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§ ABSTRACT
|3
’ 1,1 This report covers developmental work accomplished during
4 the pertod 22 September 1953 through 31 December 1953 on Navy Contract
g NOoar=63057.
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: PURPOSE
k
2.1 Rsdio Test Set AN/URM-L1 is to be a Very-Low-Frequenoy Radio
i Interferenss and Field Intensity Messuring equipment covering ths fra=-
¢ quenoy range of 30 to 15,000 cycles=psr~second. The equipment to be
Sﬂ; built on thie contract, NOber=63057, is te be an alternate approach
§ t0 the problem of msking £isld intensity and noige msasurements ab
L. thene very low frequencies.
v 2,2 The equipment iz to be transpcrtable, suitable for use
b aboard shlp, ashore, and in the laborgtory.
{ - .
¢ {;. 2.3 The apecification applicable to the AN/URM-ll, SHIPSeR=T73l,

recomends that the test set comsists of the followlng unites

B g N

(a) A selective amplifier for harmonic analysis.

{b) A broad-band sudic emplifier for pulse analysie
and observation.

(o) % gaouum tube voltmeter at the output of (&) and
ble

d) Suitable circuite for calibrating the test set.

e) A suitable power supply.

|
‘é

2.4 Pickeup devices and coupling units as well as all cther

dovices neceasary for efficient and dependable operation of the
ecuipmsnt ars to0 be included.
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C DETAIL FACTUAL DATA

Lol The work surmarized by this report includes development

of an improved modulator, low-pass filter, preamplifier and oscillator.
Teuperature and voltage supply stabilization of the selective amplifier
and looal oscillator has been achieved. Further work on the broad-bend
arplifier, detector and metering circuits with perticular emphasis on
swliching problems was sarried out but not completed. Balancing problenms |
assnolated with the electric field probe have been investigated. f

TN MTERERNS

bo2 The following are included with this reports

Figure 1, Preamplifier, Modulator, and Low=-Pass Filter,
Sahamatic Diagram.

bo3 BALANCED MODUILATORS

Previous work on the balanced modulator culminating in the
schematic diagram, figure 5 of the previous repor’c, mdicated that the
oiroult had serious limitalicns for our Purpsss. Amoag vhese lini-

(: tations ares

-

e —

£y

8o Poor and variable balance of local oascillator residusal.

e

bo Extreme sensitivity to supply voltage variations.

EL

w

¢, Iiigh 2nd and 3rd harmonic responses.

d. Undesired responses, although generally better than
60 db down, were large in number and could easily be
confused for aignal components due to theixr not being
in easily identifiable hermonic relationships to
signal or oscillator frequencies.

PO B . =

Lol RING OR LATTICE MODULATORS

In 7iew of the balanced modulator limitations, it was decided
to meks an alternate approach. Other modulators balancing out the local
oscillator include the series ring, shunt bridge, double balanced, and
; ring modulators, Of these, the ring type seemed most suitable bacause
the oatput consists only of sidebands with no oscillator or signal com=
poaenta when correctly balanced and the residuai modulation products
are at a minimum,
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¢ Ths optimum operating conditions, methods of balance and
requlrements of such a modulator were investigated in ¢the absence of
reforences of a wsafyl nature, Manual balance controls were added
t0 the eircult and germanium orystal diodes were used for compactness
K and stability. These orystals were obteined in suitable matched forms
from both CGeneral Electric and Sylvania.

A 1 U 3

=

The addition of balance controls to the ring modulator is
believed to bo original and took the following form. Other wariationz
of sircuitry are possible,
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The transformers vsed ware of the hybrid type used in carrier
telophony and are cbtainabie conmercially from rore than cns manufacturer.
After sstting the oironit up with & suitsble preamplifier and low-pass
filter it gave better results than the dbalanced modulator in most respsctis.
the eirouit's most advantageous characteristic is the stability
it experiences with respect to variations in supply voltages, temperaturs
and opoillator balance. The most important requirement of the circuit is
stable driving impedsnces, Frequency response end balance stabllity are
dependent to a great extent on the source impedsnce of £, while capacitive
balance is depsndent to & large extent on the source impedsnsce of Lo
Harmonic responses of the less obvi.cusly harmonically related typea sre of
negligible amplitude, The most troublesome are the two types £, =2 £
and fo ® 3 £4, in which case the amplitudes ars of the same order &s th
T g the bahnoed mduhtor except that the £, = 2 £5 response is slightly
greater than £, ® 3 f4, which is reverse of that with the balsnced modulator.
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i*': ('? Noise level of the germanium dicdes ig higher than that of
: the 65J7's used in the balanoed moduletor but 43 of no nuisance value
b et the lsvels employed.
g bo5 COMPARISON OF MODULATORS:
; |
¥ Balanced Modulator Ring Modulator
Frequency
Response Flat : Flat
Opoillator Unusable betuween 30 cyolss and Usable &t all sensi-
balance 100 cyvles except with limitetions tivities down to
in harmonic response and dynsmic 25 cyclea,
range, ;
i
to=2f9 66 db dosn (minimum) 58 @b (wminimm) é
tosite S5db * " 69a ®
fs where fesfo 56d 7 x : 70 db "
C T ,
: £s whare fe=fo 67dp * w Negligible
S 5
%
i Verious other Many in number varying from Batter then 75 db dowm
residual module 59,0 db down and averaging and few in number.
~e 3 ation products 65 dvb down.
E
i Senaitivity with .3 miorovolt down to 1 kilo=- Better thar .05 microvolt
: [ToREDo " oyole., Minimam 2,0 mioroe down to 1 kilocyole,
) volts at 30 oycles, 600 oma Minimum o75 microvolt at
X ﬁ irput, 68 cyoles, 600 ohm input.
8
i Host 3 extra relatively high current: Negligible.

MIYL N

b
o

tubes compared with ring type.

Econoxy | Probably more expensiwve
dus to cost of transformers
and germanium dicde quads.

USCLASSIFIED
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Balsnced Modulator Ring Mcdulator
Shielding More difficult to shield
dus to transformers, although
no trouble was experienced
§ with the trensformers in
use.
Bulk Bulkier in its present
{ form but with possibility
k of meking smaller than ths
; balanced mocduletor,
;‘, Supply re= Very expensive and bulky A and B No regulsation necessary
¥ quirements. voltege regulation necessary
Ossillator Ogcillator volvage must ba Oscillator voliege can
vequlr emant constant with frequency. Low vary + 50% with Prequency
impsdince supply. with Do change in operation,

Le6 SFURIOUS RESPONSESt

Considerable time was spent investigating the cauwse and cure
of spurious responses including hermonics. The known csusas of such re=
sponses weyret

8o FPreamplifier,

b, Ring modulator.

8. Transformer distortion.

do Sparious signels from generators in use.

NS e <l e B N bt AT I L oo, e, 1AM e

eo Power line hamnics=

Msasurements indicated that the preauplifier if dosigned with
a large overall value of negative feedback would be free from hermonics
provided levels in use were suffisciently low to restriot working to the
linear portions of the tube characteristics. Ring mcdulator distortions
proved to be the limiting factor and, in pasrticular, the 2nd harmonic
was the worst. Various msthods of balancing the modulater for minirmm
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2nd harmenic proved fruitless end the only paramster affesting this
hernonic substantielly wes oscillator voltage. This was adjusted for
opbimum signal-to<harmonic ratio. Transformer distortion was not
troublesome except insofar ss it contributes to ring modulator
sparious responses, It was fomnd that the Hewlett-Fackard Signal
Generator EP206A was adding 6 db 3rd harmonic distortion to any
moasuremants made at approximately 60-db down from the iaput level,
Thr3s 2nd harmonic content of the generator output was negligible,

Frequency response of the ring modnlator was not found
to be flat until the source impedance of the signal was adjusted for
optimum. The source impedancs of the oscillator supply was also
fouad to be critical, The impedance of T2 balance potentiomester to
grcand has to be high in order to keep the range of the capaoity
belance within practical values. - :

A speolsl transformer was designed 40 replace the buffer
tvsa Vi but changes in the resistive balance cavsed frequency pulling
dus to loading effecte on the ogcillator cathodes This was undesirabls
s¢ the original setup of buffer and transformer as in figure 1 was re-
teineds :

Tha effect of temperature on the ring modulator ard, in
pertieular, on the germanium diodss was investigated and it was
found to be insensitive to ambient temperature changes through a
lergze range. For a 55° C change in temperature, a change of only
3/l dd in gain was recorded. .Balance controls requirsd only s
sxall readjustment to balanse at thirty cyoles.

B+ and A supply veriations leave ths ring modulator un~
arfeoted as to balance, gain, and harmonic responses,

Sinoe better results vare obtainshle with the ring modulstor
it vas decided to adopt this in preference to the simple balanced type
usad previously. The preamplifier and filter designs were thersfors
mcedifisd to f£it the ring modulator requirements.

ko7  LOJ PASS FILTERs

.I¢ is desirable to have as fla} a froquency rasponse as
pcssibles in the type of noise mster being dssigned and previous work
hed indicsted that the low-pass filter would be the limiting fastor.
In order to obtain a flat responsse ths low-pass filter should bve flat
in amplitude with frequency from 30 cpe to 15 kes ¢ 1/2 dd from the
celitrating source., With the IF at 20 kos and requiring the vesponse
to signal input at 20 kos to be &0 db down or better, the filter
de3ign besame formidable, In all practicsl filters built to this
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(j‘ spocification the out off started slightly before 15 kos resulting

in a devistion from flut responge, Compensation for this proved
1 d%.frioult. It was therefore decided to shift the I«F frequency to
i 25 kos.

A mathematical investigation around theee figures wos
meds and en mederived design arrived at using a threee-section pi
typ> filter. Practical values dictated an image impedance of 1,000 ‘
olms, A filter was then constructed and proved satisfactory for !
ows purpose; frequency response maasured less than 1/2 db change
tlroughout the pass band. Stray wiring capacitence and noise picks |
up ceused Jess trouble than in proviocus deeigns dwe to the lower
imyge impedance involved,

EPRTN W

L.3 Preamplifier requirements were altersd by the new f£ilter : {
and redssign work was carried out, Several iype preamplifiers were |
fehricated using power tubes ard various amounts of feedback. In
order to make gain and harmonic responsea indopendent of supply '
changes and temperature over a wide limit, negative feedback had to |
be omployed to a large extent, This made a ¢wo tube preamplifier
a a2cessity. Considerable investigation has been made into the i
choice of tubes for this purpose and the RCA 5879 proved to ba the ‘
best compromise, low noise and microphonics being the main consider-
atlon. With an overall feedback of 50 db and a total gu'n of 18 db, :
C the frequency response was essentially flat over the required range, !
A low impedancs output of 1000 ochms is required in order to feed the i
low pass f£ilier and any variation from this walve causes mismatoh
! and Gonsequential poor frequency respons¢ within the pass band of i
:‘
]

tha filter. A cathode follower was designed vo provide this 1000
oka match and to provide nsgligible distortion. A pentode type
cathode follower was employed to make input and output voltage as
nearly similar as possibls. The output impedance of the cathode
follower was calculated to be 23l ohms and was confirmed by measure-
?ggo A series resistor then converted the output impedance o

O ohns,

amplifier daspite Gu~supplied heaters and elaboratsly filtered B+,
Tkis was traced to the 5379 front end tube being sensitive to stray
megnetio £ields, A simple iron shield eliminated this while 2 none
mezaetic alloy type was ineffective. The sixty oyvls heater supply
tc the presmplifier produced 60, 120, 180 and 210 cycle responsess
thsse could only be removed by & do heater supply. Even cereful
heater balsnge and & low harmonic reguladed supply transformer
proved useiess, With do heater supply and msgnstic shielding, 60-
oysle pickup could be reduced below noise level with a 600-ohn ine

i pul and messured only l.5 mierowolts at 100,000 ohm input impedance.

Scma residual 60 cyole voltags was found in the Fre= #

E In narrow-band operstion, the noiss level with a 600-cha
G ensymetrical input was less than O¢1l misrovclt over 90% of the tuning
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range and amounted to less than 0,05 miorovolt at the higher fre-
quenoies, Below 1000 cps noise gradually increszsed to 0,7 misrovol®
at 30 ops, With 100,000~ohm assymetrical input the figures were only
8lizhtly worse, ranging from approximately 0.1 microvolt at the highest
down to 0.8 miorovolt at the lowest frequencies. The gradual increase
in noise below 1000 cps is concluded to be due to "flicker effect".
1ittle information ie supplied by tube manufaoturers regarding this
effects It is not proposed to investigate "flicker effect® at this
time unless 1% proves desirable to obtain higher sensitivities at

very low frequencies.

L9 LCCAL OSCILIATCR }

local oscillator design has been explored to some extent,

Our originsl standard of comparison, the Hewleiti-Packard Wave Anslyzer,"

drifts in frequensy considerably during operation and requires oonstant

reedjustment for the first hour. The temperature range of the URM=li1l

mxet bs rmuch wider than the above instruments., Whsh the URMwjjl re-

ceiver is tuned to the low end, thirty cycles, the logsl oscillator

is operating at 25,030 cps and should be held to within a few cycles

of its operating frequenocy. This would be ezsy for fixed frsquency

opsration but the oscillator must be variable. Fortunately a smell

anocunt of szero setting is permissible, provided the disl calibration

remsins valido This would mean using the I-F amplifior as a freguency
(: standard for sero setiing. This ig within practical limitations aa

work on the stabllization of the IF iidicates good frequency stability.
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5 The primary oseillator requirements are resetability and
% frecdom from drift with temperature and supply voltages. Outpub
wltage gtability is no lo:nger & primes consideration although some
work along these lines has been carried out for uss with the altesna-
¢ivs balanced modulator.

The oscillator dial calibration was studied and, for con-
vealence of operation, an arbitrery sezls was devised which prowided
dizl expansion for frequencies below 1000 ops approximgting s square
lawd, Machanical variable ratio drives to the tuning capeoity were
studied but eventually discarded in favor of especially shaping the
stator plates and using a high quality fixed ratio drive, As & Wien
bridge oscilletor has been decided upon 88 deing most suitable for
our purpose, & two gang capacitor is required. In order to eliminate
end and sida thrust, & standard straight line cepacitor was modified
by installing ball bvearing assemdlies in placo of simple slesve besrings.
Tre stator plates were shapad as necessary. Unfortunately a sterdard
mideline oapacitor provides for minimum capacity change at minimun

" ogpacity while we require minimm capecity change at maximum oapecity.

?
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A basic circuit of the oscillator used is given above,
Fronr inspection it can be seen that two feedback paths exist from V2
plate to V1, ore via the grid is positive eand the other via the cathode
is negative feedback, For optimum atability with changes in supply
voltages and amplifier characteristics, as much negative feedback as
poasible for a given output should be employed. This means the total
amniifier gain before feedback should be as high a8 possible, con-
seqjuently high gain pentodes were used under optimum conditions for
Vl and V2, The soreen to cathode voltage was stabilized with byposes
capacitors in each case to increase gain, QGreat care had to be
emnloyed with these capacicors to avoid low frequency phese shift and
eonzequent: spuwious osclillation, An cccillator resulted which is
victually independent of changes in non-bridge circuit elemsnts and
tubes., Also the change in frequency with B+ changes was approximetely
1 part in 100,000 per volt change. Changes due to heater voltage
variations were negligible,

The choice of bridge components for the oscillator depends
prinarily on temperature cocefficients and is still under investigatiom,
Thus fer the best resulty have been obtained with wire-wound resistors
ard special silver-mice capacitors having low-temperature coefficieants.

The elesctric field probe has been a subject of further study
eince the leat report. A linea. field was set up and balance of the
probe checked, I{ was evident that soue form of input capacity balance
would be necessary. This was done end the probe could then be used
to plot linea of electric fields and for "homing" on interference,
etc. Work was commenced on the elimination of the probe transformer,
incorporetion of a reversing switoh and general mechanical design of
the probe,
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4.10 SELECTIVE AMPLIFIERS

As mentioned in conneotion with the low-pass filter, it was
found desirable to raise the intermediate frequency to 25 kes. This
relatively small inorease simplified the design of the lowepass filter
coasidsrably with a degree of sacrifice in I-F selectivity (or inherent
stability) for a given set of components. Howaver, the I<F amplifier
rejuired improvement in design for other reasons, chiefly that of
excsssive bulk,

With an amplifier of the type we arc using, the design, in
geaoral, involves a compromise between gain and selectivity if a given
degree of stability is to be maintained. Stability is, of course,

catest when the meximur =mount of negative feedback is employed,
With high feedback, the selectivity and gain are controllied almost
entirely by the tuned oircuit. If this circult has relatively high
Q, the performance of the amplifier will be relatively unaffected by
normal changes in plate and heater voltages snd small variations in
tub3 characteristics. Stabilization with respect to variations in
tampsrature is, of course, still controlled by the temperature sta-
bility of the varicus detall components. The coil and cspasitor of
th2 tuned cirocuit, as well as &ll the resistors in the positive and
nezative feedback peths, must have the best poasible temperature
characteristics.

A1l preliminary work with the selective amplifier has bson
doa2 with toroidal coils hawving the highest possible Q. These coils
ar2 approximetely 2% inches in diemetsr and weigh approximately 9
ou1les. With sn inductance of approximstely L millihenries, a c2-
pasity of 0,015 mfd is required to tune to 20 kcs. The large size
of the coil and capacitor discourages cttempts &b affective winla-
turization, In addition, with such a large tuning capacitance, there
is quite a problem in providing the actual adjustment for resonance.
For reascns of stability, only an alr trimmer or good ceramic trimmer
0z1 be employedo Assuming the use of a 100 mmfc air trimmer (which
is relatively large physioally), the combined variation of the fixed
oupacity and the inductance would have to be less than 0.5%. Obvi-
cusly, tne bulk of tuning adjustmsnt oconsists of selection of several
capaditors which would combine to bring the circuit within range of
th2 100 zmfd txrimmer.

After due consideration, it appears that too great a premiuom
iz being paid to obtain a coll with a Q as high as 360. It is rels-
25.72ly easy to obtain a Q of 250 with a coil having a diameter of 1%
inshes and a weight of less than twe ounces. The reduction in dulk
iz over sixeto-ons. In additiom, it will probably be advantageous
to go t0 higher inductance in order to obtain greater initisl gain
an? perzit a greater proportion of negative feedback to be used.

Work done thus far indicates that 28 miniaturisstion of
tha design progresses, the problem of isolation of the individual
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stages becomes mors acute., In fact, it appears definite that thess
stagas should be made up &8 individually-shielded assemblies, It is
better too that the negative feedback.and bandwidth control potenti-
ocmetors be located within their respective shielded stages rather
than as a part of & gang potentiometer assembly to which shielded
wiring mast be run from each stage. Such an arrangemsnt will, of
course, require rack and pinion or bevel gearing to operate all con~
trols in unison.

Extensive investigation into the problem of stabllization
of the selective amplifier has been made on a single stage. Stability
of gain and frequency is desired for variations in ambient temperature,
plate and heater voltages, and for different positions of the bend-
width control. Frequency stabllity was achleved by the use of sta-
bilized molybdenum permalloy cores, the most steble mica capacitor:
available supplemented by & compensating ceramic capacitor. Ths da.
sired stabiligsation of gain vs, temperature wes obtained by the usa
of the highest quality deposited carbon resistors in all except plate
and gereen supply circults. Nearly perfect stabilizetion could be
seclized by the use of a thermistory however, this required selection
of some of the other resistors for their exagt temperature charact:r-
istios, making ecach atage & custom design, which was considersd im-
pracitical. Stability of frequency and gain for variation of the bande
width control was improved by using a relatively high resistance band-
width potentiomater and arranging the layout within the stage to kasp
the output circult isolated from the inpud tube grid and tuned cirsuit,

‘Interstage feedback by way of coupling from input or output terminils

of stages wae, fortunntely, no problem dus to the low effective stage-
to-gtage gain and the attenuation arforded by the high input grid
coupling resistors.

Lold DETECTOR 3

During this period, some thought has bhesn given to the type
of detector to be used and the mamnsr in which the output meter sciale
is to be calibrated, Normal dssign procedure for & Radic Interfer:zce-
Fiecld Intensity neter ssconu dsteotor calls for a response time, in
the field intemsity function, fast enough to completely follow the
highest frequenocy modulation permitted by the bandpass of the I-F
amplifier. This response is still slow with respect to the I=F carrier
and, in the absence of modulation, the ascond detector, in the field
intensity function, is & peak-type detestor. From this, it can readily
be seen why the field intensity and quesi-pesak circuits should indicate
the same output on an unmoduleted s:lgnal

Tentatively, the ouiput meter acale used for the selsctive
amplifier portion of the URM=l1 will b» calibrated in terms of RMS
value of & sine wave. Shaping by the narrow baudpass of the selective
amplifier generally supplies a sine wawe to the second detector re-
gardless of the original waveform of the signal,
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There are possibilities of lowefrequency rodulation appssring
on the signal and of its riding through the selestive amplifier and sp-
pering aoross the sesond deteotor locd resistor. This situation would
be mch more likely to ocour when using the wider bandpass portion of
the seleotive amplifier. Ability to identify and observe such module
: ation would be desirable. Two second detector functions are therefore
proposeds

TR

g .

a8, A detector circuit *rith a response time just fast enough to
follow the maximum . .duletion permitted by the selective
amplifier bandpass. To the signal carrier, this detector
circuit would be of the peakereading type discussed above.

LS Soai itk s o

be A detector circult with a response time slow with respect
to even the modulation that might bs present. This detector
circuit would measure ths peak of the modulation, It wonld
be squivalent to the usual Quasi-Peak circuit bnt would have
e longer discharge time,

The two detector functions just desoribed would provide the

sarma indication on an unmodulsted signal since botl are pesk indicsting
sircults at the intermediate frequensy.

hol2 BROADBAND AMPLIFIER:

‘: In the broadband emplifier poction of the URM-i1, the sacond
detactor becomes a reoctifier since there is no carrier frequengy ine-
volved, 7o provide an eccurate measurement of the input, the bandpass
of the rectifier oircuit (field intensity) should be equal to or grester
than that of the preceding brocadband amplifie:r, Thus, we have an avere
sging reotifiesr circult.

The ocutput meter scale for the roadband portion can be oali-
brated (1) in RMS miorovolts with respect to a sine wave or (2) in terms
g of microvolts average. If the RMS (.707 x peak of sine wave) method of
- calibration is used, the reading will be true only if the waveform ap-
plied to the rectifier is a sine wave. If the average msthod of cali-
bration is used (.636 x peak of sine wave), the average reading will
] be true of sny waveform. Since all types of waveforms willi be encoun=-
E terad in broadband measurements, the average calibration appears ths
$ most suitable,

The broadband rectifier would also contsin functions of quasie-
peak and pesk, Bechavior of these two fimotions would be similar to their
sounterparts in the AN/PRM=1A equipment since the bandwidths are of the
sana order.

Broadband measurements can encoumter signals in which the
positive and negative portions of the waveform ere dissimilar., Simple
half-wave rectification of these signals would not be the proper way
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§ ( to obtain a reliadble measurement. Inacouracies incurred by this method

i are commonly called "turaw~over" discrepsnocies. Fullewave rechification |
E of the aignal to obtain avarage, quasi-peak, and peak readings involvss

rather complicated amplifier and detector circuitry, but would give nore
reliable measurements. However, even fullewave rectifioation does not
supply sufficient data to anslyze a signal. Separate half-wave recti-
fication of tha positive and negative portions of an asaymetrical signel
would provide the desired data. This method retains the less complex
circuits required of half=-wave rectification. The one disadvantape ism
that two readings, positive and negative, would have $¢ be taken ard
then added to provide peakstoepeak volbage resdinzs An gussi-peak end
peak functions; sand true avorsgs vollage in the field intensity funotion. {
Pogitive and negative voltage data enables analymis of signal as 4c¢ '
synmetry and type of waveforme. Tue ratio of aversge to pesk reading

oan be used to identify the waveforms <for instences 1if the ratio of

¥ peak to eversge reading is .636 and the ¢ and - readings sre ecqual,

the signal is a sine wave.
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Sel CORCLUSIONS

Performance of the ring modulator has been highly satis-
factory and no further time will be spent on the older balanced
modulator. A satisfactory design for the new low-pass filter has
been aghieved, Improvemsnt of the preamplifisr and oscillator
performances sre almost adequate for use with the nsxt model, Re-

i quirements for redesign of the selective amplifier are fairly well
movm as & result of the recent investigations. Continued investi-
gation of the broadband amplifier and the logarithmic metering amplie-
fior 1s required., More work will be required on the capacitive in- 1
put probe.

SR e Lt

601 PROGRAM FOR NEXT INTERVAL: i

i Effort will be directed toward completing all details of *
; electrical design of the selective amplifier, ring modulator, oscil~ i
letor, preamplifier, attenustor system, calibrating system, beate
frequency oscillator, overload indigator, eotc,, so that formal meche-
anical design for the next model can procsed, FEleotrical design of
the wide band amplifier and metering circultry will be pushed as
rapidly as possidle,
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