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Abstract 

This report describes the equipment set up in 1945 at the National Bureau 
of Standards to generate standard microwave frequencies and to make microwave 
frequency measurements, tests and calibrations. All frequencies are derived 
from, or measured directly, in terms of the National primary standard of fre- 
quency, the absolute accuracy of which is known at all times to better than 
1 part in 100 million. Highly constant oscillators of narrow tuning range are 
mixed with the multiplied standard frequencies making available an 8% band¬ 
width at output center frequencies of 29,7, 89,1, 267,3 and 801,9 Mc/s, Harmon¬ 
ics of these output frequencies, generated by silicon-crystal multipliers, give 
continuous coverage of the range from 342 to somewhat above 30,000 Mc/s with a 
known accuracy of 1 part in 10 million or better. In this range a total of over 
870 fixed frequencies of approximately 1% separation, entirely generated from 
the primary standard and accurate to 1 part in 100 million, are also made avail¬ 
able, Measurements are normally made at controlled temperature and humidity in 
a shielded room. Absolute accuracy of calibration is usually considerably less 
than that of the reference frequencies, being limited by the operating band-pass 
characteristic and dial mechanism for frequency meters, or by the short time 
frequency changes of oscillators under test. Instructions in the operation and 
maintenance of the equipment are given. Detailed descriptions, circuit diagrams 
and photographs of the individual units are also included. 
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intervals from 100 to 1000 kc/s 
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Fig. 45. 
Fig. 46. 
Fig. 47. 
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Photograph of decade frequency generator (bottom view) 
Circuit schematic of harmonic series generator 
Photograph of harmonic series generator (top-front view) 
PhotogT ph of harmonic series generator (bottom view) 

GENERAL DESCRIPTION 

1. Introduction 

The microwave frequency standard at the Central Radio Propagation Labora¬ 
tory, National Bureau of Standards, makes use of the National primary standard 
of frequency by extending its range to cover the microwave region. This is 
done by multiplying the 100-kc frequency of the primary standard or a very 
constant and specially derived frequency measured in terms of the primary fre¬ 
quency, to give fixed points or complete coverage in the desired portion of 
the microwave spectrum. 

2. fhe Calibration Room 

The microwave frequency standard is installed in a temperature and humidity 
controlled, electrically-shielded room. Room temperature is normally held to 
25° ± 1° C, at a relative humidity of 50^6 ± 2%. The room may be readily oper¬ 
ated over a fairly wide range of temperature and humidity conditions if desired. 
The standard-frequency distribution lines and the a-c power line entering the 
shielded room are filtered to reduce interference from outside radio-frequency 
sources. The room is shielded with one layer of 5 oz. electrolytic sheet 
copper, all power supplied the room is regulated by external a-c regulators. 

3° 'The Primary Standard of Frequency 

The National primary standard of frequency consists of nine quartz-crys tal- 
controlled oscillators which operate continuously and are automatically com¬ 
pared with Naval Observatory time and with each other. The absolute value of 
frequency from each of these standards is thereby known within 1 part in 100 
million at all times. Short-time constancy (1 hour or less) of these standards 
is usually better than 1 part in 10®. Output from one or more of these oscil¬ 
lators is distributed to laboratory equipment where higher and lower standard 
frequencies are derived. One of the standard oscillators controls the continu¬ 
ous radio broadcast of standard frequencies from the Bureau's station 7WV. 

Details concerning the broadcast of technical radio services from station 
WIN are given in an announcement obtainable on request. 

4. The Frequency Generating Equipment 

a. General-Coverage System 

The method by which other standard frequencies are derived from the 
primary frequency standard may be seen by reference to the block diagram in 
Fig. 1. The standard frequency, 100 kilocycles per second, is multiplied to 
a very-high or ultra-high frequency and then impressed across a silicon- 
crystal rectifier, the harmonics from which are selected to give the desired 
microwave standard frequencies. Continuous coverage is obtained by adding. 
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in a frequency converter, the output of precision, adjustable-frequency 
oscillators to the output of one of the multipliers and then continuing 
the multiplication. 

Referring to Fig. 1 this process may be traced through in detail. The 
100 kc/s is first multiplied to 7500 kc/s by conventional multipliers with 
sufficient filtering to reduce, to a very low value, all spurious side- 
frequencies and harmonics in the desired output. The resultant frequency 
is added to the output of oscillator A or B and then tripled to the 2805 to 
30.9 Mc/s range. Each of the precision oscillators A or B is adjustable 
over the range shown, with 8000 dial divisions and a very linear scale. 
After further multiplication, the final frequencies are obtained for appli¬ 
cation to the crystal-rectifier harmonic generators. The same types of 
crystals are used in the different ranges of frequencies for harmonic gener¬ 
ators as are normally used as mixers or converters in receivers for these 
same frequency ranges. The frequencies available at points D, E, and F are 
generated by multipliers using 829B, 832A, and 2C40 tubes, respectively, 
and giving-adjustable output levels as high as 2, 2, and 1 watts. Multi¬ 
plier circuits are of the ordinary lumped-constant type except for the out¬ 
put circuit of the 270 Mc/s multiplier which uses parallel lines and the 
810 Mc/s multiplier which uses a butterfly circuit. 

It is seen that about 25/ of the frequency stability of the output is 
derived from oscillators A and B while 75/ is derived from the primary fre¬ 
quency standard. However, the instantaneous frequency of A or B may be 
determined by means of the usual calibrating equipment shown to the right 
in the block diagram. This equipment also serves to monitor the frequency 
of oscillator A or B if it is desired to maintain a given frequency over a 
period of tim9. 

b„ Fine-Tuning and Spot-Frequency Arrangement 

For applications where finer control or a more constant frequency is 
needed the arrangement shown at the left in the block diagram is used. Here, 
the output from the adjustable oscillator C mixes with outputs derived from 
the decade frequency generator and multiplier to give continuous coverage from 
2000 to 2800 kc/s, which is again mixed with the 7500 kc/s in the main convert¬ 
er in place of oscillators A or B, For example, to obtain outputs from 2700 to 
2800 kc/s, the 900 kc output may be multiplied to 1800 kc/s and 400 kc/s added 
in converter L to obtain 2200 kc/s, to which the output from oscillator C may 

'be added in converter K to obtain the desired output. It will be seen that 
most of the combinations in the range 2000 to 2800 kc/s may be obtained by 
using only two of the three channels in the multiplier-converter unit. Since 
the converter channels may also be used as multipliers in their tunable 
ranges, it is evident that many combinations are available in obtaining most 
of the desired output frequencies. The output constancy is accordingly now 
controlled to the extent of about 5/ by oscillator C and 95/ by the primary 
standard. The output frequency range is covered by 64,000 dial divisions 
which gives an adjustment of approximately 4, 12, and 40 kc/s per dial division 
at frequencies of 3000, 10,000, and^30,000 Mc/s, respectively. This is a fre¬ 
quency change of about 1 part in 10° per dial division, while oscillators A and 
B give a change of about 5 parts in 10b per dial division. An additional fine- 
adjustment control on oscillator G covers a range equal to ± 3 dial divisions for 
a 180° rotation. 
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fhe arrangement shown in the left in the block diagram of Fig. 1 also 
serves to give outputs from 2000 to 2800 kc/s, at 100 kc/s intervals, derived 
entirely from the primary standard. This gives fixed frequencies with an 
accuracy of 1 part in 10y or better at approximately 1% intervals throughout 
the range of the equipment. When using oscillators / or B for continuous 
coverage an accuracy of frequency of 1 part in 10^ or better is obtained. 
By using the fine-tuning equipment and oscillator C, an accuracy of 2 parts 
in 10^ may be obtained. For convenience in checking and higher accuracy, 
oscillator C may be monitored at the fourth harmonic using the same interpo¬ 
lation range and equipment as used for monitoring oscillator A. The outputs 
will remain constant in frequency to these stated accuracies for several min¬ 
utes when using the adjustable oscillators, and the interpolation equipment 
allows continuous determination of frequency over longer periods of time. 

c. Frequency-Measurement Equipment 

The equipment for measuring the frequencies of oscillators A, B, and 
C is of conventional type. Briefly, an audio-frequency interpolation oscLl- 
lator is used to measure the frequency difference between the oscillator's 
output and harmonic check points derived from the primary-standard frequency. 
A harmonic series generator and level mixing unit supplies harmonics of 
100 kc/s and 10 kc/s, derived from the primary standard, combined with the 
adjustable oscillator's output, into a radio receiver tuned to the oscillator 
frequency. When properly tuned and adjusted, the output of the receiver will 
contain a beat note of between 0 and 5,000 c/s, which is compared directly on 
an oscilloscope with the output of the interpolation oscillator covering a 
0 to 5,000 c/s range and having a linear calibration. When properly adjusted 
this oscillator has an accuracy of ± 1 c/s throughout its entire range, thus 
the frequency of the unknown oscillator may be determined within ± 1 c/s, or 
approximately 1 part in 2 million for any one of the three oscillators. If 
higher accuracy is required in determining the frequency of the adjustable 
oscillator, its frequency may be measured at a harmonic, with a proportionate 
gain in measurement accuracy. This, however, is not justified, except where 
continuous monitoring is employed, as the short-time stability of the oscilla¬ 
tor (3 minutes) is only of the order of 1 part in 2 million. Beats very near 
to 0 may be conveniently checked at a harmonic in this manner, or, if still tc 
low, may be counted, 

d. Harmonic Generating and Detection Equipment 

The final output of the multipliers at points D, E, and F is impressed 
across a silicon-crystal rectifier of appropriate type in order to generate 
harmonics in the- microwave bands. These rectifiers are installed in the 
standard coaxial mounts or mixers at frequencies up to about 3,000 Mc/s and 
in waveguide mounts at higher frequencies. Various arrangements can be 
used. Mixers, such as Radiation Laboratory type TPX-35GM and TPK-23KL, are 
satisfactory as harmonic generators. Frequencies thus obtained in the coaxial 
or waveguide transmission system constitute the frequency standards and are 
utilized in the measurement of unknown frequencies or calibration of fre¬ 
quency meters. 
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The frequency range covered by these harmonics is shown in Fig* 2. Har¬ 
monics of the 85,5 to 92„7 Mc/s output overlap in range from about 1000 Mc/s 
up, those of the 256„5 to 278.1 Mc/s output overlap from 3200 Mc/s up, and 
those of the 769.5 to 834.3 Mc/s output overlap from 9200 Mc/s up, When a 
choice of multiplier output is possible, the higher output frequency will, of 
course, utilize the lowest order of harmonic and give the highest microwave 
output in the desired range. The directly-derived fixed-frequency outputs, 
which occur at approximately 1% intervals throughout the spectrum, divide each 
harmonic range shown into eight equally spaced parts, the frequencies being 
accurate to 1 part in 108 or better. The order of harmonic being used is, in 
eaoh case, checked by use of a previously calibrated frequency meter; or, if 
one is not available within the range, by the agreement of two separate meas¬ 
urements using different harmonics in each case. 

Although the microwave power derived from the harmonic generators is low, 
by the use of sensitive radio receivers or spectrum analyzers, calibrations 
and frequency measurements may be made. Ordinarily, the calibrating and 
unknown frequencies are fed into the spectrum analyzer and the standard fre¬ 
quency adjusted until the indicated pips on the screen of the spectrum 
analyzer coincide. An unknown oscillator of sufficient constancy may be accu¬ 
rately measured by heterodyning with a standard fixed frequency. 

To determine the resonance frequency of cavity-type frequency meters a 
similar procedure may be used in which the frequency of an external oscillator 
set at the resonance frequency of the cavity is determined by comparison with 
the standard. Or, alternatively, the standard frequency itself may be used to 
excute the cavity and adjusted until a maximum or minimum is seen on the spec¬ 
trum analyzer, depending on whether a transmission-type or react!on-type cavity 
is being measured. With the addition of a frequency of approximately Sq/2Q fed 
into the harmonic-generator crystal at proper amplitude along with the standard 
frequency, so as to give a side-band frequency on each side of the cavity res¬ 
onance curve at about the half-power point, an improvement of from 2 to 5 times 
in accuracy of calibration may be obtained. Resonance is then indicated when 
the standard frequency is adjusted to give equal amplitudes on each side-band 
pip. When using this method, however, it is important that the response of the 
overall analyzer equipment following the frequency meter be flat. Operating 
near the edge of an oscillator "mode” and critical matching stub adjustments 
should be avoided. 

Superheterodyne search receivers with panoramic adapters are available for 
calibration a no measurement work over the range from 300 to 3000 Mc/s. In addi¬ 
tion, spectrum-analyzer equipment is readily available with detection equipment 
covering the ranges of 2,400 to 3,750 Mc/s, 5,200 to 3,000 Mc/s, 8,400 to 
10,000 Mc/s, and 21,500 to 26,400 Mc/s. Accordingly, even though the frequency 
standard has complete and continuous coverage, it is at present somewhat more 
difficult to make frequency measurements of unknown frequency meters outside 
the above ranges. Additional plumbing and local oscillator equipment is being 
made available so that complete coverage of the entire microwave spectrum may 
be conveniently handled. Multiple conversion, measurement of harmonics, and 
beat-frequency measurements without speotrum analyzers are other methods which 
may be utilized. 



A spectrum analyzer (Radiation Laboratory tyoe) with plumbing covering 
the range 3,400 to 10,000 Mc/s approximately, with crystal harmonic generator 
and unknown end calibrated frequency meters in position is shown in Fig. 7. 

Complete coverage of the range from about 300 to 100 Mc/s is obtained 
by feeding the output from the 28,5 to 30.9 Mc/s multiplier through a harmonic 
generator of the coaxial type. Also, by the use of the converter-stage out¬ 
puts on the fine-tuning unit, complete coverage of the lower frequencies from 
audio frequencies up to 300 Mc/s may be obtained. 

5. Accuracy of Calibrations - p 

a. Unknown Oscillator Frequencies 

The limit of accuracy with which the frequency of an unknown oscillator 
can be measured is the absolute accuraoy to which the standard frequency it¬ 
self is known, or as previously stated, to 1 part in 10 . (Frequency inter¬ 
comparisons between the various primary-standard oscillators are regularly 
made to 1 part in 10^®). Using the regular equipment with oscillators A or B, 
a maximum accuracy of 1 part in 101 may be achieved if the frequency of the 
unknown is sufficiently constant. When using the spot-frequency or fine-tuning 
equipment 1 or 2 parts in 10® are the approximate limits of accuracy. 

After reaching operating temperature, when using oscillator combinations 
A and B, or C, the constancies of these oscillators are such that accuracies 
of the output frequencies of 1 part in 10^ and 2 parts in 10^, respectively, 
may be maintained over a three-minute period without adjustment. For most 
microwave oscillators, this constancy is considerably better than that of the 
frequency being measured. 

b. Frequency Meter Calibrations 

The accuracy certified in calibration of a frequency meter depends on 
constancy of the meter, its Q and on the sensitivity of the resonance-indicating 
devioe. The useful accuraoy of the calibration also depends upon the sensitivit; 
of the method followed to set on resonance in use, and on whether or not the 
reactance coupled into the cavity by the external circuits is the same as that 
when the calibration was made. To reduce frequency pulling, due to coupled 
reactance, calibrations are usually made with matched attenuators having enough 
attenuation to effectively isolate the frequency meter. 

For cavity-type frequency meters, sealed against humidity changes and 
either temperature-compensated or made of invar, the effects of humidity and 
temperature can be greatly reduced. For unsealed cavities, calibration in the 
controlled standards room greatly improves the accuracy of calibration, but 
use of the cavity under conditions other than standard will involve additional 
errors even though corrections are made. These arise because of errors in the 
measurements of temperature and humidity, failure of the cavity to come to 
equilibrium, and errors in the correction data to be applied. 

The accuracy of tunable-type cavity frequency meters is also limited by 
backlash and dial inaccuracies and by the fact that these meters are seldom of 
the sealed type. 
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The accuracy of calibration of a cavity frequency meter depends on how 
closely it can be set to resonance. Since it resonates over a finite band¬ 
width determined by its loaded the accuracy of calibration will be a 
function of the Q of the cavity. This can be determined by calculating 
the sensitivity of setting the cavity to resonance in terms of the smallest 
change in output response which can be seen on the output indicator used for 
determining resonance. If the output indicator is a spectrum analyzer* the 
height of response on the oscilloscope will be proportional to the r-f input 
power to the analyzerj this dependence is brought about by proper design of 
the second detector circuit and is done in order to show an energy spectrum 
on the oscilloscope. This increases the sensitivity of setting a cavity to 
resonance compared to that obtained with a receiver having output proportional 
to input voltage,, 

The height of response on a spectrum analyzer can be calculated from the 
equivalent circuit shown below, where there is also shown a curve of response 
versus frequency. 

Cavity Circuit 

Output f 
Indicator 

Generator 

Curve of Output Versus 
Frequency 

This equivalent circuit is derived from cavity theory for a symmetrical 
cavity and shows the cavity as a parallel resonant circuit having conductance 
G and susceptance B. The equivalent constant voltage generator transmits 
power to the matched output load 550, The ratio of power transmitted off 
resonance, P, to that transmitted on resonance P0, will be equal to the ratio 
of response off resonance, h, to that on resonance, hQ„ This can be shown to 
be given by the following formula, 

* P * _1 

^0 Pf3 1 ■»= 4 

to 

where Af.f0 - f„ The fractional uncsertaixity in setting to resonance is 
given from this formula as 

Af \Ah 

\i K 

when Ah « h& as is the case for the fevzd Qa values encountered. Her© 
» h0 - h and is the smallest change in response that can be determined 

on the output indicator. For a cavity having a loaded of 10,000 and 
Ah/hQ a- 1/25 this equation gives A f/f as one part in 100,000. Actual 
tests show that this is the order of accuracy of setting obtainable with 
present-day spectrum analyzers when trying to set to the maximum of the 
response curve where the slope is zero. By careful work, accuracies some¬ 
what better than this can be obtained. However, when much greater sensi¬ 
tivities for setting to resonance are needed, it is necessary to use other 
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met hods , some of which work on the steep sides of the resonance carves, 
such as the method described under 3-d. A cavity Q meter employing such 
methods gives sensitivities several times greater than that obtained by 
setting at the peak of the resonance curve. Increased sensitivity would 
also be obtained by sharpening the response curve by means of circuits 
for which the output response of the spectrum analyzer goes up faster 
than the case where it is proportional to the input power. 

c. Q Measurements 

An accurate measurement of the loaded Q of transmission-type frequency 
meters, or ether symmetric transmission-type components, may be made by 
measuring the frequencies at which the power transmission drops to 0.5 of 
the resonance-frequency power. The Q then equals . For high Q 
components the limit of accuracy using this method is determined by the 
precision to which the 0#5 power points can be set. A conservative 
estimate that these points can be set to ± 2$ of the f maximum response 
value (which is approximately a ± variation in amplitude at the half- 
power points) would result in a maximum error of about 4% in the fg-f^ 
value, as the voltage response is very nearly inversely proportional to 
the number of cycles off resonance in the half-power regions. This would 
give a similar 4/c maximum uncertainty in the Q value caused by limitations 
in determining the half-power points and should constitute the principal 
error in such Q measurements. This can be seen by solving the equation 
given above for Q from which we have 

Qje hq..- 

vdiere h = l/Z hQ at the half power point. 

For measuring the Q of reaction type cavities it is usually necessary 
to terminate the line with the cavity and to measure the standing wave 
ratio, with a slotted line, as a function of frequency. This curve can be 
plotted and determined as the distance between points on the curve where 

the standing wave ratio is given by «- where r is the stand¬ 

ing wave ratio at resonance. The loaded Q 

Components having low Q values (less than several thousand) cannot be 
reliably measured directly by using the microwave frequency standard as a 
source of excitation, since the Q of the multiplier circuits and the match¬ 
ing components in the crystal multiplier assemblies is fairly high and the 
mixer and local oscillator plumbing may also be fairly frequency-sensitive. 
V-Tien low Q values are to be determined, & local oscillator with constant 
output over the range to be explored should be coupled directly to the com¬ 
ponent to be measured and a detecting system of linear or known response 
used to set the half-power points. This oscillator is then measured by com¬ 
parison with the microwave frequency standard. With this method the accuracy 
of Q measurements is usually limited by the precision with which the half- 
power points can be set and the constancy of output maintained by the oscil¬ 
lator over the range used. 
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do Dependence of Resonance Frequency on Temperature for Cavities 
without Tempera"tur"b Compensation 

Since the resonance frequency of a cavity is a function of its linear 
dimensions, and since these vary with temperature, the calibration of a fre¬ 
quency meter requires a specification of its temperature at the time of 
measuremento From the principle of elecircdynamic similitude it follows for 
a perfectly conducting cavity that regardless of the type of mode or shape 
if all linear dimensions be varied proportionately, then the reciprocal of 
the frequency will vary in the seme proportion. In general, for cavities 
of finite conductivity, neglecting second-order effects, 

-°C (T " To> jr f 

where A/represents the fractional increase in linear dimension, and is 

T 
the thermal coefficient of expansion for the material from which the cavity 
is made, assuming this is homogeneous. Since the temperature of the cavity 
in general will be uniform within 0,1° G, and may be specified at the time 
of calibration to that figure, the fractional error in frequency of calibra¬ 
tion due to the uncertainty in the temperature is, under these conditions. 

oC 
f 10 

. 

The expansion coefficientfi^Tis the increase in length per unit length 
per degree Centigrade and has values of 0*9 x 10"®, 9*6 x 10“®, 19,0 x 10“^. 
for invar, stainless steel, and brass, respectively. 

*° dependence of Resonance Frequency on Humidity 

The resonance frequency of a cavity is also a function of the dielectric 
constant of the medium it encloses. For perfectly conducting cavities, 
regardless of shape or mode, it follows from the principle of electrodynamic 
similitude, that, all other factors remaining constant, a fractional increase 

in dielectric constant, A£, produces a fractional decrease in frequency 

£ 
given by' Af , . 

The dielectric constant of the air within a cavity is a function of the 
partial pressures of dry air and water vapor, and the temperature, or what 
is equivalent, the relative humidity. Report 599, entitled ’’Standards for 
microwave frequencies/1 issued by the Radiation Laboratory, discusses the 
effect of relative humidity on resonance frequency of cavities, and gives 
graphs of the dielectric constant of air over varying conditions* Report 
599 includes a nomograph giving the change in frequency of a resonant cavity 
due to changes in the relative humidity* 

■ 
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linsealed or semi-sealed cavities may be subject to additional errors due 
to mode-lamping materials, borne materials such as poly-iron used for mode- 
damping are hygroscopic and in giving up moisture will keep the atmosphere in 
the cavity at a higher relative humidity than that of the outside controlled 
atmosphere. ^>ince the amount of moisture in the material is unknown and 
depends upon the previous history of the cavity, the cavity should be thor¬ 
oughly flushed out with the controlled atmosphere and allowed to stand for 
several days under controlled conditions until equilibrium is reached. 

The accuracy with which calibrations of cavities can be made can be 
summed up by stating that commercial cavities with a Q of about 10,000 
have been measured with an accuracy of 1 part in 50,000 to 200,000 or better 
depending on whether the cavity was sealed or not. A sealed and compensated 
cavity might be calibrated much more closely by using more sensitive methods 
of setting on resonance. -Adjustable cavities might not warrant such close 
calibrations because of mechanical inaccuracies of the tuning and dial 
arrangement. 

6o Calibration Service of the National Bureau of Standards 

The services of the Central Radio Propagation Laboratory of NBS, in 
connection with frequency standards, include measurements, tests and 
information on instruments which are in turn used as standards to test or 
measure considerable numbers of other instruments. 

The frequency standards services are available without charge to the 
Army, Navy, and other Government agencies. The Army and Navy may arrange 
that similar services be supplied, without charge, to industrial concerns 
that need such services directly in connection with Army or Navy contracts. 
Frequency standardisation tests are available to the publio, with fees 
charged in accordance with the normal NBS policy. 

All requests for tests of oscillators or frequency meters in the range 
above 300 Mc/s should be made in writing to the Director, National Bureau of 
Standards, .~tention Central Radio Propagation Laboratory, Division XIV, 
Section 9, and should state the frequency or frequencies to be covered, 
method of coupling, and any special limitations or operating conditions 
desired for the test. Calibrations will normally be made at room conditions 
of 25° C and 50-percent relative humidity. 

- 

All requests for tests for contractors for Army or Navy should reach 
the NBS in writing via an inspection, liaison or other office of the Army 
or Navy,, 

Appendix 

Io Operating Instructions 

Efficient operation of the microwave frequency standard requires a 
knowledge of the relative advantages of the various possible combinations 
of equipments and auxiliaries. “The location and proper use of the various 
controls and connecting circuits should also be understood. 
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Generally, a frequency of 100 kc/s will be supplied through the filtered 
line to the standard frequency jack at the top-left of the center rack- From 
this jack the signal is connected through the distribution amplifier to the 
▼arious other equipments as shown in the block diagram. The U3e of external 
panel connections for all interconnecting leads is employed to obtain maximum 
flexibility and utility of the equipment. The 100 kc/s frequency supplied 
from one of the primary-standard oscillators, will normally be within 2 parts 
in 107 of true frequency. Where measurements requiring a higher order of 
accuracy are being made, the absolute value within 1 part in 1C® should be 
obtained from the Frequency and Time standards group of Section 3. 

In making calibrations or measurements it is necessary to decide which 
units of the equipment should be used. Adjustable-type frequency meters may 
be most easily calibrated using the spot-frequency equipment to generate har¬ 
monics entirely controlled from the primary standard, unless it is necessary 
that calibrations be made at certain specific frequencies. Fixed-type fre¬ 
quency meters must be calibrated by use of the adjustable oscillator and 
interpolation equipment. The fine-tuning adjustable oscillator should be 
used only where extremely accurate measurements or maintenance of a constant 
frequency over a long period are desired, since it involves the use of several 
added controls and additional steps in the computations. 

Because of the high aocuracy and wide coverage of the microwave frequency 
standard, it is a rather complicated instrument. Preliminary searching or 
exploration of unknown equipment frequency characteristics is most easily 
accomplished by use of an auxiliary oscillator of few controls. 

1. Procedure for Making Calibrations Using Adjustable-Frequency Osci1 lator^ 

Before using the adjustable oscillator equipment for highly accurate cal¬ 
ibrations, the oscillators should be allowed to stabilize for one hour or mv.<s 
The multiplier and converter equipment may be used without this warm-up period 
without loss of accuracy, but the tuning of some of the high Q circuits may 
have to be readjusted periodically until temperature stabilization occurs. 
The a-c power to the entire three-rack installation is controlled by one of 
the breaker switches on the distribution box and each rack's entire equipment 
is controlled from the toggle switch on the right side of the top panel of eac: 
rack. 

The approximate microwave frequency required for calibration or measure¬ 
ment will already be -.no- n jr should be determined by use of a search oscilla¬ 
tor or by other means. A convenient method for doing this, where a frequency 
meter to b e calibrated lies within the range of a spectrum analyzer, is to 
couple the meter closely to the analyzer input and observe the reaction pip on 
the local-oscillator "mode” curve. By matching this pip with one from a cali¬ 
brated frequency meter a fairly accurate preliminary calibration may be made. 
For adjustable frequency .meters the approximate end limits of frequency should 
be determined and the desired calibration points between these limits selected 

After determining the desired approximate frequency, the harmonic range 
chart (Fig. 2) should be examined and the highest output range selected which 
will give harmonics at the desired frequencies. If continuous coverage is 
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desired over greater than an 8/6 frequency range, harmonies of the 12th order 
and higher must be used. The use of the highest output range (and lowest 
harmonic order) gives the greatest amount of microwave power and requires 
the use of less gain in the spectrum analyzer. This reduces the amount of 
amplitude instability or jumpiness of the pip on the analyzer screen and the 
amount of "stub twiddling" or matching required to get a usable signal. The 
required frequency at a given output jack is divided by the proper multiple 
of 3 to get the approximate frequency at the 9.5 to 10„3 Mo/s output of the 
converter stage. The required adjustable oscillator frequency is obtained 
by subtracting 7„5 Mc/s; the correct dial setting for the oscillator is 
obtained from the calibration chart or from one of the frequency graphs. 

Working upward from the converter stage, the microwave output frequency 
is, 

Fm = (7.5 Me + Fosc) AB 

where A = 9 for the 90 Me range; 27 for the 270 Me range; 81 for the 
810 Me range 

B * harmonic multiplication order of the crystal multiplier 

Calibration charts are supplied for the 2.0 to 2„4 Mc/s and 2.4 to 
2.8 Mc/s oscillators which give the dial setting for each even 10-lcc point 
throughout their langes. These dial settings may normally be relied upon 
bo be within ± 1 dial division or approximately ± 50 s/s. Dial settings 
for frequencies between these points are obtained by interpolation, or 
with greater ease and accuracy by the vise of the interpolation equipment 
used to measure the final frequency. Charts giving the microwave frequency 
outputs from harmonics of the 30, 90, 270, 810 Mo/s output stages with 
adjustable oscillator inputs of 2000 to 2800 ko/s at eaoh 100 kc/s interval 
within this range are also available. It is necessary to determine the 
harmonic multiplication order of the crystal multiplier to compute the 
microwave .frequency being measured. These harmonics are usually identi¬ 
fied by use of a previously calibrated frequency meter having suffici-- w 
accuracy to unmistakably identify the harmonic being used. In the event 
that no calibrated frequency meter is available in the range being used, 
several successive harmonics may be used to obtain the desired microwave 
frequency., It is best to use at least three separate input frequencies 
to give these harmonic responses and through knowledge of the input fre¬ 
quencies determine the harmonic order for each input frequency. If only 
two frequencies are used it is sometimes possible to select harmonics that 
are not adjacent, but may be assumed so, thus giving an erroneous result. 
This may be more likely to occur if the measured microwave frequency range 
is not approximately known, but is very unlikely to occur if three separate 
harmonics are used. 

2. Measurement of Adjustable-Qscillabor Frequencies 

The adjustable oscillator frequencies are measured directly in terms 
of the primary standard of frequency by comparison with frequencies or 
harmonics derived from the standard. A harmonic series generator is used 
to generate harmonics of 100 kc/s and 10 kc^s throughout the 550 k« to 
30 Mc/s range of the receiver. Only the frequency range of 2.0 to 2.8 Ilk. 
is used in measuring the adjustable oscillator frequencies. The 500 to 
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600 kc/s oscillator, used with the fine-tuning arrangement, is measured on 
the fourth harmonic and the resulting frequency divided by four to obtain 
the greater accuracy which is desirable when this oscillator is used. 

The resulting beat note from the receiver between the adjustable 
osoillator and the 10 kc/s standard-frequency markers is measured by means 
of the audio-frequency interpolation oscillator and comparison oscilloscope. 
This oscillator (G.R. type 617-0) has a frequency range of 0 to 5000 c/s and, 
when checked against the 100 c/s from the standard-controlled frequency 
divider at 100 cycle intervals, has an accuracy of ± 1 c/s throughout its 
range. The approximate frequency of the adjustable oscillator is determined 
from the dial calibration and the observed beat frequency added to, or sub¬ 
tracted from, the proper 10 kc/s multiple to get the exact oscillator fre¬ 
quency. Where the beat note is either very near 0 or 5000 c/s, a slight 
adjustment of the oscillator dial after the beat frequency has been noted, 
and observation of the direction of change will determine if the beat fre¬ 
quency should be added or subtracted. By using the crystal filter on the 
receiver and proper tuning, frequencies up to 5000 c/s may be measured. 
Beat frequencies too near to zero beat to be measured on the oscilloscope 
may be measured at a higher frequency on the receiver or counted. 

The harmonic series generator panel includes- mixer controls by which the 
relative strengths of the standard and unknown signals may be adjusted for 
maximum beat frequency output. Fixed insertion-type attenuators are also pro¬ 
vided for a rough control of these output levels. 

In similar manner the receiver and interpolation equipment may be used to 
measure the frequency of any signal in the frequency range of from 0 to 30 
Mc/s. 

3. Use of Fine-tuning and Spot-Frequency Equipment 

The fine-tuning arrangement makes use of the outputs from the 500 to 
600 kc/s oscillator, the decade frequency generator, and the frequency mul¬ 
tiplier and dual-frequency converter to give a highly accurate, precisely 
controlled, continuous coverage of the frequency range of 2„0 to 2.8 Mc/s. 
This output is supplied to the main frequency converter in place of the 
adjustable oscillator outputs of 2.0 to 2.8 Mc/s to give very fine tuning 
control and much higher stability for critical measurement applications in 
the microwave frequency band. Normally, the multiplier stage or the first 
converter stage will be used to generate multiples of 100 kc/s of from 1500 
to 2200 kc/s, obtained by multiplying or mixing outputs from the decade fre¬ 
quency generator. To these respective frequencies the 500 to 600 kc/s from 
the oscillator is added, through use of the second converter stage. The 
oscillator should always be patched into the right-hand input jack on the 
converter stages to reduce harmonic interference or spurious frequencies in 
the output. These spurious frequencies are caused by harmonic distortion 
of the oscillator frequency in the converter tube and, when these harmonics 
fall near the desired output frequency, may be of sufficient amplitude to 
be bothersome under certain conditions. If such interference occurs, the 
other side-band or difference frequency may be used in some cases to obtain 
the same output frequency, or the oscillator frequency may be injected at 
the first converter and a fixed frequency substituted at the second converter. 
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The latter method requires that one more tuning control be kept in step when 
adjusting the oscillator frequency,. Spurious frequency responses are treated 
in detail under section 4-C, When using the converter stages for multiplica¬ 
tion only or for mixing frequencies entirely derived from the standard, no 
harmonic side-frequencies are generated,, 

Fixed frequencies at 100 kc/s intervals in the frequency range 2,0 to 
2,8 Mc/s are generated by multiplying or combining in the converters the out¬ 
puts from the decade frequency generator. Several combinations are possible 
for many of the frequencies and, since no harmonic-generated side frequencies 
are present, any readily obtained combination may be used. The microwave out¬ 
puts, when using these frequencies, are most useful for calibrating tunable 
frequency meters or for supplying marker frequencies in any portiop of the 
microwave spectrum. 

4. Operating Technique and Precautions in Use of Equipment 

a. Frequency Standard 

In using the microwave frequency standard, the desired oscillator units 
should be turned on and stabilized and the proper interconnections completed. 
The meter on the 100 to 7500 kc/s multiplier should be adjusted to read at 
one-half scale when the meter switch is in the left-hand position by means of 
the level control on the 100 kc/s distribution amplifier. This meter also 
serves as a convenient indication that the 100 kc/s is being supplied when 
starting up the equipment. Lamp loads are available for the various output 
jacks and power levels and serve as convenient relative-power-output indica¬ 
tors when tuning up or adjusting the various circuits. 

Tuning of the various stages should progress from the lowest-frequency 
stage or. uo through the various mixers and multipliers to the output stage. 
Meters are available on each tunable stage for adjusting to resonance. 
These meters give no indication of the power output; in most cases they show 
conditions of maximum radio-frequency current. Plate-current meters are 
also provided for the 90, 270, and 810 Mc/s multiplier output stages, but 
since the multiplier efficiency is low in these stages, these meters show 
slight indications of resonance and are chiefly useful for determining tube 
loading. The very low efficiency of the output stages makes the system 
practically fool-proof. Detuning of any of the stages or .operation at 
minimum bias control settings will not overload the tubes. Considerable 
caution should be observed when using crystal multipliers on any of the 
outputs, that the crystal is not burned out from a sudden overload as the 
output stage is tuned up. Output levels for each of the three output stages 
are adjusted by means of a bias control for each stage. The excitation to 
the 90 Mc/s stage is so balanced that output from this stage may be con¬ 
trolled from 0 to approximately 2 watts. Output from each of the other 
stages is normally adjusted by means of this same 90 Mc/s control, the other 
bias controls being adjusted for optimum operation and left there. Filament 
switches are provided on the 270 and 810 Mc/s stages for turning these tubes 
off when not in use, A grid-range switch in the 810-Mc untuned input must 
also be thrown to the proper position when using the 270 or 810-Mc stages. 
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The practice of turning off all of the equipment except the oscillators 
, for standby periods of several hours or greater will save considerably on 

tube replacements. The considerable reduction in heating also reduces the 
load on the air-conditioning unit during such periods. 

b. Crystal Multipliers 

The use of silicon-crystal rectifiers of the series IN21, IN23, IN26, 
or other types to generate high harmonics from the standard frequency out¬ 
puts at 30, 90, 270, and. 810 Mc/s simplifies considerably the measurement 
of microwave frequencies. These rectifiers, however, have certain limita¬ 
tions which must be considered when used in this manner. Since the power 
outputon any particular harmonic is very low (the order of microwatts) it is 
necessary to work the crystal rectifier at very nearly the maximum power 
input it will stand under continuous operation. This power is of the order 
of 0.1 to 0.5 watt depending on the type and condition of the crystal being 
used. Crystal input impedances generally range from 100 to 500 ohms. 

The optimum excitation is readily apparent for any particular harmonic 
i if the output is observed on the spectrum analyzer oscilloscope. Increasing 

power input beyond the optimum point will result in rapid loss of output 
which will drop to zero at possibly twice the optimum input power. If a 
meter is connected so as to read rectified crystal current, its reading will 
be maximum when the greatest harmonic power is being generated. This 
decrease in output current or rectification efficiency under overloaded con¬ 
ditions is generally attributed to a reduction of the reverse resistance of 
the crystal. Maximum current will generally be of the order of 20 to 50 
milli&mperes. The use of an indicating meter gives a convenient means of 
adjusting for maximum harmonic output and also serves to show, to some extent, 
the condition of the crystal. Operation at, or very near the point of maxi¬ 
mum harmonic power output reduces considerably the tendency toward jumpiness 
of the received signal on ths oscilloscope. However, operation of a crystal 
rectifier at input above the maximum current or harmonic output point for any 
considerable period of time will result in loss of sensitivity or burn-out of 
the crystal. 

In the wave-guide mounts where the base of the crystal is clamped at one 
side of the wave guide, an insulated connection may be installed for use in 
operating a rectified-current meter. A button condenser is useful in making 
the outlet a. low impedance to microwave power. By use of a variable resistor 
in the meter circuit, a rectified negative bias can be used on the crystal 
which may improve the generation of harmonics by as much as 3 db in some 
cases. This reduces the power dissipation in the crystal but increases the 
reverse voltage applied. The use of some of the newer types of high-back 
voltage crystals such as welded germanium crystals may increase considerably 
the amount of microwave power output. On the other types of crystal mounts, 
some form of shunt feed on the center conductor of the radio-frequency input 
cable can be used to obtain the connection point for crystal-current meter 
and bias control. 
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By means of the crystal current tap or through a regular coaxial T con¬ 
nection, an additional frequency may be injected into the crystal multiplier 
to give aide bands on both sides of every harmonic of the multiplier output. 
These side bands are useful as additional marker frequencies and as a means 
of higher acouracy in the calibration of frequency meters, if the side bands 
are generated at approximately the half-power points. Undesired spurious 
sidebands and response® and some of their causes are discussed in section c 
r:elow under "spurious frequencies'*. 

In tuning up the multiplier it is best to adjust the bias control to 
give low output, maximize each of the tuned stages, including the final out¬ 
put stage and then maximize the harmonic output by adjustment of the 90 Me 
bias control. This insures that each radio-frequency stage is tuned properly 
and has not been falsely detuned to show maximum harmonic output because the 
crystal had been overloaded at resonance. 

The use of "line stretchers’*, matching transformers, etc., in the line 
feeding the crystal multiplier is usually not necessary, except perhaps at 
the 810-Mc input frequency. Since the crystal impedance is generally 
several times as high as that of the line, standing waves will develop. 
By having adequate reserve power the optimum crystal excitation may still 
be maintained. In the 810-Mc stage the use of a line stretcher of six to 
eight inches variation may prove helpful. 

c. Spurious Frequencies 

Spurious or undesired frequencies in the outputs from, the crystal multi¬ 
pliers are introduced from several sources which will be discussed separately, 
It should be noted that spurious frequencies slightly separated from the 
desired driving frequency and 30 to 40 db down in level, may, when passed 
through the crystal multiplier, come out at equal amplitude with the desired 
harmonics or in some cases even completely obscure the desired frequency. 
Proper converter adjustment, reducing these interfering frequencies by 50 to 
60 db in the range where harmonic interference develops and careful tuning 
of the other stages will reduce these interferences to a satisfactory level. 

(l) Multiplier Side-Frequencies 

Side-frequencies are generated in the frequency-... Itiplier stages which 
consist of adjacent harmonics to the desired harmonic output. These adjacent' 
harmonics appear in the output with a ratio to the desired frequency which is 
determined by the relative harmonic content generated and by the selectivity 
of the output tank or filter employed. The higher the harmonic order, the 
more difficult it becomes to separate a given harmonic from the adjacent ,>n s, 
as the per cent of separation becomes increasingly less. Where multi-stage 
frequency multipliers are used, these side-frequencies have a tendency to 
ride on through successive stages, giving side-frequencies in the outputs 
-which are spaced the original side-frequency difference from the desired out¬ 
put as well as harmonics of this difference. The side-frequencies may or 
may not be symmetrically located around the desired frequency and certain of 
these frequencies may be missing or very highly attenuated. 
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It is obvious that, where these side-frequencies prove bothersome, the' 
logical place to reduce them is in the stages where they are generated in 
each case. The use of several separately tuned circuits, loosely coupled, 
or a multi-section conventional filter is usually sufficient to reduce the 
amplitude of such responses to a satisfactory point. Such filter networks 
will be noted in the detailed circuit schematics of the various multiplier 
and converter units. Crystal filters are also useful when the separation 
is small (less than about 10%>) but must usually be used in conjunction with 
the conventional networks. 

In using the output from one of the multiplier stages to drive a 
crystal multiplier to obtain high harmonics for microwave frequency measure¬ 
ments it is possible to obtain responses from other than the desired source 
frequency. This is most likely to occur if the output stage driving the 
crystal multiplier is greatly detuned, but might occur through considerable 
detuning of an earlier stage. Usually these responses are of greatly 
reduced amplitude and are eliminated by proper tuning. They are more likely 
to occur when using the 270 to 810-Mc stages, where the 30 and 90-Mc side- 
frequencies are separated by a smaller percentage of the operating frequency. 
Sufficient filtering has been employed in all but the high-level output 
stages to reduce these spurious frequencies to a negligible amount, 

(2) Converter-Generated Harmonic Interference 

This type of interference is caused where a harmonic of one of the fre¬ 
quencies of a converter stage beats with one of the other frequencies, giving 
a heterodyne whistle in the output as the tuning is varied. Higher harmonics 
of both mixed signals in a converter may at times give difference frequencies 
which are near the desired sum or difference frequency and introduce a spuri¬ 
ous beat, or sideband frequency in the desired output, 

A specific example of this type of interference occurs in the main fre¬ 
quency converter 7/hen the 705 Mc/s and approximately 2.5 Mc/s from the 
adjustable oscillator are added to obtain frequencies in the region of 10 
Mc/s. If the oscillator is set on 2510 kc/s, the desired output frequency 
will be 10,010 kc/s. The fourth harmonic of the 2510 kc/s is 10,040 kc/s 
and this frequency will also appear in the output of the converter. The 
amplitude of this interfering frequency depends upon how far it deviates 
from the resonance frequency of the plate filter network and ’upon the type 
and operating conditions of the frequency converter. For a given converter 
output band-width, the higher harmonic orders (larger ratio between the two 
mixed frequencies) would cause less interference but would require a greater 
oscillator tuning range and might give several harmonic cross-over points. 
Push-push or push-pull converter circuit arrangements may be utilized to 
reduce the even or odd harmonic responses, but it seems very difficult to 
obtain both results with a given arrangement. 

The main converter unit uses a balanced circuit arrangement to atten¬ 
uate the even harmonic responses as the fourth harmonic of the lower mixed 
frequency is the only one which falls within the operating range. Needless 
to say, the mixed frequency itself should be very free of such interfering 
harmonics; he interfering frequencies are then only those generated by the 
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non-linear operations of the converter element* A balancing resistor is 
used in the screen circuit of the two converter tubes to minimise the har¬ 
monic interference* Because of stray coupling and phase changes with tun¬ 
ing, complete cancellation does not occur but a definite adjustment minimum 
is obtained. An additional front-panel control is available for adjusting 
the oscillator input power when working in the 10-Mc output range of th9 

converter. By this means satisfactory operation is maintained throughout 
the interfering range; this control may be operated at maximum throughout 
the remainder of the frequency range* Improper operation In the interfering 
range is immediately apparent when using a spectrum analyzer on the crystal- 
multiplied output by the appearance of a number of pipes on the screen very 
close to the desired signal* In some cases of improper adjustment the 
desired signal will be completely absent, with a band of spurious frequencies 
or ’’grass'1 on each side of the desired frequency. Reduction of oscillator 
input will allow the correct signal to come through and will reduce or elim¬ 
inate the interference* Slight adjustment of the converter tuning control 
will often improve a signal which shows slight interference* When properly 
adjusted, the ratio of harmonic-gene rated interference to desired output at 
the 30-Mc jack is of the order of - 50 to - 60 db. J?hen misadjusted, through 
unbalanced screen resistor or unbalanced converter tubes, or through too high 
an input power of the adjustable oscillator frequency, a ratio of approximately 
- 40 db or lower may result in unusable frequency output in the microwave 
region. 

In the frequency multiplier and dual frequency converter a somewhat differ¬ 
ent method is used to reduce the harmonic-generated interforexice. These units 
cover a wider range of frequencies so that both even and odd harmonic frequen¬ 
cies would appear in the output. As single-ended converters of the tunable 
type are of much simpler design, these were smplojred. An advantage of desired 
frequency to harmonic interference of 55 to 80 db was obtained (depending on 
the interfering harmonic order) by using 6AC7 tubes as converters at very low 
efficiency* The harmonic-producing frequency is applied to the cathode at very 
low level with the other frequency applied at class C level to the control grid. 
In this manner a completely usable output is obtained by following the converter 
stage with sufficient power amplification,, Should interference develop, the 
flexibility of the cable connections and the number of possible frequency combin¬ 
ations allow a harmonic-free operating point to be chosen* 

(3) Fara.sitis Oscillations 

Spurious frequencies of this type should not be present in any of the equip¬ 
ment when operating normally* aging of components, increased secondary emission, 
or changes in tube characteristics which sometimes occur, might cause oscilla¬ 
tions of this type to develop* Such oscillation is often of the forced type and 
is not evident when tuning by meters or bulb loads* However, if observed on a 
spectrum analyzer, such oscillation is immediately apparent as a heavy "grass or 
noise on the base line with no central signal. If listened to on a receiver, the 
signal will tune broadly and have a very high noise level. Installation of a new 
tube or proper circuit adjustment should eliminate any such condition* A trouble¬ 
some two-state oscillation between the 90 and 270-Mc states was eliminated by 
insulating the three-stage shield cover at the 90-Mc end, which proved to be a 
source of common coupling* 



(4) Spectrum Analyzer Hesponses 

The various spectrum analyzer differentiating circuits introduce pips 
on the analyzer screens. By proper positioning of the various switches 
and controls on the analyzer, these pips can be reduced or placed out of 
the working range to avoid confusion with the desired responses. When in¬ 
doubt as to the source of such a signal, the standard frequency radio¬ 
frequency power may be cut off momentarily by the plate switch on the 
adjustable oscillator or decade frequency generator if used. If the pip 
disappears, it is identified as a harmonic of the standard frequency being 
supplied to the crystal multiplier. 

d. Frequency Meters 

In the calibration of frequency meters by use of a spectrum analyzer, 
a calibrated reaction-type frequency meter is generally coupled to the 
analyzer converter arrangement so as to obtain an approximate calibration 
of the local oscillator on the analyzer, and also to identify the harmonic 
order of the multiplied standard frequency. The frequency meter to be cal¬ 
ibrated is then placed between this calibrated meter and the crystal fre¬ 
quency multiplier. Reaction-type frequency meters are coupled by use of a 
T connection in the coaxial line or waveguide, with an isolating, matched 
resistive attenuator placed on each side of the T to reduce reactive coup¬ 
ling to the frequency meter being calibrated. Transmission-type frequency 
meters are coupled directly into the line with similar use of matched atten¬ 
uators on each side of the frequency meter. Fixed attenuators of 10 db each 
have proven generally satisfactory; adjustable attenuators are convenient 
but may introduce somewhat greater mismatching. 

For a symmetrical transmission-type cavity frequency-meter, effects of 
mismatch on observed resonance frequency majr be judged by means of the 
following formula - 

A?. rr r2-i 
f Ar 

In this formula A f is the magnitude of the maximum frequency shift corre¬ 
sponding to external loading of' the cavity on one side (either input or 
output) by an impedance characterized by a voltage standing wave ratio r. 
f is the resonance frequency, Q* is the Q of the cavity with matched loads 
on both input and output, and T is the ratio of power transmitted to power 
incident on the cavity at resonance. The maximum total frequency shift with 
mismatches on both input and output is the sum of the individual frequency 
shifts calculated by the above formula. The formula is a good approximation 
if Qft, is large and r is not much greater than unity. As a numerical example 
let r = 1.15, = 4000, T = l/4, f = 10,000 Me. Then the maximum total fre 
quency shift corresponding to a mismatch of r = 1.15 on both sides of the 
cavity is approximately 0„1 Me. 

When calibrating tunable transmission-type frequency meters it is neces 
sary that both the frequency meter and the local oscillator on the analyzer 
be tuned very accurately to the frequency being used for calibration and 
that this frequency be adjusted to give a usable output. A great amount of 



adjustment and searching can be avoided if a T connection is placed on each 
side of the frequency meter beyond the attenuators! a flexible piece of 
waveguide or coaxial line is then used to bypass the frequency meter and 
attenuators while the crystal multiplier, frequency standard, and local 
oscillator are adjusted. This connection is then broken at one end and 
this frequency meter tuned for maximum response. In this manner, transmis¬ 
sion-type frequency meters are no more difficult to calibrate than those of 
the reaction-type. 

When setting up a frequency meter for calibration, the unsealed type 
should be left disconnected for a sufficient time to stabilize humidity 
within the cavity. Also, the frequency meter should be mounted far enough 
away from the spectrum analyzer and other heat-generating equipment to 
allow the cavity to remain at the temperature of the calibrating room. 

Care should be taken when varying the output frequency of the fre¬ 
quency standard that the output level remains constant or the frequency 
at which a maximum or minimum is measured will be in error, 

e. Spectrum Analyzers 

Spectrum analyzers of several types are available, but all are essen¬ 
tially high-gain receivers of the "panoramic" type with cathode-ray tubes 
as indicators. The local oscillator is frequency modulated by a saw-tooth 
frequency in synchronism with the sweep frequency of the oscilloscope 
tube, allowing one to observe the response of signals within the range 
covered. As no image rejection is employed ahead of the crystal frequenoy 
converter, an indication will appear when the local oscillator is either ' 
lower or higher than the received signal by an amount equal to the inter¬ 
mediate amplifier frequency. Most of the analyzers may be adjusted from 
zero sweep width to a value wide enough to show both responses as the local 
oscillator is swept. Provision is also made, through a video amplifier 
driven by rectified converter-crystal current variations, for observing the 
“mode'* adjustments or sweep range of the klystron local oscillator. By 
matching pips on this curve, an approximate calibration of frequency meters 
may be made.. 

In calibration work, the klystron local oscillator is usually operated 
with a wide frequency swing during preliminary adjustment and then narrowed 
down for final observations. Greater effective gain is obtained when sweep 
ing over a narrow range as this gives the resonant circuits in the inter¬ 
mediate-frequency amplifier more time to build up as the frequency is swept 
by the pass-band of the amplifier. The maximum resolution of an analyzer, 
or ability to differentiate between closely adjacent frequencies, is deter¬ 
mined by the band-width of the i-f amplifier. 

Fig. 7 shows a photograph of a spectrum analyzer, crystal multiplier, 
and frequency meters 3et up for calibration in the 8,500 to 10^,000 Mc/s 
frequency range. 



II. Detailed Unit Descriptions 

1 
The following detailed descriptions are given as an aid in maintaining 

the equipment. Voltage and current readings on the various tubes are not 
given as in frequency multipliers and radio frequency amplifiers these 
values vary widely with excitation, loading and bias adjustments. In no 
case is the maximum recommended value exceeded. 

. 

The entire installation is assembled in three heavy duty enclosed relay 
racks. Panels are standard 19-inch sizes for rack mounting. Connector 
cables and jacks are either General Radio coaxial type or Army-Navy type N. 
Each unit is individually fused and a-c power is supplied through a miniature 
motor-base type of connector. A master switch and plug fuses are also pro¬ 
vided in each rack. 11. Frequency Multiplier; Output 7.5 Mc/s 

a. Description 

The purpose of this unit is to multiply the 100 kc/s from the primary 
frequency standard to 7500 kc/s, which is one of the input frequencies of 
the main converter-multiplier unit. The multiplier consists of two push- 
pull quintupler stages and one push-pull tripler stage, all using 6SJ7 tubes. 
It is necessary that the output frequency be very free of harmonics and mul¬ 
tiplied side-frequencies in order to avoid generation of undesirable spurious 
components in the converter unit. The side frequencies are reduced in each 
multiplier stage by the use of multiple tuned filter transformers, very com¬ 
plete shielding, and decoupling networks. The 7.5-Mc frequency is also 
passed through an additional filter in the converter unit. 

b„ Operation and Service Instructions 
1 .I. r- ■ i - 

The 100-kc input power should be adjusted by means of the left-hand 
control to give a meter reading of 200 to 300 microamperes with the meter 
switch in position one. The meter switch positions 1 to 6 provide relative 
readings of grid and cathode currents in each stage. Proper alignment may 
be checked by removing the cover plate on the rear edge of the chassis and 
adjusting condensers through for maximum grid current in each stage 
as alignment progresses. The output-stage trimmer, Cs, should be adjusted 
for maximum output on an external indicator or for minimum cathode current 
with the switch in position six. 

Operating characteristics are as follows.* 

Power inputs 110 v., 60 c., at 50 watts 

R-f input? 100 kc/s, 50 to 100 raw at 500 ohms 

R-f outputsi 500, 2500, 7500 kc/s at 25 to 50 raw. 100 ohms 

R-f output purity: 
7500 kc/s 2500-kc side-frequencies - 60 db 

other side-frequencies - 80 db 
3rd harmonic - 60 db 
other harmonics - 80 db 
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2500 kc/s 

500 kc/s 

c. Parts List 

500-kc side-frequencies - 45 db 
100-kc side-frequencies -100 db 
harmonics - 60 db 

side-frequencies and harmonics - 60 db 

Resistor and condenser values are given in the schematic diagram, 
Fig. 8. 

Tuned transformer data are as follows: 

T-l Input transformer, 100 kc/s 
pri.: 150 turns No. 36 en. silk cov. wire wound between secondaries 
sec.: balanced winding No. 36 en. silk cov. wire with l/4 inch 

between pies, total inductance 12.mh. 
tuning condensers dual ceramic-mounted, 125 fljuf max. each seotion, 

in parallel. 
shield can: aluminum, 4n x 2” x 1 7/l6*. 

T-2 Output transformer, 500 kc/s 
pri,: balanced winding 5/41 litz, l/8 inch between pies, total 

inductance 0.92 mh. 
sec.: 10 turns 7/41 litz, wound between primary sections, 
tuning condenser: dual ceramic-mounted, 80 ^jpf max. each section, 

in parallel. 
shield can: aluminum, 4 l/8w x 2 3/8M x 2H. 

T-3 Coupling filter, 500 kc/s 
pri.t 5/41 litz, wound on powdered-iron cylindrical 

core 7/8" x 3/8”, inductance 0.5 mh (no secondary) 
tuning condenser: dual ce ramie -mounted, 125 max. each section, 

in parallel. 
shield can: aluminum, 4” x 2” x 1 7/l6‘*. 

T-4 Input transformer, 500 kc/s 
pri.1 10 turns 7/41 litz, wound between secondaries, 
sec.: balanced winding, 5./41 litz with 1/8” between pies, total 

inductance 1 mh. 
tuning condenser: dual ceramic-mounted, 125 pjif maximum, 
shield can: aluminum, 4'* x 2“ x 1 7/l6‘*. 

T-5 Output transformer, 2500 kc/s 
pri.: 66 turns, center-tapped. No. 26 en. wire on 1 inch bakelite 

form, total inductance 70 uh. 
sec.: 1 turn No. 26 en. wire on l/2'f form and centered inside 

primary winding. 
tuning condenser: dual ceramic-mounted, 80 jipf max. each section, 

in parallel. 
aluminum, 4 l/8” x 2 3/8” x 2*. shield can: 
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T-6 Coupling filter, 2500 kc/s 
pri„: 62 turns No, 36 ©n. silk cov. wire toroidally wound on 

powdered-iron core l/2,f x l/2n with 3/l6" dia. hole, 
inductance 90 jah (no secondary). 

tuning condenser: duel ceramic-mounted, 125 pja£ max. each section, 
in parallel. 

shield can: aluminum, 4” x 2” x 1 7/l6,r. 

T-7 Input transformer, 2500 kc/s 
pri.: 2 turns 7/41 litz wound toroidally at center of balanced 

secondary. 
sec.: 56 turns No. 36 en. silk cot. wire, center tapped, toroidally 

wound on powdered-iron core l/2*' x l/2” with 3/l6M dia. hole, 

inductance 80 J*- 
tuning condenser: dual ceramic-mounted, 125 pyf max. each section, 

in series. 
shield can: aluminum, 4" x 2M x 1 7/l6w. 

T-8 Output transformer, 7500 kc/s 
pri.: 30 turns No. 26 en. wire, center-tapped, wound on 1-inch 

bakelite form, total inductance 20 ph. 
sec.: 1 turn No. 26 en. wire wound on l/£ inch bakelite form and 

centered inside primary winding. 
tuning condenser: dual ceramic-mounted, 80 ju/if max. each section, 

in parallel. 
shield can: aluminum, 4 l/8M x 2 3/8” x 2n. 

d. Illustrations 

Fig. 8. Layout drawing of frequency multiplier; 
100 to 7500 kc/s 

Fig. 9. Circuit schematic of frequency multiplier; 
100 to 7500 kc/s. 

Fig. 10, Photograph of frequency multiplier; 
100 to 7500 kc/s (top front view). 

Fig, 11. Photograph of frequency multiplier; 
100 to 7500 kc/s (bottom view). 

2. Frequency Converter-Multiplier; Output 28.5 to 30.9 Mc/s 

a. Description 

This unit contains a balanced frequency convertor stage, using 6SA7 
tubes, which mixes 7500 kc/s derived from the primary standard of frequency 
and a very stable adjustable-oscillator frequency or other standard frequency, 
^he resultant sum frequency, between 9.5 and 10.3 Mc/s, is passed through a 
tunable filter to a tripler stage using a 6A.C7 tube. This stage is followed 
by a tuned amplifier stage using a 6SK7 tube and having a low impedance output 
which is used to drive the three-stage frequency multiplier. The tripler and 
amplifier tuning controls are ganged and tuning meters are provided for both 
the converter and tripler-amplifier stages. 
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b. Operation and Service Instructions 

Operation of the unit is straightforward; the proper inputs are con¬ 
nected and the stages tuned for maximum meter response. The dial ranges 
are such that only the desired modulation product or harmonic falls within 
the tuning range in each case. The 7.5 Mc/s is passed through an additional 
filter and applied in push-pull to the converter grids. The 2.0 to 2.8 Mc/s 
is passed through an adjustable attenuator and then through a band-pass 
filter and applied to the grids in parallel. ‘ In this manner, harmonics of 
the lower input frequency which might be present in the 'input or generated 
in the tubes are greatly reduced, as the plates are connected in push-pull. 
This is an important consideration as the fourth harmonic of the adjustable 

.fllator, when operating in the range of 2500 kc/s, will cause interference 
with the desired frequency if it is allowed to get into the output circuit, 
i.ijustment of the input to give just sufficient output to drive the next 
stage when operating in this region will reduce this interference to a negli¬ 
gible amount. An adjustable resistor in the screen circuit is provided on 
the chassis to allow balancing the converter tubes to reduce this interference; 
this control should be checked if the converter tubes are changed. 

Alignment of the various circuits may be checked by connecting the proper 
input frequencies and adjusting the successive trimmer condensers for maximum 
meter response. These adjustments should be made at the high-frequency end of 
the band and checked for uniform response throughout the band, making slight 
readjustments if necessary. The 2.0 to 2.8-Mc band-pass input filter may be 
checked by removing one converter tube, substituting a vacuum-tube voltmeter 
between the No. 1 socket pin and chassis and aligning the trimmers for uniform 
response throughout the band. 

Adjustment of the balancing resistor for reducing harmonic crossover 
interference is carried out by tuning the adjustable oscillator to 2.5 Mc/s 
and listening to the resulting 30-Mc output on the receiver. The osoillator 
is then adjusted to give a beat note of about 1000 c/s in the receiver. The 
2.5-Mc input-level control is decreased to give just enough excitation for 
maximum output at 30 Mc/s and the screen balancing control is then adjusted 
for minimum audio output in the receiver. 

Operating characteristics of the oonverter-multiplier unit are as 
follows: 

Power input: 110 v, 60 c at 50 watts. 

R-f input: 7.5 Mc/s and 2,0 to 2.8 Mc/s, 25 to 50 mw at 100 ohms. 

R-f output: 28.5 to 30.9 Mc/s, 1 watt at 100 ohms. 

R-f output purity: higher order modulation components in operating 
band - 60 db 

harmonic crossover interference at 30-Mc 
point - 55 db 

harmonics of output - 45 db 
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c" Parts List 

Resistor and condenser values are given in the schematic diagram. 
Fig. 13. 

Tuned transformer data are as follows: 

T-l 60 turns No. 34 en. wire, toroidally wound on l/2M x l/2H powdered- 
iron core with 5/l6" dia. hole. C-3, 1.5 to 15 pjx£, National Co. UK-15. 

T-2 

T-3 

pri. i 
sec. : 

C-4: 

pn, : 
sec.: 

ter % 

2 turns No. 23 en. wire toroidally wound. 
66 turns No. 34 en, wire, center-tapped, wound toroidally on 

l/2” x l/2w powdered-iron core with 3/l6" dia. hole. 
1.5 to 15 /i/if, National Co. UM-15. 

4 turns No. 28 en. silk cov, wire wound over secondary. 
56 turns No. 34 en. wire wound helically on l/2" x 1/2" 

powdered-iron core, 
56 turns No, 34 en. wire, center-tapped, helically wound on 

l/2H x l/2B powdered-i ron core. 
Spacing: between secondary and tertiary cores, l/l6 inch, 
C-l and C-2: 45 to 140 /i/if, mica compression-type dual trimmers, 

ceramic mounted. 

T-4 pri.: 32 turns, center-tapped. No, 34 en. wire toroidally wound on 
l/4'* x l/2H powdered-iron core with 3/l5" dia. hole, 

sec.: 1 turn No. 28 en. wire toroidally wound. 
C-5: 1.5 to 15 /a/if, National Co. UM-15. 
C-6: 1.5 to 5 /i/if, National Co. UM-15 with two rotor plates removed. 

T-5 pri.: 
sec.: 

ter t 
C-7j 

C-3 s 

1 turn No. 23 en. wire toroidally wound. 
32 turns No. 34 en. wire toroidally wound on 1/4” x 1/2" powdered- 

iron core with 3/l6" dia. hole. 
1 turn No. 28 en. wire toroidally wound. 
1.5 to 15 /i/if„ National Co. UM-15. 
1.5 to 5 /i/if, National Co. UM-15 with two rotor plates removed. 

T-6 8 turns No. 28 en. wire on 1" x 2H low-loss bakelite form. 
C-9: 1.5 to 15 /i/if* National Co. UM-15. 
C-10& 1*5 to 5 ju/if, National Co. UM-15 with two rotor plates removed. 

T-7 pri,: 
sec,: 

C-U: 
C-12: 

8 turns No. 28 en, wire on 1" x 2H low-loss bakelite form. 
1 turn No. 28 en, wire spaced l/2" from low-impedanc® end of 

pri. winding. 
1.5 to 15 /i/if. National Co. UM-15. 
1.5 to 5 /i/if, National Co. UM-15, with two rotor plates removed. 

d. Illustration3 

Fig. 12. Layout drawing of frequency converter-multiplier; output 
28.5 to 30.9 Mc/s. 

Fig. 13. Circuit schematic of frequency converter-multiplier; output 
£3.5 to 30.9 Mc/s. 



Fig. 14. Photograph of frequency converter-multiplier; output 28.5 to 
30.9 Mc/s (top-front view). 

Fig. 15. Photograph of frequency converter-multiplier; output 28.5 to 
30.9 Mc/s (bottom view). 

3. Adjustable-Frequency Oscillators; 2.0 to 2.4 Mc/s and 2.4 to 2.8 Mc/s 

j 
a. Description 

The output from these oscillators is mixed with the primary-standard 
frequencies to give complete coverage of the multiplied frequencies in the 
microwave spectrum. The oscillators are Lampkin Laboratories type 103, to 
which have been added a highly filtered, regulated power supply and two radio¬ 
frequency output stages using band-pass plate transformers. Only the oscilla¬ 
tor tube and its associated circuit are used in the Lampkin units, the other 
components being removed from the chassis. -The 6AC7 amplifier tubes are 
operated class A to minimize harmonic interference in the converter stage. 
One .'f the stages is provided with output impedances of 50 and 500 ohms, either 
of which may be selected by means of a switch. A plate switch on the oscilla¬ 
tor is also provided for momentarily turning off the radio-frequency output and 
still leaving the tubes in operating condition. 

b. Operation and Service Instructions 

The band-pass output transformers reduce the harmonic output and allow 
low impedance coupling to the converter stage. These double-tuned trans¬ 
formers are over-coupled and loaded so as to give essentially flat response 
throughout the operating band. Adjustment of the trimmer condensers is 
most easily carried out by using a 50-'Ohm resistive load and a vacuum-tube 
voltmeter on the output, setting the oscillator to 2080 kc/s (or 2480 kc/s 
for the higher frequency unit) and adjusting both trimmers for maximum output, 
repeating the adjustment several times. A final check at each end of the 
band, and readjustment if necessary should result in the output being flat 
within i db throughout the band. 

The oscillators are calibrated at 10-Ice intervals by use of the harmonic 
series generator and receiver and the oscillators may be set or checked at 
intermediate points by us© of this same equipment. If the calibration drifts 
slightly through aging, it may be brought into agreement with the chart by an 
adjustment of the correction trimmer condenser. 

Operating characteristics are as follows: 

Power input: 110 v, 60 c at 35 watts. 

R-f output; 2.0 to 2.4 Mc/s and 2.4 to 2,8 Mc/s, 50 im approximately 
at 50 to 100 ohms. 

harmonic content 
in output: second harmonic - 60 db 

third harmonic - 70 db 
fourth harmonic - 30 db 
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Oscillator 
constancy: Short-time variations (3-minute period), less than 

1 c/s or 1 part in 2 million approximately. 

Day-to-day variation in dial settings (for a maximum 
variation of 10° C in ambient temperature), less 
than 2 small dial divisions, or approximately 100 c/s 
at 2.0 to 2.8 Mc/s, 

Backlash in micrometer-dial mechanism, less than 1 
small dial division. 

c. Parts List 

Parts values not shown in the schematic diagram. Fig. 17, are as 
follows: 

T-2 pri.: 2.0 to 2,4 Mc/s; 56 turns No. 34 en. silk cov. wire on 1/2" 
x l/2w cylindrical powdered-iron core. 

2.4 to 2.3 Mc/s; 52 turns No. 34 en. silk cov. wire on l/2" 
x l/2n cylindrical powdered-iron core, 

sac.: similar to primary in each case. 
tertiary: 4 turns No. 28 en. silk cov. wire wound over low-potential 

end of secondary. 
spacing: between primary and secondary cores, l/l6". 
primary load resistor: 10,000 ohms, 1/2 watt. 
trimmer condensers: C-ll, C-12 and C-13, C-14; dual ceramic-mounted, 

mica-compression-type, 30 to 120 fjp.f each section, 

T-3 Similar to T-2, except tertiary winding is 12 turns No. 28 en. silk cov. 
wire, tapped at 4th turn. 

d. Ulus trations 

Fig, 16. Layout drawing of adjustable-frequency oscillator; 2,0 to 2,4 
Mc/s and 2.4 to 2.8 Mc/s. 

Fig, 17, Circuit schematic of adjus table-frequency oscillator; 2.0 to 
2,4 Mc/a and 2,4 to 2.8 Mc/s. 

Fig, 18, Photograph of adjustable-frequency oscillator; 2.0 to 2.4 
Mc/s and 2,4 to 2.6 Mc/s (top-front view). 

Fig, 19 Photograph of adjus table-frequency oscillator; 2.0 to 2,4 
Mc/s and 2.4 to 2.8 Mc/s (bottom view). 

4, Three-Stage Frequency Multiplier; Outputs 85.5 to 92,7 Mc/s, 256.5 to 
273,1 Mc/s , "769.~5~to 334,3 Mc'/a . 

a. Description 

The three-stage frequency multiplier has outputs with approximately 8% 
bandwidtha at 90, 270 and 810 Mc/s. These outputs are used to drive silicon- 
crystal frequency multipliers, the harmonics from which constitute the stand¬ 
ard frequencies in the microwave spectrum. Harmonics from the 12th through 
the 36th are used where complete coverage is required. 
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The first tripler stage uses an 829-3 push-pull beam power tube with 
an untuned band-pass input circuit and a concentric-coupled, tuned output 
transformer. The second tripler stage uses an 832-A push-pull beam power 
tube with resonant parallel lines, condenser tuned, An untuned parallel¬ 
lines input circuit drives the final stage, a range switch being provided 
to reduce loading when the final stage is not being vised. Th6 third trip¬ 
ler stage uses two 2C40 disc-seal tubes in push-pull, operating with the 
grids grounded and utilizing a butterfly tank circuit. Filament switches 
are provided on the panel for turning off the 270 and 810-Mc stages when 
these outputs are not needed. A tuning meter is also provided for each 
stage. 

A separate chassis contains the plate and filament supply, regulated 
bias supply and plate current meters for each stage. This unit also con¬ 
tains individual bias adjustment controls for regulating the power output 
of each stage. 

b„ Operation and servioe instructions 

The dial gearings for the 90 and 270-Mc stages are chosen so that the 
operating bands cover about 80 divisions on the dial scales; for the 810- 
Mc stage, the operating band covers about 20 dial divisions. All dial 
readings increase with increasing frequency. 

The 829-B tube may be changed by taking off the shield cover and re¬ 
moving the plate clips. If this tube i3 changed it may be necessary to 
retime the 30-Mc band-pass input transformere These trimmers are adjusted 
by removing the bottom cover and tuning so as to give uniform grid excita¬ 
tion throughout the operating band. The converter-multiplier unit and 
regular connecting cab?„e should be used during this adjustment as it was 
found that, when using a longer connecting cable, the trimmers could not 
be properly adjusted. 

The 832-A tube may be changed by loosening the set screws in the 
tuning gear and disengaging the fiber condenser-drive shaft. The four 
mounting screws in the supporting base are then loosened and the plate 
clips slipped off the tube pins allowing the tube to be removed. 

The 2C40 tubes may be changed by loosening the plate clips and un¬ 
hooking the concentric filament leads at the lower end. The tube mounting 
ring may then be removed as a unit by taking out the four supporting screws 

Operating characteristics are as follows? 

Fow'er inputs 110 t,, 60 o. at 100 watts approximately 

R-f inputs 28.5 t-c 30.9 Mc/s at 1 watt, 100 ohms approximately 

R-f outputs 85.5 to 9207 Mc/s at 3 watts, 50 to 100 ohms 
256.5 to 278.1 Mc/s at 3 watts, 60 to 100 ohms 
769.5 to 834.3 Mc/s at 1 wattf 50 to 100 ohms 

Spurious frequencies (harmonics and side-frequencies) in the 90, 270, 
810 Mc/s outputs when properly tuned, less than - 50 db„ 
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Approximate working Q’s of the output stages are as follows? 
90-Mc stage 90 

270-Mc stage 180 
810-Mc stage 220 

c, Parts list 

Parts values not shown in the schematic diagram. Fig. 21, are as 
follows : 

1-4 Band-pass input transformer, 28.5 to 30.9 Mc/s 
pri: 2 turns No. 28 on. silk cov. wire wound over center of secondary, 
sec: 16 turns No. 32 en. silk cov. wire on 5/8” x 2-3/8” polystyrene 

grooved form. 
tertiary* 12 turns, center-tapped. No. 32 en. silk cov. wire on 5/8” 

x 2-3/8*polystyrene grooved form, coupling with secondary 
adjustable. 

loading: 100,000-ohm, 1 watt resistor across tertiary winding, 
tuning condensers: dual ceramic, adjustable trimmers, 3 to 13 each. 

T-5 90 Me transformer, tunable from 85.5 to 92.7 Mc/s; 3 turns, center- 
tapped of coaxial copper tubing approximately 1.8” outside dia., coil 
1” dia. x l” length. The inner wire is used as primary and outside 
shield used as secondary or grid winding. Output link consists of 1 
turn No. 14 wire approximately l/2” dia. at center of coil. Tuning 
condenser, split-stator type 2 to 12 jupf, is connected across grid 
winding. 

T-S 270-Mc transformer, resonant parallel-lines type, tunable from 256.5 
to 278.1 Mc/s. Primary consists of two 5/16” dia. copper tubes 5 l/2” 
long, spaced 3/4” center-to-center. Tuning is accomplished by a 2 to 
12 jajof split-stator condenser attached near center of lines. Output 
link is No. 10 copper wire loop 2” long by 3/4” spacing, placed 1” 
from low-potential end of lines. 

Grid excitation for the 810-Mc stage is through 1/8” dia. coaxial copper 
tubing of approximately same length as plate lines. This stage is cathode 
driven, the heater power being fed through the center wires. This line is 
untuned, but a shunting link is provided for operation on the 810-Mc band. 
This link is opened by a panel control to prevent loading the 270-Mc stage 
when power is not desired from the 810-Mc stage. 

T-7 810-Mc transformer, butterfly type, tunable output from 769.5 to 834.3 
Mc/s; dia. 2 1/2”, thickness l/2”, 4 stator plates, 3 rotor plates. 
Both stator and rotor plates are shunted by brass bars at the back edges 
on each side at the high-potential points to eliminate a secondary 
resonance occurring near the second harmonic range of the 270-Mc driving 
voltage. Output link l/2‘* square, coupling adjustable, placed at high- 
current point at bottom of butterfly tank. Entire tank circuit shielded 
by 1/3* thick brass box 5” x 5” x 2-3/81". 



-32 — 

d, I1lustrations 

Fig. 20, Layout drawing of three-stage frequency multiplier and power 

supply. 

Fig. 21. Cirouit schematic of three-stage frequency multiplier and 
power supply. 

Fig. 22, Photograph of three-stage frequency multiplier (front view). 

Fig. 23. Photograph of three-stage frequency multiplier (top view). 

Fig. 24, Photograph of three-stage frequency multiplier (bottom view). 

Fig. 25, Photograph of power supply for three-stage frequency multi¬ 
plier (top-front view). 

Fig. 26. Photograph of power supply for three-stage frequency multi¬ 
plier (bottom view). 

5. Distribution Amplifier; 100 ko/s * 

a, Description 

The 100-kc distribution amplifier serves as a decoupling device and 
supplies 100 kc/s at controllable power levels as required by various units 
of the microwave frequency standard. The unit contains a buffer amplifier 
6V6GT tube, operated as a cathode follower and four output amplifiers using 
6G6G tubes. If more complete tube shielding is desired, 6V6 tubes may be 
substituted in all amplifier sockets without making any other changes. 

b. Operation and service instructions 

The output amplifier tubes may be operated under class A or class C 
conditions by adjustment of the input controls for each stage. Because of 
the comparatively low Q values of the output transformers, considerable 
harmonic distortion will result in the output under class C conditions. 
This is no great disadvantage, as in the following units these harmonics 
are purposely generated in most cases. 

Alignment of the trimmer condensers on the transformers for maximum 
output may be done by using a 100-ohm resistive load and indicating meter. 
The two trimmers in each transformer are in parallel. 

Operating characteristics are as follows: 

Power input: 110 v., 60 o. at 40 watts approximately 

R-f input: 100 kc/s, 50 to 100 raw at 100 ohms 

R-f output: four outputs 100 kc/s, 100 mw maximum at 100 ohms 
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Distortions approximate distortion in output (largely second harmonic) 
Class iPio no load -60 db 

|i 100-ohm load -40 db 

Class C: no load -45 db 
100-ohm load -25 db 

c. Parts list 

Parts values not given in the schematic diagram. Fig. 28, are as 
follows s 

T-l through T-5; 103-kc transformers, Aladdin Radio Industries part No. 
S-6568 with secondaries added over primary windings, consisting of 
30 turns of 7/41 litz wire. Primary inductance in shield can 11.1 
mh. Dual ceramic-mounted, air-dielectric tuning condensers 90 to 
135 pijif eachp connected in parallel. 

d. Illustrations 

Fig. 27. 

Fig. 28. 

Fig, 29. 

Fig. 30. 

Layout drawing of distribution amplifier; 100 kc/s 

Circuit schematic of distribution amplifier; 100 kc/s 

Photograph of distribution amplifier; 100 kc/s (top-front view) 

Photograph of distribution amplifier; 100 kc/s (bottom view) 

6. Adjustable-Frequency Oscillator; 500 to 600 kc/s 

a. Description 

This oscillator is used, in conjunction with the decade-frequency gener¬ 
ator and the frequency multiplier and dual frequency converter units, to 
give continuous freairencies of 2.0 to 2.8 Mc/s of higher stability and finer 
control for use with the main converter and multipliers. 

The oscillator is a Lampicin Laboratories type 103, to which has been 
added a highly filtered, regulated power supply and two radio-frequency out¬ 
put stages. The oscillator circuit in the Lampkin unit is essentially 
unchanged,, A cathode-coupled buffer stage drives the 100-ohm output stage 
directly and is coupled through a low-pass filter to the 500-chm output 
stage. Output from the 500-ohm stage is used as a source of excitation for 
the frequency converter and must, therefore, be very free of harmonic com¬ 
ponents, The 100«ohm output stage may be switched to a position giving 
high harmonic output for frequency monitoring purposes. By this means, the 
500 to 600-kc oscillator may be monitored on the same 2.0 to 2.4 Me band 
used for one of the other oscillators. This gives the same number of cali¬ 
bration points on all of the oscillators and higher degree of monitoring 
accuracy for the 500 to SOO-kc unit. 

The screw-adjustment type of calibration-correction condenser has been 
replaced with a dial-operated trimmer which also serves as a fine-range 
tuning condenser where extreme precision is required. 
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b» toerati on and service ins true tions 

The band-pass output transformers reduce the h&rmonio output and allow 
low-impedance coupling to the converter unit. These double-timed trans¬ 
formers are over-coupled and loaded so as to give essentially flat response 
throughout the operating band. Adjustment of the trimmers is most easily 
carried out by using the proper load resistor (100 or 500 ohms) and a 
vacuum-tube voltmeter on the output* setting the oscillator to 515 kc/s and 
adjusting both trimmers for maximum output, repeating the adjustment several 
times. A final check at each end of the band, and readjustment if necessary, 
should result in the output being flat within 1 db throughout the band. 

The 1000-ohm pi-section grid filter is so adjusted that the in-derived 
half-sections offer maximum attenuation to the second harmonic at different 
points in the operating range. The operating parameters of the SSK7 ampli¬ 
fier stage are chosen for minimum harmonic output. 

The 6AC7 amplifier stage operates at a higher input level end a high- 
pass network supplies adequate harmonic output for monitoring the frequency 
at any multiple value up to the tenth harmonic. 

The fine-tuning or calibration-correction condenser covers a range of 
± 3 main dial divisions, or approximately ± 50 c/s at 500 kc/s. 

Operating characteristics are as follows: 

Power input! 110 v.s 60 c. at 45 watts, 

R-f outputs (1) 500 to 600 kc/s, 30 mw, at 200 to 500 ohms, second harmoni? 
-70 db, other harmonics -100 db. 

(2) 500 to 600 kc/s, 100 mw„ at 50 to 100 ohms, or harmonics as 
high as 10th„ 

Oscillator constancy: Short-time variations (3~minute period) less than 
1 part in 2 million. 

Dial backlash! less than 1 small dial division, 

c. Parts list. 

Parts values not shown in the circuit schematic. Fig. 32, are as follows: 

T-l, T-2j Band-pass output transformers, 500 to 600 kc/s 

pri: 185 turns 7/41 litz wire wound on l/2* x l/2” powdered-iron core. 
inductance 0,85 mh. 

pri loading! 25D000-ohm l/2 watt resistor 
pri tuning:; adjustable air-trimmer, 5 to 55 fixed silvered mica 

sac: similar to primary, except loading resistor 50,000 ohms l/? watt 
tertiary? 25 turns 7/41 litz wire would over low-potential end of 

75 pjif. 

secondary. 
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spacings between primary and secondary core edges l/s". 

Pi-network filter: 
L-4: 110 turns 7/41 litz wire wound on l/2" x l/2w powdered -iron core, 

inductance 360 !*• 
L-3, L-5; 60 turns 7/41 litz wire wound on l/2 x l/2 powdered-iron 

core, inductance 110 jih. 

C-2, C-3: 290 pp£, silvered mica 
C-l: 220 ppf, silvered mica 
C-4: 170 silvered mioa 

d. Illustrations 

Fig, 31, Layout drawing of adjustable-frequency oscillator} 500 to 
600 kc/s. 

Fig. 32. Circuit schematic of adjustable-frequency oscillator; 500 
to 600 kc/s. 

Fig. 33. Photograph of adjustable-frequency oscillator; 500 to 600 
kc/s (front view). 

Fig. 34. Photograph of adjustable-frequency oscillator; 500 to 600 
kc/s (top view). 

Fig. 35. Photograph of adjustable-frequency oscillator; 500 to 600 
kc/s (bottom view). 

7, Frequency Multiplier and Dual Frequency Converter; outputs 1500 to 3000 
kc/s, 1000 to 2000 kc/s, 2000 to 3000 ko/s 

a. Description 

This unit provides a means of using the output of the decade frequency 
generator and the low-frequency adjustable oscillator to obtain marker fre¬ 
quencies and high-precision complete coverage in the microwave spectrum. 
In this function, its output is used with the main converter-multiplier 
equipment in place of the regular 2.0 to 2.8-Mc oscillators. 

These three auxiliary units may also be used direotly or through harmonic 
generators as a frequency standard in the low, medium or high frequency range. 

The unit contains three tunable channels covering the ranges as given. 
The circuits of the three stages are identical with the exception of the 
input coupling arrangements and the inductance values of the filter trans¬ 
formers. The second and third channels, normally used as frequency con¬ 
verters, may also be used as frequency multipliers by supplying the proper 
frequencies at the left-hand input jacks. 

As shown in the schematic diagram. Fig. 37, the first tube (6AC7) in 
each channel operates as a multiplier or converter. An input of 3 to 6 
volts is supplied to the No. 1 grid in both cases. In the converter stages. 
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the lower frequency, which might have harmonics that fall in the desired 
output range, is supplied to the cathode at the low level of 0.1 to 0.2 
volt to suppress the generation of harmonics in the converter tube. 

The first SSK7 amplifier tube is operated under class C conditions with 
the rectified grid current supplying a variable bias to both the first and 
second tubes, thus supplying an automatic gain control action. Coil wind¬ 
ings are used which have considerably higher Q at the low-frequency end of 
the operating band, thus giving a fairly constant impedance and uniform 
voltage gain throughout the band. The 6SK7 output stag© operates class A 
at about 0.1 watt to minimize the generation of harmonics. 

i 

Very complete shielding and decoupling networks reduce the interference 
between the three channels to a negligible amount, 

b. Operation and service instructions 

The adjustable oscillator should normally be used with the third channel 
as this reduces by one the number of controls that must be kept in tune as 
the frequency is varied. If an output frequency is required, on which har¬ 
monic cross-over interference is experienced, the oscillator may be used 
with the center channel and the interference thus eliminated by proper 
choice of the input frequencies to the converters. No harmonic interference 
is experienced when fixed frequencies only are used in the converters. 

In tuning the converter channels one should be certain that the desired 
output frequency is selected, as the fundamental or harmonics of the fre¬ 
quencies applied to the left-hand jacks may be obtained if they fall within 
the tuning ranges. 

At some points in the tuning ranges a slight double peaking effect may 
be noticed due to mis tracking or to a slight coupling backlash. Final tun¬ 
ing adjustment of the converter stages may be made for the clearest signal 
on the analyzer screen. 

For many of the fixed frequency marker points only the frequency multi¬ 
plier channel need be used. All of the fixed frequency points from 2.0 to 
208 Mc/s may be obtained by using the multiplier and only one converter 
channel. Harmonics as high as the tenth may be obtained from the multiplier 
channel at full power output. 

Alignment is carried out by adjusting the trimmer condensers mounted in 
the transformers. Only those trimmers with one end of the slot notched are 
used (maximum capacity occurs when the notch is toward center of transformer). 
The multiplier and first converter channel are aligned for maximum output at 
the high-frequency end with the dials set at 100. ^he seoond converter 
channel is similarly aligned with the dial set to 80 for the high-frequency 
end of the band. Each channel should be checked for proper range coverage 
and uniformity of gain and slight readjustments made if necessary. 
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Oparating characteristics are as follows: 

Power input: 110 v., 60 c. at 70 watts 

R-f input: untuned inputs, voltage range 3 to 6 volts, 

R-f outputs: 1500 to 3000 kc/s, 1000 to 2000 kc/s, 2000'to 3000 kc/s 
at 100 ohms, 0,1 watt. 

Output purity: Harmonics in output 
2nd -40 to -60 db 
3rd and 4th -50 to -70 db 
5th and higher -80 to -100 db 

Harmonic cross-over interference: 
from 4th harmonic of oscillator -55 db 
from 5th and higher harmonios -80 db 

Harmonic interference between channels (channel No. 1 
at 1000 kc/s and channel No. 2 at 2000 kc/s) 

-30 db 

Gaann 1 voltage gain: No. 1 (multiplier) 55 db 
No. 2 (first converter) 45 db 
No. 3 (second converter) 35 db 

c. Parts list 

Condenser and resistor data are given in the schematic diagram. Fig. 37. 

Tunable filter-transformer data are given in the following table: 

Trans. f winding turns L spacing or 
(kc/s) w location 

T-l 1500 to 3000 pri 48 65 
3/4 inch sec 48 65 

T-2 1500 to 3000 pri 48 65 
sec 1 over pri 

T-3 1500 to 3000 pri 48 65 
sec 2 over pri 

T-4 1000 to 2000 pri 72 135 
sec 72 135 

0 r /■ • 

T-5 1000 to 2000 pri 72 135 
sec 2 over pri 

T-6 1000 to £000 pri 72 135 
sec 3 over pri 

T-7 2000 to 3000 pri 33 30 
3/4 inch sec 33 30 



Trans. f 
(kc/s) 

winding 

T-8 2000 to 3000 pri 
sec 

T-9 2000 to 3000 pri 
sec 

General coil data 

turns L spacing or 

33 
Oih) location 

1 over pri 

33 30 
1 l/2 over pri 

On all of the above transformers the coils are wound on l/2*’ x 1/2" 
powdered-iron cores (Aladdin Eadio Industries, part No, 10-101), On the 
first transformer in each channel, separate cores are used for primary and 
secondary windings with spacing between core edges as given. On the other 
transformers primary and secondary windings are on the same cores. Tuned 
windings are of 7/41 litz wire, wound with a cam throw of 0,43 inch; low 
impedance windings are of 10/41 litz wire. 

Trimmer condensers in the first two channels are Sickles Co. No. 
SD-3219, 3 to 25 ^j)if, and in the third channel Sickles Co. No. SD-3157, 
5 to 55 . Tuning condensers are Hammarlund No. MCD-14Q-M, 8 to 145 j^if 
each section, two two-gang units being used in each channel. 

Shield cans are aluminum. Sickles Co., size 4" x 2" x 1-7/16" x 0.32M 
thick. 

d. Illustrations 

Fig. 36. Layout drawing of frequency multiplier and dual frequency 
converter; outputs 1500 to 3000 kc/s, 1000 to 2000 kc/s, 2000 to 
3000 kc/s. 

Fig. 37. Circuit schematic of frequency multiplier and dual frequency 
converter. 

Fig. 38. Photograph of frequency multiplier and dual frequency converter 
(front view). 

Fig. 39. Photograph of frequency multiplier and dual frequency converter 
(top view). 

Fig. 40. Photograph of frequency multiplier and dual frequency converter 
(bottom view). 

8. Deoade Frequency Generator; outputs at 100-kc intervals from 100 to 1000 
ko7s 

a. Description 

The decade frequency generator, when used with the frequency multiplier 
and dual frequency converter, makes available frequencies at 100-kc intervals 
in the range 2.0 to 2.8 Mc/s which are entirely controlled from the primary 



standard of frequency. These frequencies may be used to generate marker 
frequencies throughout the microwave spectrum by use of the main converter 
and multiplier equipment. Complete coverage, at a higher stability and 
higher control precision, may also be obtained by using the 500-600 kc 
oscillator with this equipment. 

The decade frequency generator will furnish, simultaneously, harmonics 
of 100 kc/s in the decade range of 100 to 1000 kc/s, at a power output of 
0.1 watt each. Output impedance is nominally 100 ohms although performance 
is satisfactory between 50 ohms and open-circuit conditions. Separate 
switches and output jacks are provided so that any or all of the outputs may 
be operated at will. These frequencies are obtained by passing the 100-kc 
input frequency through a pulse-forming circuit arrangement which generates 
sharp pulses of approximately 0.5 microsecond duration with a peak power of 
about 1 watt. With this adjustment the harmonic content of the pulse output 
is approximately inversely proportional to the harmonic order. Tuned fil¬ 
ters select and equalize the various harmonics, A separate type 6SK7 ampli¬ 
fier tube with single-tuned transformer coupling is used for eaoh output fre¬ 
quency, These tubes are operated as class A amplifiers with voltage and load 
values chosen to minimize harmonic output. 

A separate report, '^Decade frequency generator*", K213.1 b, Feb. 25, 1946, 
gives detailed design and operational data for this unit. 

b. Operation and service instructions 

The unit is normally operated from a regulated a-c supply and will not 
give uniform output from the various stages if tho line voltage drops belovf 
about 105 volts. As in any multiplier, phase shifts causing frequency mod¬ 
ulation in higher frequency stages may result if the unit is operated from 
unregulated supply voltage. 

Realignment should seldom be required as all filter cirouits are tuned 
with air-trimmer or silvered mica condensers. If necessary, the following 
procedure should be used after allowing the unit to stabilize for l/2 hour. 
Plug in 100-kc input and align the pulse input transformer and the 100-ko 
output transformer, it 100-ohm load resistor and vacuum-tube voltmeter 
should be used on the outputs during alignment with trimmer adjustments 
progressing from harmonic bus to output circuit in sequence. A wide-band 
oscilloscope is useful for observing the pulse wave-form on the harmonic 
bus and the ratios of the output stages by obtaining Lissajou figures. It 
should be noted that the trimmers in the output transformers are wired in 
parallel for greater range, also, the 300 to 1000-kc grid input transformers 
each contain an unused trimmer. All used trimmers have been scribed at 
correct alignment points and should not deviate greatly from these points. 
Particular care should be observed on the input trimmers connecting to the 
harmonic bus as these will tune to several of the frequencies in most oases. 
After complete adjustment for maximum output all of the trimmers should be 
rechecked with all of the outputs operating. 
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Operating characteristics of the decade-frequency generator are as 

follows: 

fill! 

Power input: 110 v., 60 o. at 76 watts 

R-f input: 110 kc/s, 0.1 watt at 100 ohms 

R-f output: 100 to 1000 kc/s at 100-kc intervals, 0.1 watt each at 
100 ohms 

For one output only operating -- 100-ohm load, 4.5 to 5,5 volts 
no load, 6 to 9 volts 

For all outputs operating -- 100-ohm load, 3.2 to 3.7 volts 
no load, 4.1 to 6.8 volts. 

Spurious frequencies: 

1000 kc/s, side-frequencies f ± 100 kc/s 
f ± 200 kc/s 

900 kc/s, side-frequencies f ± 100 kc/s 
f ± 200 kc/s 

800 to 200 kc/s, side- f ± 100 kc/s 
frequencies f ± 200 kc/s 

db down 
100-ohm load no load 

65 76 
80 85 
75 85 

100 100 
90 100 

100 100 

1000 to 200 kc/s, harmonics f x 2 
f x 3 
f x 4 

100 kc/s, harmonics f x 2 
f x 3 

60 65 
65 70 
80 80 
50 70 
60 60 

‘ 
•5 

.7 

•8 

>9 

10 

11 

112 

15 

Above are minimum values and are approximately the same for all or only h 

one output stage operating. 

C. Parts list ij 

Condenser and resistor data are given in the schematic diagram. Fig. 42. 
Resonant filter transformer data are given in the following table. 

Trans . f 
(kc/s) 

use winding turns L 

(>ih) 

par, cond. 

(»>f) 

spacing 
(inches) . 

T-l 100 input pri 500 (esti¬ 
mated) 

11,100 

sec none 
9 

T-2 100 plate pri 250 1,700 1400 
sec 25 0 

T-3 200 grid pri 400 4,100 125 
sec 400 4,100 125 1 



-41- 

Tran 8 . f us a winding turn3 L par. oond. spacing 
(ko/ s) (>ih) (ppf) (inches) 

1-4 200 plate pri 114 420 1430 
sec 16 

\ 
0 

T-5 300 grid pri 400 4,150 20 
sec 400 4,150 20 1 

T-6 300 plate pri 92 950 950 
sec 14 0 

T-7 400 coupling pri 400 4,160 
3/4 sec 250 1,800 50 

T-8 400 grid pri 50 80 

1/2 seo 200 1,130 100 

1-9 400 plate pri 76 190 750 
seo 12 0 

T-10 500 coupling pri 400 4,150 
3/4 sec 200 1,130 50 

T-ll 500 grid pri 40 54 
1/2 sec 160 725 100 

T-12 500 plate pri 64 152 600 
sec 11 

T-13 600 coupling pri 350 3,170 
3/4 sec 150 670 70 

T-14 600 grid pri 35 42 
1/2 sec 135 510 70 

T-15 600 plate pri 56 116 550 
seo 10 0 

T-16 700 coupling pri 300 2400 
3/4 sec 125 510 70 

T-17 700 grid pri 30 32 
3/8 seo 116 370 70 

T-18 700 plate pri 50 90 500 
sec 9 0 

T-19 800 coupling pri 260 1,800 
3/4 sec 100 310 70 

T-20 800 grid pri 25 25 
1/4 sec 100 310 70 
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Trans . f use winding turns L par. cond. upborn 
(kc/s) Ouh) (ppf) (inches 

T-21 800 plate pri 44 74 450 
sec 8 0 

T-22 900 coupling pri 225 1,425 
5/8 sec 75 180 130 

T-23 900 grid pri 22 22 
1/8 sec 86 220 70 

T-24 900 plate pri 42 65 400 
sec 7 

T-25 1000 coupling pri 200 1,130 230 
5/8 sec 50 80 

T-26 1000 grid pri 20 18 
1/8 sec 75 180 100 

T-27 1000 plate pri 40 60 350 
sec 6 0 

General coil data 

On all of the above transformers primary and secondary windings are on 
separate powdered-iron cores. Spacing between primary and secondary core 
edges is given. 

Core material* R-f powdered-iron, cylindrical l/2" x l/2M with 3/l(? dia. 
hole (Aladdin Radio Industries, part No, 10-101). 

Wire* Coil windings are of 7-strand No. 41 litz wire with the exception 
of the plate transformer secondaries which are of 10/41 litz wire. Windings 
are universal type, with a 5/l6" throw. Two layers of scotch eleotrioal tape 
are placed between cores and windings and finished windings are coated with 
polystyrene cement. 

Trimmer condensers* Dual air-dielectric, ceramic-mounted trimmer con¬ 
densers (F. W. Sickles Co. No. SD-3157), 5 to 55 jijif each, are used on all 
transformers exoept the 100-kc input transformer which is an Aladdin Radio 
Industries S-6568, having trimmers of 85 to 125 each. 

Shunting condensers* Where additional capacity is required, silvered 
mica condensers are shunted aoross the variable air-trimmers. 

Coil mounting* The coils are mounted on the tuning condensers by means 
of threaded bakelite rods of the proper length through the holes in the core 
material and with bakelite spacers where indicated. A threaded bakelite 
washer is used as a retaining nut. 
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Output leads: The connections between the output transformers and the 
panel jacks are made with flexible concentric conductors with the shields 
grounded at the jacks. 

Shield cans: Aluminum shield cans are from F. W. Sickles Co., size 
4” x 2" x 1 7/16" x 0.032” thick. 

Inductance values: All inductance values are given as assembled for 
use with shield cans and primary and secondary cores in place, 

d. Illustrations 

Fig. 41. Layout drawing of decade frequency generator; outputs at 
100-kc intervals from 100 to 1000 kc/s. 

Fig. 42. Circuit schematic of decade frequency generator 

Fig. 43. Photograph of decade frequency generator (front view). 

Fig. 44. Photograph of decade frequency generator (top view). 

Fig, 45. Photograph of decade frequency generator (bottom view). 

9. Harmonic Series Generator 

a. Description 

This unit contains three class C amplifier stages, using 6AC7 tubes, 
and having a high degree of intermodulation through use of a common plate 
load resistor. The untuned inputs may be supplied with frequencies to give 
numerous check points in any desired region of the low, medium or high 
frequency spectrum. Normally, standard-frequency inputs of 100 kc/s and 
10 kc/s are used in checking or monitoring the adjustable oscillators. An 
audio-frequency interpolation oscillator with a range of 0 to 5000 c/s is 
used for determination of values between these check points. 

The third input channel may be operated at very low level at an audio 
frequency (usually 1000 c/s) for very accurately zero-beating the oscilla¬ 
tors to these check points for calibration purposes. As an alternate 
arrangement, the receiver ”3” meter may be used as a very low beat indicator. 

The unit also contains mixing controls for adjusting the relative levels 
of the standard and unknown frequencies at the receiver input. 

b. Operation and service instructions 

In operation, the proper input and output connections are completed and 
the control dials set for most sensitive conditions. Use of a fixed line 
insertion-type attenuator (20 db) for reducing the output from the adjustable- 
frequency oscillators gives a smoother adjustment of the mixing controls. 



Operating characteristics are as follows: 

Power input: 110 v» 60 c. at 35 watts 

R-f input: nominally 100 kc/s, 10 kc/s and 1 kc/s at 500 ohms, 0,1 watt 

R-f output: output sufficient for frequency measurements up to 100th 
harmonic (10 Mo/s for 100 kc/s input) 

c. Parts list 

Values of all components are given in the sohematio diagram. Fig, 46. 

d. Ulus tratlons 

Fig. 46. Circuit schematic of harmonic series generator. 

Fig, 47. Photograph of harmonic series generator (top-front view). 

Fig. 48. Photograph of harmonic series generator (bottom view). 

10. Audio Frequency Interpolation Osoillator 

This unit is a General Radio type 617-C Interpolation Oscillator. 

Operating characteristics are as follows: 

Power input: 110 v,, 60 c. at 20 watts 

A-f output: 0 to 5000 c/s at 7 volts, 20,000 ohms 

Accuracy + 1 c/s when standardized at intervals of 100 o/s. 

11. Multi-Band Receiver and Monitoring Speaker 

The receiver is a National Co. NC-200 RG rack-mounting type; frequency 
range 490 to 30,000 kc/s; complete with panel mounted speaker. 

Power consumption is approximately 100 watts, 

12. Wide-Band Oscilloscope 

The oscilloscope is a 3-inch, raok-mounted type manufactured by Research 
Construction Co., Cambridge, Mass. 

13. Frequency Divider; 100 kc/s to 10 kc/s to 1 ko/s to 0.1 ko/a. 

This unit is a Hewlett Packard 100-A Low Frequency Standard. The 100-kc 
crystal supplied with the unit was removed and the osoillator tube converted 
to a 100-kc buffer araplifer by supplying a standard-frequenoy voltage from one 
of the distribution amplifier outputs to the grid of this tube. This input is 
connected through the terminals on the rear of the unit normally used for 
100-kc output. Output from the distribution amplifier is adjusted to the 
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center of the range which gives a stable 10 to 1 division. The other divider 
stages should require no adjustment. The unit was removed from the wooden 
case and supplied with a bottom cover and a ventilated dust cover,, 

Acknowledgments 

Grateful acknowledgment is given to Messrs, V. E. Heaton and R, H0 
McCracken for their assistance in the design and construction of the equip¬ 
ment. 

Thanks are also due Messrs, F. J, Gaffney, L. B. Young, P, A Kower and 
N, C. Colby of the MIT Radiation Laboratory for their help. 

September 1946, 



. 



o 
z 
UJ 

s 
UJ 
flc 
u. 

§ 
O 

8 
UJ 
tr 
u. 

o 
<T 
< o 
z 
< ►- 
CO 

3 
O 
UJ 

O 
2 

O 
cc 

2 

£ 
to 

UJ 

1 
ce 
o 

O i 
UJ 

£ QQ 

UJ 
X 
o 
to 

* 
O 
O 

CD < 





o 2 
K> 

IO 
<0 

a. 5 M .« 

= O O O 
2. e 6 6 

>- 
o 
Z 
UJ 
3 
o 
UJ 
a: 
u. 

csi 
d> 

u_ 





< 
< 
cr m 

AC 
UJ 

O 
UJ Ck cn 

3 

UJ 
o 

cn 
cr 

r- 
Q o 

z 
UJ 

UJ 
z * u. o < O 

cr 
z 
UJ 

UJ z 
o Sf 

2 
a. 

o UJ o 3 5 -1 UJ 3 .J >- o 5 
< CD < a. h O a a 5: UJ < a 
ce >- 

o 
<£ 2 

< s 
UJ 

cr 

t 2 
UJ 
z 
L> 5 

flO 
UJ ee UJ 

»- 

o o 
uj uj 
-J Q 

i I 
t- a. 

cr 3 
o cn 

z o 
z 

3 I 
uj £ 
tr 2 
3 cr 

3 P 
U UJ 2 Q 

</> 
o o 

oc < 
4 1- a 

i 
4 

Z 
UJ 
2 
UJ 

z 
< 

fc 
h* 
C/> 

U. 

2 
< 
cr 

>- 
o 
z 

o 

4 
UJ 

z 
< 

_j 
UJ 
Z 

3 
o 
UJ 

E 
a: < UJ 
3 > 
IS a 

z 5 
-J < O 
4 <r 

z o 
O < 

cr 
2 

4 O 

Z 

cn 
UJ 

<K K 

cn£ 

Z UJ 
o z 
2 UJ 
cr o 
< 
X 

ctr 
o 
h 
< 

S = 

i° 
uj Z 
£T O 

5 < 

o o 

\Z ° 

»- I- 3 =3 
a. o 

a cr 
UJ o 

F »- U- < 

m o 
< cn 
H O 

< I 8 

" £ 5 § 
? z a. 2 : 

J » i Ul Ul 
= 5 h > > 

«o * 
>- 
O 
z 
UJ CC 
2 o o H 
UJ < 
p= £ ° 8 

g S 5 rf § 
< S- 2 • 
o 0*0* 
UJ - *- o 
Q “ “ 

O - 

°§ 
o 2 

~ -j ►- a. . 
=> H O 

? O « 

uj cn 
2 * <0 5 y uj 

<r h a. 

QC O 

UJ 
3 
° QC 
£ o £E H 
U. < 

UJ _j 
_J — 

*o 

tr oc 
UJ UJ 

!i. 
° 5 $ 

5 i * ° s 

ssr^ 

I 

5 o 

O' a: 
uj o 
cr j- 
u. < 

—J oJ 

3 
O 
uj cr 
<r uj 
^ _j 
UJ 0- 

• as 
^ ^ S K) 2 CM OJ ® 

0» • 2 2 
o £ K) 

cn 
l 

UJ 
UJ 
cr 
x 

*> « A — C£> 

5 o 





A
-C

 
P

O
W

E
R
 

T
O
 

R
A

C
K

S
 

H
O
 
V

 

U
N

F
IL

T
E

R
E

D
 

L
IN

E
 

T
O
 

W
A

L
L
 

B
O

X
 

o 
cc 

o 9 
-i tr H- 

s» 
X O 
oz 

2g 
Q lli 
Z<K 
< u. 

tu 

o| 

?i 
LUX 

32 
us 

££ 

00 

I 
> 
X 

is 

til 
£|5 

| | a 

<5 HO 

1 









l.v: ,M 

MICROWAVE FREQUENCY STANDARD WITH CONNECTING 1 EADS' . OMPi..!: : i; 





' '
-X

;"
V

":
 

S
P

E
C

T
R

U
M
 

A
N

A
L

Y
Z

E
R

, 
F

R
E

Q
U

E
N

C
Y
 

M
E

T
E

R
S
 

A
N

D
 

C
R

Y
S

T
A

L
 

M
U

L
T

? 
P

L
 IE

'?
 ;
 

8
5
0
0
 

T
O
 

1
0

,0
0

0
 

M
e,

 



' 



I 

I 

i o 

F
ig
 

8
. 

L
A

Y
O

U
T
 

D
R

A
W

IN
G
 

O
F
 

F
R

E
Q

U
E

N
C

Y
 

M
U

L
T

IP
L

IE
R

, 
IO

O
 

T
O
 

7
5

0
0
 

k
c/

s 

(T
O

P
-R

E
A

R
 

V
IE

W
) 



- 



« 





. 

F
ig

. 
IQ

. 
F

R
E

Q
U

E
N

C
Y
 

M
U

L
T

IP
L

IE
R

; 
1
0
0
 

T
O
 
7

5
0

0
 

K
c/

s 
/ 

T
O

P
-F

R
O

N
T
 V

IE
W

J,
 









C
-2

 

£K to 
LU Z 
$ < 
O or 
CL h- 

F
ig

. 
12

. 
L

A
Y

O
U

T
 

D
R

A
W

IN
G
 

O
F
 

F
R

E
Q

U
E

N
C

Y
 

C
O

N
V

E
R

T
E

R
-M

U
L

T
IP

L
IE

R
^ 

O
U

T
P

U
T

 

2
8

.5
 

T
O
 

3
0

.9
 

M
c
/s

 

(T
O

P
-R

E
A

R
 

V
IE

W
) 









F
iq

, 
14

, 
F

R
E

Q
U

E
N

C
Y
 

C
O

N
V

E
R

T
E

R
 "

M
U

L
T

IP
L

IE
R

 





F
R

E
Q

U
E

N
C

Y
 

C
O

N
V

E
R

T
E

R
-M

U
L

T
 iD

 





6
A

C
7
 

6A
C

7 
5Y

3G
T
 

! 

>- 
o o 
Z h- 
LxJ 

o ^ 
UJ CM 
or 
Ll. q 

1 Z 
LlI § 

CD 

f£ 

§ 
o 
< 

o 
z 

$ 
< 
o: 
q 

3 
O 
>- 
< 

CD 

o> 
L 

w 
N 
O 
2 

CM 

O 
CM 

tr 
o 

t/> 

=1 ^ 
O 
CO 00 
O CVJ 

(T
O

P
-R

E
A

R
 

V
IE

W
) 





T
A

B
L

E
 

F
R

E
Q

U
E

N
C

Y
 

O
S

C
IL

L
A

T
O

R
 

tI
N
 

L
A

B
O

R
A

T
O

R
IE

S
 

1
0
3
 
(A

L
T

E
R

E
D

) 





g*
g
. 

1
8

, 
A

D
JU

S
T

A
B

L
E

 "
F

R
E

Q
U

E
N

C
Y
 

O
S

C
IL

L
A

T
O

R
; 

2
.0
 T

O
 

2 
4
 

M
c/

s 
A

N
D
 

2
.4
 

T
O
 Z

B
 

M
e 

a 
(T

O
P
 F

R
O

N
^ 

V
IE

W
),

 





, 
19

, 
A

D
JU

S
T

A
B

L
E

-F
R

E
Q

U
E

N
C

Y
 

O
S

C
IL

L
A

T
O

R
; 

2
,0
 

T
O
 2

 4
 

M
c/

s 
A

N
D
 

2
,4
 T

O
 2

.8
 

M
c
/s

 

(B
O

T
T

O
M
 V

IE
W

}.
 





2
C

4
0

 

<fr 
o 
CO 

o: 
UJ 

-J 
a. 

I- 

z> 
z 
>- 
o 
z 
UJ 
3 
o 
UJ 
cc 
u. 

f 

F
ig
 2

0
. 

L
A

Y
O

U
T
 

D
R

A
W

IN
G
 

O
F 

T
H

R
E

E
-S

T
A

G
E
 

F
R

E
Q

U
E

N
C

Y
 

M
U

L
T

IP
L

IE
R
 

A
N

D
 

P
O

W
E

R
 

S
U

P
P

L
Y

 
(T

O
P

-R
E

A
R
 

V
IE

W
S

) 



V 
7] 

_ ] 
- 



H' 

j > w 

>S: 
ujceq ! 
UIU-»Z : 

; 
iot- 
(-Q.cn ; 

CVI 

r I- =Hj^ 
~V) ►* 
5 § 

s| 
2 c« 

1, 

q=- 

(n K UJ t/> z. UJ 
« g L, 

<0 W 
( H 

i 1 
1 
0 

 ^ 
Ik--- io 

1 J O 
N **- 

1 d, fO | 

H 

tgs«S} 
It10 i &« 

. -aaAaa—wwv-< 

K O ^ O a» 

"I it" i 
i <-A/\A'\a--vVVVV^ > 

^T3HP' 

"-1 —1 ■—jjl 

■—1H1, 

rm^x 

r=&Hn 

Hi" Hi" 

* 2 

-| £J ~|—vXv—" 

UJ 

Hi* 

oj e. 3b 

©Lii UJ 

6H“ 

JuAuJ LftJ UL 
1 

h" 
T5T <NJ 

H nmr T w 





F
ig

. 
2

2
. 

T
H

R
E

E
-S

T
A

G
E
 

F
R

E
Q

U
E

N
C

Y
 

M
U

L
T

iP
U

E
R
 (

FR
O

N
T
 V

IE
W

),
 





F
ig
 

2
3

. 
T

H
R

E
E

-S
T

A
G

E
 F

R
E

Q
U

E
N

C
E
 

M
U

L
T

IP
L

IE
R

 





F
ig
 

2
4
 

T
H

R
E

E
-S

T
A

G
E
 

F
R

E
Q

U
E

N
C

Y
 

M
U

L
T

IP
L

IE
R
 (

B
O

T
T

O
M

 V
IE

W
).

 





P
O

W
E

R
 

S
U

P
P

L
Y
 

FO
R
 

T
H

R
E

E
 'S

T
A

G
E
 

F
R

E
Q

U
E

N
C

Y
 

M
U

L
T

IP
L

IE
R
 

(T
O

P
-F

R
O

N
T
 

V
IE

W
) 





W
ER
 

SU
PP

LY
 

FO
R
 

T
H

R
E

E
-S

T
A

G
E
 

FR
EQ

U
EN

C
Y
 

M
U

L
T

IP
L

IE
R
 (

B
O

TT
O

M
 





FI
G

. 
2

7
. 

L
A

Y
O

U
T
 

D
R

A
W

IN
G
 

O
F
 

D
IS

T
R

IB
U

T
IO

N
 

A
M

P
L

IF
IE

R
; 

to
o
 
kc

/s
 (

 T
O

P
- 

R
E

A
R
 

V
IE

W
).

 





IO
O
 
h

e
/*
 
O

U
T

P
U

T
 

1
0
0
 k

c
/s
 

O
U

T
P

U
T
 

IO
O

 k
c
/s
 

O
U

T
P

U
T
 

S
O

O
 k

c
/«

 

o 
(t 

Crt 
o S i 
§ £ £ 
o O in 
2 O V 

. ^ 
(O o: w 

u. y o 
o U. tli 

_j ee 
£L U- 

2 2 
< UJ 

DC > 
3 21 < 
CD o » 

_J 
< 
2 

5 EE 
5 2 

Q 
h 

a: ^ 
h- _ 
co a; 

< ;=r o 
a u. 

Z ? 

ep 

* 1 ft: * 

• s 'Tmnnrj^^ 

—cf\_p- 
d 

s> 

oo 
CJ 

o 
u. 









* r 4i' 

'ymri 

■» 
» r ! 

T 

. aw*"*'1 JMW^WWA**fWIB5,'®w^v ': 

a 
f niinawMi '. 

4 .^wsweste- 

.B
O

T
T

O
M
 

V
IE

W
).

 





or 
CL 

o 
U 

CO 

rr i 
Q. 

. O 

) UJ 
CO 
"j 

a:ino\ 

v>97 

or co 
UJ iZ 

$ < 
o or 
Cl H 

A to 
> 

IT) O / 

o 

UJ 
z> 

o 
UJ 
or 
U- 

UJ 
_J 
CO 
< 
K 

CO 

ZD 
“3 

o 

< 

u. 
o 

5 

UJ 

> 

o: 

UJ 

or 

i 

O. 

O 

to 
v. 
o 

O 

O 

CO 

o 
t~ 

o 

2T 

i 
< 
cr. 
o 

i— 

3 

O 

> 

< 

O 

O 
m 

err 
o 
h- 

< 
-J 
_J 

o 

CO 
o 

ro 

e> 



*■ 

\ 

: '• 





FIG. 33 MISSING 



;S
T

A
h 

uE
 -

 F
R

E
Q

U
E

N
C

Y
 O

S
C

IL
L

A
T

O
R

; 
5
0
0
 T

O
 6

0
0
 k

e
/s

 (
T

O
P
 V

IE
W

 



1 



N 

‘ <
( 

•«
 

- 
P

R
E

m
F

H
t 

r 
O

S
bl

L
L

A
T

C
.i;
 

5C
C
 T

O
 6

0
0
 K

c/
s 

(B
O

TT
O

M
 V

IE
W

) 





F
IG

. 
T

6
. 

L
A

Y
C

U
T
 

D
R

A
W

IN
G
 

O
F
 

F
R

E
Q

U
E

N
C

Y
 

M
U

L
T

IP
L

IE
R
 

A
N

D
 

D
U

A
„

 

F
R

E
Q

U
E
 N

C
Y
 

C
O

N
V

E
R

T
E

R
, 

o
u

tp
u

ts
 

!5
c
o
 
to
 

3
0

0
0
 

n
c
/s

, 
ig

o
o
 
to

 

2
0

0
0
 

k
c
/3

, 
2
L

C
0
 

T
O
 
3
0
0
0
 

k
e
/s
 

■ 
T

q
p

-
 R

E
A

R
 

V
IE

W
) 



' 

■ 



N_ 

<S> 

U_ 





’H
. 

F
R

E
Q

U
E

N
C

Y
 

• 
U

P
U

K
R
 

6.
N

D
 D

U
A

L
 
r

R
£

Q
U

£
N

C
Y
 

C
O

N
V

E
R

T
E

R
 

(F
R

O
N

T
 V

IE
W

}
. 





S
E

Q
U

E
N

C
Y
 

M
U

L
T

I P
i 

!£
R

 A
N

D
 D

U
A

L
 

F
R

E
Q

U
E

N
C

Y
 
'C

O
N

V
E

R
T

E
R
 (

T
O

P
 V

IE
W

) 





V
IU

L
T

tP
i-

IE
R
 

A
N

D
 D

U
A

L
 

F
R

E
Q

U
E

N
C

Y
 

C
O

N
V

E
R

T
E

R
 {

B
O

T
T

O
M
 V

IE
W

).
 





>- 

' 

FI
G

. 
41

. 
L

A
Y

O
U

T
 

D
R

A
W

IN
G
 

O
F
 

D
E

C
A

D
E
 

F
R

E
Q

U
E

N
C

Y
 

G
E

N
E

R
A

T
O

R
*,

 
O

U
T

P
U

T
S
 

A
T
 

S
O

O
*k

c 
IN

T
E

R
V

A
L

S
 

F
R

O
M
 

IO
O
 

T
O
 1

0
0

0
 

S
sc

/s
. 

(T
O

P
- 

R
E

A
R
 

V
IE

W
) 





OJ 

6 

N
A

T
IO

N
A

L
 B

U
R

E
A

U
 

O
F
 

S
T

A
N

D
A

R
D

S
 

D
E

C
A

D
E
 

F
R

E
Q

U
E

N
C

Y
 

G
E

N
E

R
A

T
O

R
 

IO
O
 T

O
 

10
00
 

K
C

 









k)
 

£y
4

. 
m
 

A
D

E
 

F
R

E
G

U
F

4C
- 

G
E

N
E

R
A

T
O

R
 (

" 
O

P 
V
 E

W
 i.

 





O
tc

.' 
)E
 

F
R

E
Q

U
E

h;
O

v
 

" 
N

E
R

A
T

O
R
 {

S
O

T
 T

O
M
 

M
W

 





</> 
Q 
(X o 
< <r -JJ 
O 

<r < 
K i- ,0* 
CO o 

CO 
<J 

U_ 1- >- 
o < 

q: 
o 
z 

uj 111 V) 

< 
UJ 
or 
ZD 

2 
UJ 
o 

(O 

3 
o 
UJ 
<r 
u_ 

u 
JC 
O 
o 

m Jj UJ u. 

_j 
< 

IT 
UJ 
'/> 1 

o 

CO 
z o o 
o o 

2 
cr 
o 2 

o 
< O 5 
2 5 X 

X X < 
< o X 
X u_ 

"i02 
> 

“Ss 

5 f 
X 
o a (z 

£ 2 < 
° ” V) 
2 W Uj K 3 
UJ < _J 
(O < 

V) > 
UJ 

V) p < cn h o 
uj cn 
J (O Cl 
2 UJ 2 3 X < 

5 « 
W o J- 
Q t 
< O 2 tc z * 
2 «* J. 
O K 
o: ^ lu O i Si 
S S < 

CD 

d 





4
' 

> 
-I

O
N

IC
 

'“
^
E

S
 

G
E

N
E

R
A

T
O

R
 (

T
<

y>
-F

R
l 

M
 

' 
V

IE
W

) 





-i
A

R
M

O
N

IC
 

S
E

R
IE

S
 G

E
N

E
R

A
T

O
R
 (

B
O

T
T

O
M

 V
IE

W
) 








