
¢rgzcltor cuer.es, tae ~rid voluo,ce of tue conducting
tuve dzerswses wllovins: its .lz2te voli:.-e to increcse;
tiis ciinnze in ol te voli~ e 1s cerried over to the
srid of ihe nonconductings tuve, modifyin: the rrte of
rise of its .rid voltoce. Thus it is imoortont ibat
trne :rid-circz2it time consiont ve lir.ce connored to
tae plrte-circuit time constunt so tunt the rid cur-
rent vwill Zecre=se 10 2 low value ot tune reverstl

<

points ond tucrefore notv «ffect tne stztility of The

Py

multivitrator. inother fuctor offectins muliivivra-

-

tor steoility is tue input caozcitonce of ihe tubes

(5) rIidietert, .i.rtin V., Jr., -nd indrew I,
ultivivrstor Circaits, Tedem., VOle 83, T0. 3,

’
'Y .‘i.u-((; °
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which capacitance reduces the signal applied to the
grids.

The period of the multivibrator is depen-
dent upon the amplitude of the oseillations, the
resistance capacitance eombination in both the grid
and platsoircuits, the synchronizing eoupling circuit
end voltage, and the voltage to whioch the grids are
returned,

In the positive grid bies multivibrator the
period is increased by:

(a) Increasing the amplitude of oscillations
(by inoreasing the plate load resistance or deoreas-
ing the cathode resistance);

(b) increasing either the resistance or capaci-
tance in the timing cireuit, thus deoreasing the charg-
ing rate of the capacitor; and

(s) decreasing the grid-return voltage, thus
decreasing the rate at which the capasitor charges.

In the zero grid bias multivibrator all
save the last statement above hold, Statement "o®
does not since the grid bias voltage is an invarient.

It is immediately obvious that of the two
aforementioned circuits the positive grid bias one is
more inherently stable due to the inereased slope of
the grid voltage within the operating range. Thus,
any inoremental change oceuring in any of the several



component values or operating conditions will not
cause so great a change in the repetition frequency of
the positive grid bias multivibrator as in the zero
grid bias cecircuit.

This in itself seems sufficient Jjustifica-
tion for its inclusion as a crystal controlled genera-
tor of standard frequenciese.

3.2 Analytical Discussion

The frequency of a multivibrator can be ap-
proximated in terms of the constants of Figures 3.1
and 3.2, When a grid is rising exponentially from its
meximum negative value (taken at time t=0), its in-

stantaneous voltage can be expressed as

-¢/RqC
eag[fc -{EC—Egl)e /s e]

where Co =C+C;, 1is the effective capacitance in
the discharge circuit. The circuit will reverse when
e; reaches the cutoff value £Eg,=~ /EZ //// : the
value of t for this cutoff condition is the half-
period of the multivibrator, and thus determines the

frequency. The voltage Eg, is found as follows:

éi% = £, AEZ é;% )‘;,17
where £ = /?x £,
93 Re * R, * Ry
A s

and Eb-EP_a =RP*,?L+RK |
The frequency of the multivibrator can now be written
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1
f- y)

/ -
2RyCetn St
where Ee and Eq
iy L

In deriving the frequency equation, the
following simplifying epproximations have been made.
It is assumed that, before a change ever occurs, an
equilibrium condition is reached in which the grid
of the conducting tube is at the same voltage as its
cathode; the plate current is thus determined by the
intersection of the lead line for the combined slate
and cathode leads with the zero-bias plate current.
The effective amplication factor is determined by the
Lrid foltage at the effective cutoff point--the point
where the over-all gain is Jjust unity. Actually, a
very good approximation is obtained if the values for
H and Ap given in the tube manuals are used. It is
also assumed that all the grid voltage drop is across
the resistance A9 in the grid circuit.

363 Multivibrator waveforms

The wave forms of the multivibrator are
greatly affected by grid conduction, since this puts
a heavy load on the plate circuit of the tube which
drives the grid. When the grid is positive, there

is a reasonebly linear relationship between the grid
voltage and the grid current, the ratio for most
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small receiver tubes ranging from a maximum of 2000
ohms to a minimum of 500 ohms. In an equivalent cir-
cuit diagram, therefore, the grid ean be represented
by & resister and a switech in series, the switch being
open when the grid is negative and oclosed when the griad
is positive. Because of its small size the equivalent
grid-wire resistance need not be known exactly as long
as it is of the correct order of magnitude. Many
authors have neglected it completely in their mathe-
matical analysis of the multivibrator circuit,

In case the time constant of the circuit in-
volving the non-conducting slate is comparable to that
involving the non-condusting grid, the wave forms may
differ greatly from the ideal square wave output.

This is because the non-conducting plate will not have
time to relax to Ep, and tne conducting grid will not
have time to relax to zero. An exact calculation of
the wave form in this case is impossible. The reasons
for this are that the eutoff voltage on the non-
conducting tube is constantly changing, due to the
changing plate voltage, and the grid voltage of the
non-conducting tube does not follow an exponential
curve.

Je4 Synchronization

When a voltage is injJjected into the multi-

vibrator this voltage tends to cause the multivibrator
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to lock itself to a frequency which bears integral
relationship to that of the injected wltage. This
ratio is entirely dependent upon the injected voltage's
magnitude. Exact details of the control depend upon
the way in which the synchronizing voltage is inJjected
and the degree of symmetry between the circuit constants
of the two multivibrator tubes.

Increasing the amplitude of the synchroniz-
ing frequency causes the multivibrator frequency to be
"drawn" in discontinuous steps toward the synchroniz-
ing frequency, with the ratio being expressible always
as an integer of progressively smaller magnitude. See
Figure 3.3. This action is caused by the fact that in-
oreasing the amplitude of the injected voltage enables
it to neutralize larger condenser charges, and hence to
cause a reversal of grid potential before the full
charge has had time to leak away.

When the multivibrator is to be controlled,
as it is in the present case, the uncontrolled fre-
quency of the oscillator should be slightly less thén
the value when controlled, and in order to obtain the
maximum stability of the control the injected frequency
must have the proper amplitude, and the circuit should
favor 10:1 division. |



Fige 3¢l The positive-grid multivibrator



Voltage on plate of Tl

Fige 3.2 Multivibrator wave shapes
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Fig. Se3d
Experimental results showing the effect of in-
creasing the amplitude of the synohronizing voltage, and

how certain methods of injecting the voltage tend to

favor either even or odd frequency ratios. These re-

sults were obtained for a zero bias multivibratore.
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CHL>T2Xx IV
CINCUIT DLCSIGT

Considerable work wcs done in o two month
period on tne maltivibrutor descrived in tie :revious
chepter. Several circaits were set up 2nd cuczlitative
compsrison tests were made between tne zero biss ond
positive Dbias maltivibritors with perticular atieantion
beinz pz2id v0 tiaeir relative stovilities 1.4 syn-
caronizin-: copabilities,

It w5 foxxl 1ot t.e stability of t.e posi-
tive Yi=s maltivivretor vics totolly widesiritble at hne
recaired oatput level, @« level wiiiell should provide a
usaoble 10-ke 10J0%th hwimonie. The "breadto-rd" setup
used 1o test tne cireait, :1ltioasihh it consisted of the
coimponenis crr-nged upon 4 metal ciacssis, wrs exirewmely
susce)title to variations in nend capccivince. Tine
action of t.ae cireciit =t lhese times beinx completely
unpredicvable, i.es, tiie funirmentsl freouency of ihe
circalt suffered extrene v=ri-tions from ihe norm, =l-
thoush a synchronizing volta.e wos azplied + 1 the time
and =4justed to an optimum vzlue,

The output ol tie maltivibrator wes coupled
t0 ©n oscilloscope in an ctieuwnt to determine the vave

siu~pe end ucraonic content of tne output of tue multi-
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vibretor. Vorioas netiods of counlin- were devised
wnicin consisted essentially of condenser isolation but
neveriheleses the oscilloscope =t 21l times loaded tue
cireuit =znd nt times tihe :nultivivr=tor wos coapletely
tarown out of oczeillniion. ‘liien the circuit did os-
cill=te it vi"s overloaded so much wiien coupled to the
oscilloscope thut tvae voltc;-e output curve wvas cuor-
ncterized by its extreme flatness of slope. This type
of outout is completely aseless 2s it has neiligible
hizn normonic content.

A surplus B 221 Frequency lleter wcs used
throu:hout in atteirpting to determine tie ovnerating fre-
guaency by the .crmonic location method. Due to the
obvious limit=ztions of the instrument, i.e., its sev-
eral coincident #£nd simultaneous operating ron-es, con-
pletely coniurediciory and misleadin: results were ob-
tcined and it never was determined et vhat frequency
the fundamental oscill=tion occured.

Ascociuted circuits could nave been devised
tazt would provide the required output cond sinbility
using pentode type nultivibr-tors, clinpers, etic.,
but since this would yield results wiich could be ob-
teined only with more intricate, elvborwte circuitis
and a2lso could not te incorpornted into the cnsssis

aveilable. Therefore tue nmultivivrztor vies discorded
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in toto in favor of =« tr-onsiiron trne, sub-i~rroniec,
synenronized rener=ior witienh would yiéld ti:e some re-
sults with less troalle.

Tne trounsiiron oscill tor, beczuse the oscil-
lation occurs between the second =«nd vuird :rids, con

e oplied to thae first or

h-ve its syncluronizing volts
control orid without zddivionsl lo=ding or its cccompnmny-
in- unple~sant results. sSecondly, since the cireait
containin: the nex~tive resistance hazs «cross it the
inductive-capicitative combintion aud not the IC
combin.vion the syncin.onizing voltore uoy usve a con-
staut amplitace 2t all operatin: frecuencies =nd is not
dependent upon the slope ol tne ,rid volin:re curve.
Tuis was considered wn aduditioncl wdvinve.ce over the
maltivibrztor. Lostly, tie LT oscillator circuit s
in itself an inherent stobility :nt selectivity
responde wiilen vae T type cireuit loeks. Thnis vics
consgidered cn 2id in =zllevi:tinz thie effects of field
varistions viiieh so noticibly sltered the exiected re-
sponse 0 tne multivivrztor,.

sTfter tne trunsitron cirzuit ws set up the
resulvs improved considerubly. Tie output .+ s recorded
to frejuencies =s nirh as 10 me ~cycles wita ine 120
212d 50 ke as=raonic circuits in ope:zition on -« sujer-

neverodyne receiver.



The cireult econirol by the synenronizing

volt

:v

ze 1s not too criticel «nd iv s cdevernined tnct
tae optimam synechvonizinz voltare for e 20ke ' nd
10%c oscill=tors viere v=liaes waleh aid nos differ hy
two rest on cpount ad so w compronise trs esueulisned
vact enstled the ironsitron to oscillote ot <11 three
sub-n=rmonicse.

The suab-n~xionic ~enerctor was testzd wind
found to %be coonble of oscill-tion ¢0 tie Dundrucntel

of 10Cke =nd the sub-hrrmonic fundmuentls of &0ke,

(¢
)

20ke, "nd 1%ke., Dae to tae Toct tiiov v.ae Hne, fized
tuued, 7.V receiver ' d not been comenleted =t the tine
consideruvle difficuldty viws exuerienced in the ITin~1 <d-
Jastuent of tne oceillavors asing tils receiver but

done on tiae sSaneriaeterodyne.

3

wnin ;s vae freouency neter coased o multltade

3
of null goints to ozeur .l zince tiie lovest Trecaency
coic.tle of teinz rend on tuis meter is 128%ec <dditionzl
error was t.aus introduced. leo it seemed very .nlikely
thrt tais insirament should nsve an exr.ctly linesr cali-
bratvion cwve,

Toise s very prévulent ond incrersed in «uioli-
tude ns tue Treguency increwsed anvil it comnletiely sup-
rressed the outnut signcl,.

It wos suraised vt thls ozcured tecouse of

text notes between tne 1lCke harionics =nd tire syncaroniz-
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inry simul, “hnese vould oczcar il ine 1C0ke oceillator
were not :=djusted exuctly to 1Ckec.

A verinble Trecuency .cencrstor s ovtnined
wiiich vas capable of zsivine cn output up to 1lOme. Lt
tuis time ithe TV receiver wes nveilsble and therefore
the 50th harmonie of tiie 100ke oscillator was zero
beat 232inst the Sme fundanmental standard of frequency
with tae aid of tne variable freguency generator. Error
was likely to azve been introduced et tuis step since
this receiver had not hzd incorporated within it any
means of eliminating thae audio modulction present on
tne carrier signzl. A4Also it did not heve eany reter with
vaich zero beat with the dme carrier could ve exsctly
determined,

Stz2bility tests were run on the 100ke oscil-
letor by comparing its 50th hermonic with tne &me
sten ard with tue results tobalated. (Lee Fige 4.1).

It is seen Trom tie schen- tic eircuit dia-ren
t.o v tue fregaency deteruinings elemernts nre coniiected

1

taroush = rotery switea t9o the second ;rid of

40

Lile vocuum
tabe VI nd thrct tlhese control tiie Tandhientcl frejuency
of 1are transitron cireuit. Thus vie tronsizron oceilla-
tor is only overstive wnen otier thrn the 1l0Cke hirmonie

points ~re desirel. Jecouse of t.i

[
w

tne stolbility of
tiie sroncitron oseillator shoald te identie l with vt

07 e 1.0ke oweillutor.
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Zifective, Or Rellele, Vvelt e Lioisarecents
vere mide usin: o vicaun vuve voltneter wviich hd vuri-
ous vslues 0f cuovcitance inserted in its innut le-d in
enn cttept to deterisine we enersy cornvent of vrrious
portions of iie [ ruonic ouatout spectram. (See rinh,
Tise 4.2)

~Tom vals 4ute i1v wes coucluded tuot tne
ener.;y w.os Toirly well distrilbiated inroughout the
soectrun vitn ¢ fairly constunt rote of decre.use,
with incre.sins; frejqaencies, of ener;y content in the
low ¢nd nedium rinse of humraoniess Tue wiruut decretse
in tue 1 portion of tie soectrum was wiiritated to
tie effects of strey cooneitunce -nd of field voric -
tions for ihese frecucrncies.

Jocawnm tute Tl, o o¥e, ig tne oceillitor tube,
Tne circuit incorpor:tin: tiiis tuave is esse:rticlly &
taned--rid-tined-pli. te oscillztor circaite Toe crid
circuit Lus s its fre_usney deterninin.: elenent a
crystal roand to oscillete ot cuproxinuvely 100ke

2 ozclilletor is viwen Zrom tie induc-

Tne oatoat of .
tive canucivotive comtiir tion acrous tvae <x10ode rnd
sroande  Tae covnceivor is veriotle and urovides the
fine odjastaent (of rbout ¥ 40 cyeles) nezeswory to
set the oscill=tor ut exnctly 100 Xc.

Veo.cuun tate VI, = ©Zll7, 1is the bulfer =m»nli-

fier tabe. The circuit ineorpor:-tin- tidis is tlae



ctendoerd form of ¢ resistince cupncitunce coupled
cmplifiers It serves to stubilize tae output of the
oscille tor cirecuit ~-cinci verietions in lowding cnd
cireuit parameter vorictionse.

Vacaun tube VS, a €LJ7, 1s itne traunsitron
oscillator tube. Tihe cirecuit incorvorzsting tuls tuve
is the transitron oscillutor section. Tuis oscillotor
is ¢2ble of oseillcting ¢t eccn of wie inresz regpuiired
sat-ncmoonices of 10Ckees Switch "1™ determines viich
contir~tion of induectince and capacitonce will be pre-

<.

sent in the ceircuit =und tnus deteriiines the freguaency

of oscillation. It is seen tanzt & synchronizing volias
wiich synchronizes the oscillotions of tiais tuabe to the
proper ncrmonic relatiousnip wita the 100ke oscillcotor
will be preseant on tie ceonvrol grid of V3.

Veeaun taibe V4, 2 ©.07, is an amplifier tulte.
It serves Lo amplify its input to tue revuired oatput
level necesczary to drive tube VO, The resisvive-
capacitative inpat networik serves zs o voltinrse divider
wnicn, 2t ezcu of its fouar possitle valaes, serves to
orovide an inout of tne proper level,

Veeuwa tute V5, =n 802, is tne lnriconic ypover
a.xplifier tube. Tue circuit incorporoting tie tute is
one of *the muiny possible circuits wviiich provides ;rnded
amnplifieation for the normonicelly rich outpute Tnis

4

circuit cttenuantes tie lower Srevucuacy components and
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vecks tue .i-ner frecuency components thus »roviding

a reasonably consiant 2uplitude for the hormonies of
tie output voltoes The switen in tie oatyput circuit
exnding in the j-cks 1is in series with a cupocitutive-
indactive voltc.;e dividing netvorik to provide a Toirly
constnt output inpedince.s Tuls is = nirh inpedonce
outpdt rnd care si0uld Le ioken in couplins to it ¢s
improper m:tenin: muy comngletely elimiiz.te tie 1xi her
Lermonies of the two lovest sab-Lcruonic funlcmentals
by croazin: «n rofe s.ort circuit.

Voeuxa tabe To, a 6347, is viie transitron
riodula tor oscilluaior tabee The circuit consists of tue
svondard trensitron oscilletor network wihose outout is
used to modul-te tne nrrnonic pover amplifier, V5,
wvith a SSOcpS zadio sizgmel so ¢ s to moke tie hornonies
identifizble.

Vocuun tube V7, a 6107, is the sinusoid-l
acplifier tube. Tnis tube and its ossocisted circuit
provide amplification for thre lowest freguencies cnd is
not desi,.med to intention=lly introduce hermonic dis-
tortion of upwvreciable amplitude. The circuit is a
sﬁandard resistence ceopacitunce network end its output
is stable end ncy be used as a stenaard source of tune

scme stability as the moster oscillator.
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Tais freguaency generator vwill provide very
stron; 100ke poiats up to aud o~vove 1lme =t vliiica fre-
nuency e UV stcaczaid frejasncy modaleved corrier is
locateds This signrl end rot the Sne V.V sic
occusionslly have Lo te used in v king any odjuastments
tint oy te nzesssory in corr-cting tue Tundrnmentel
freouency of +he 100ke oscilletor zs tihe bume "7 sic-
n~l nes teen found to1 suffer culte severely from Toding.
Fize 4.1 sitows tie resalts of the stability test =nd
it is evident thot corrzction sihould be only occ=sional-
1y neces.arye

The followin.: Drocedure is neces ery to zero
cent tue 120%e oscillotor with o UV si—xael:

1. Switen to "On" ithe switch liubeled "lower",

2. Suwiteh to "3n" tue sviiten loveled "Slote,

de Couple a damiy =zute.na Trom terinincl "1
of tie rear teraiusl punel to e receiver.

4, idjust ile receiver w.til tie desired "INV
sisnel is heard.  (Sme or 1l0me).

5. Incre-se tue z2nslitule of nwoduleotion end
=4 just receiver <iul until a 100ke anr-
monic is ne4rd. It ey ve identified by
its &30 c.neSe loile,

6. .Adjust the "1lJCke rd ustient™ scerew until
the prover nermnonice 1s saperimnoced on ilie
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WV oesrelers  Tuls wey be done durin-« tue
gulet veriods, wien i.ere is no ~udio
modulztion preseut on the 7V corvier, by
tairnin:s the swizeh 1l-beled " odul-otion”

to tie "3ITM" Loslition tnd zero neuting tae
two unaodul . ved c-rrierse.

7. The 30k%e, 20kc, =nd 10ke corrzctions m v
ve wvede in o siallar noouer,

8e To :=void frecuent :djastment tane switech
1-beled "lower'"™ snould be left in the "Oonv
vosition.

"ne wvirious netinods of specificully nmecsaring
en unknown ci.mol will be found in tne (nazl of Onerat-
ing I:zctractionse

Tiilg st 27zrd suoald not be used for =t le st

G}

one hour after tue over nus Leen tarned on +s tnis is
tiie period of ~re:test instxvilitye. After tnis time the

standard nus sullicieny stuotility “or nmost epulicationse.
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