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1. This problem was autborized by Bureau cf Engineering letter refer-
ecce (2), There sre listed four additicnal references, (b) to (e}, pertinent
tc the problem.

Reference: (a) Bu.Bng.let.F42-1(9-7-W3) of 19 September 1934.
(b) NRL Repcrt No. A-1056 of 21 May 1934.
(c) NAS Anacestiz Report RT-3 of 12 March 1935,
(d) Specificaticns RE 134 4724.
(e} Hygrade Sylvania Instruction Bock for Medel
GO Transmitting Egquipment.

CGEJECT OF TEST

2 The object of the test was to determine the performence of & pro-
duction Model GO transmitter manufactured by the Hygrade Sylvsnia Corporation
on Ceniract NOs32109, with particular reference to compliznce with the changes
recemzended in the two preliminary sets submitted for acceptance tests as re-
ported by reference (bj.

ABSTRACT OF TEST

3 A check of the recommended changes made in paragraph 29 of ref-
erence {b) was supplemented by further investigaticns of the transmitter power
output, voltage reguistion of the rectifier, relay sction, noise levels for
reception and keying, and side tone level in connection with bresk-in opera-
tien.



CONCLUSIONS

(a) The changes recommended in reference (b) have been met satisfac—
torily.
(b} Performance of Model GO transmitter, Serizl No. 33, as determined

by the Naval Air Station, fnacostie, D.C., in flight tests, reference {c), and
by bench tests at this Labeoratory, is not satisfactory for service use.

{c) The noise level in the hesd phones fer both key up and key down
pesitions is generally excessive when listening with a Model RU-2 receiver
adjusted to maximum gain and sensitivity for the particular antenna conditions

(d) Means to reduce the noise level in the key up position is essen—
tial for satisfactory brezk-in operation when using the same antenna for trans—
mitting and receiving.

(e) Better relay acticn is desirable. The 800 cycle supply does not
appear desirzble for energizing the relay solenoids.

(£} A reduction of the noise level in the key down position is desir-
ghle,

(g) Satisfactory rated output from the transmitter requires a volt-

age of 13C from the 800 cycle generator, whereas the normel supply for en air-
plene installstion is 120 veolts.

(n) The regulation of the power supply is not as good as that of the
preliminary models, which results in scmewhat reduced transmitter output.

(i) Evidence of poor workmanship was found, in that the sice tcne
;ctentiocmeter weas incorrectly wired into the circuit and damaged. This condi-
ion was partly responsible for poor side tone, s reported in paragraph 22 of
re fcrence (e).

{,: -3-

(3) Reset accuracy is good.
(k) The NCW and CW note is good.
(1) In general, the equipment is well constructed end rugged.

BECOMMENDATIONS

It is recommended:

(a) That this equipment be considered unsatisfactory for service use
until the manufacturer reduces the interference to the receiver in the key up
positicnu This was accemplished in the transmitter under test Ly by-passing
the side tene terminal with a C.05 afd. condenser.

(b) That the followyng con
for future equmpmcnt ef & similsr na

sideraticng be given to the requirements
ure.

1'1' }“‘

(&) Key in the primary cf the
mercury type rectifier tube

“la-



{c)

(d)

(e)

Incresse the contect pressure of all relay contacts
¢ a minimum of 3 oz. per contact per 0.l sq.in. cf
contact cross section.

ot

Operate relsys from uni-directiocnal current instead
of from the 80C cycle supply.

Provide means cof eliminating or of nullifying the
receiver r.f. pick-up in the key dowm positicn.
This should be done by a method which will largely
suppress the key clicks at the sawe time.

Use high vecuum type rectifier tubes if at zll prac-

tical,

<P



MATERTAL UNDMR TEST

s

h.-
fi

A The tests covered in this report were made on a Model GO transmit-
ter, Serial No. 33, manufaciured by the Hygrade Sylvenis Corporaticn under
Contract 3210%. single complete equipmenit consicsts of:

Power Unit, Type CHS-23026.

High frequency transmitter unit, Type CHS-52020.
Intermediate frequency transmitter unit,

T_‘,"pe CHIJ’"’ )ACélo

d} Anterma reel, Type CHS-71001-4.

(e} Antevna nolght, Type CHS-710Q3,

(£} Telegraph key, Type CHS-26003-4.

Side tone connecting cord.
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METHCD OF TEST

50 It was possible to determine by inspection, compliance or non-
complisnce with most of the recommendations made in paragraph 29 of reference
{v). For convenience, these recommendaticns ere repeated herewith.

(1) Reduce the freguency drift cn the intermediate frequencies.

(2) Provide sufficient insulaticn on the power transformer terminal
beard te prevent arcing at altitudes up to 17,500 feet.

(3} Provide a safety gap on the power transformer.

(4) Ground one side of the A.C. lire.

{5) Provide s radio frequency by-pass across the power transfermer
primary.

(6) Shield the relay coils.

(7) Shield the key lead.

(8) Change the vacuum tube socketis to correspond to the sarple sub-
nitted by the contractor.

{9) Provide a stronger shock mounting on the top of the units.

(10) Provide a coupling for the shock mountings so that the removable
pertion may be secured in plece before mounting the transmitter.

{11) Replzce the present type filament rheostat with a more rugged
type, such as the "Chmite".

{12) Cut down the size of the tuning knobs on all control cranks.

{13) Provide identification markings to distinguish between the tuning
knob sndé the lcck cn centrols "C" and "EY of the internediate
frequency unit.

(1) Shorten the pointers on controls "A", "C", "D", and "F".

(1%5) Remove the CFI binding posts.

(16) Provide an additionzl crcss member on the left side of the high
frequency transmitter frame and fssten the side to the cress
member by means of laiches.

(17) Use stronger isolentite supports for the intermediate frequency
cntenna loading coii.

{18) Reloc’ve o0il holes cn the tuning coil contact arms,

{19) Use flect washers under lock washers at all points where the
wire is bent around the screw for contuct.

(20) Use smeller nuts for securing the lztch studs.

(21) Increase the capacity of the high freguency antenns condenser
to eliainate the fixed perallel capacitor.



6. Those items reguiring verification by test were treated as followss

(a) The frequency drift measured at 355 kilocycles and 544 kilocycles for
1/2 hour on the intermediate frequencies was key locked, full power, by the
standard frequency equipment.

(b) An altitude flight was conducted up to 18,500 feet, reported ir ref-
erence {cj.

To Standerd laboratory type instruments were used throughout so far
as applicable. The photronic cell and lamp load employed to measure radio fre-
guency output from the transmitter constitutes one of the most accurate methcds
availeble st present to meke such measurements. A curve is made of the cur-
rents generated by a photronic cell due to the light excitaticn from known in-—
puts to an incendescent lamp, as measured by an accurate wattmeter from a 60
cycle source or by high grade d.c. meters from @ d.c. source. Corresponding
currents through the phoironic cell caused by radic frequency current through
the lamp is taken to indicate the equivalent energy dissipation by the lamp.

8. Output levels of noise from the receiver were measured by & Gen-
eral Radio output milliwattmeter. Care had to be used on all such noise level
tests to make sure the receiver was eccurately adjusted by the antenna capaci-
tor to maximun sensitivity for the antenna snd receiver conditicns obtaining
st the given time. Failure so to do gave wholly false resultes.

9. Deta for preporaticn of Plate 6, curves of operation of the recti-
fier, have been taken with a resistor lcad in order to permit the wide veria-
tion of values necessary to secure sufficient points teo plot accurately.

Since cnly the rectifier output is invelved, resistance loading is satisfac-
torv. Date of radio frequency perfcrmence on full, balf, and quarter power
at various frequencies were aiso teken. It is given as Table 6. Circuit
disgrams accompany the curves and data tables.

1G. A number of oscillograms show the current wave forms in different
parts of the circuit. The value and wave form of current flew through the
866 rectifier tubes were investigated especlally.

11 Much of the work cdone has been underteken as the result of dif-
ficulties arising during the flight tests, reference (c), and efforts to
find their cause and remedy.

12, A list of the instruments used includes prirncipally:

Fattmeter — Weston Model 310, Form 3, #5574
fattmeter - Weston Model 310, Form 1, #7934.
Voltmeter - Weston Model 341, #710.

Amneter - Westen Model 155, #28214.

Voitmeter - Westcn Model 45, #40640.

Millismmeter — Weston Model 1, #32195.

Output Power Meter - Genersl Radic Type 583-h, #67.

i

13. An especizl effort was made to simulate, so far as practicable,
sircraft conditions of grounding ty mounting both the transmitter and the
receiver with its battery and connecting cebles on a large copper ground

"



sheet with secldered grounding connections to transmitter and receiver. The
=
] enerator was fully shielded and carefully grounded to
or base and te the copper ground sheet.

DATA RECORDED

1. The date recorded during these itests includes
{a)} Messurement of the intermediate frequency drift, Plate 1.
{b} Reset dats tsken during the flight tests, reference (c),

‘_,}* r-{ ;H ‘-1nu~er "Feqlu.*sif

{c} Neise level measurements, Tables 1-4.
{d) Relay contsct pressure, reported under “Reaults“e
{e) Oscillograms of keying transients, Pla
{f} Oscillegrams at varicus places in the -OO cycle
circuits, Plates & to 11 inclusive.
{g} Curves of rectifier performance, P]a+e 6s
{h} Table of cverall performance, Table 6.
PROBALELE ERROES
L5, The probable errcrscf the varicus measurements are as follows:
{a} Freguency drift - +0.001%
{b} Input power - +1%
{e} D.C. voltage - +1/2%
{d} D.C. current - *1/2%
(e} £.C. voltage ~ 41%
{f; L.C. current - +1%
{g) Audic output ~ +10%
{h) Radic frequency output- +10%

ters (b} to (f) inclusive are standard Weston with & normal accuracy of

and 1/2%. This accuracy is probably not attained on the 80C cycle A.C.
znd pulsating D.C. measured, and slightly greater values of variation have
been noted above. Low accuracy attaches to the receiver output measurements
becauge of the instability of the signal level.

16 Intermedizte Frequency Drift. Plate 1 shows the results of
two 30-minute key locked, full power runs; the first at 355 kilocycles and the
second at 544 kilceycles. The maximum change at 355 kilccycles was 140
cycles, equal to 0.04% and at 544 kilccycles it was 327 cycles, equal to
0.06%, But if allowance is made for the four-minute pericd required for the
bimetsllic capecitor te become adjusted, the maximum frequency drift over the
27 minutes follewing is only 117 cycles, or .022%. Such & procedure is nec-
essary to make a fair comparison with the drift for 355 kilocycles, which
was teken after that on 544, kilccycles and before the ceoil system had time to
ccel fully. The specification lim3t is 0.05%. Frequency correction for temp-
erature change is obtained by & bimetellic capacitor so connected in the
master oscillator circuit as to offset freguency change in it due to variz-
tions of temperature.




24, Reset msasursments in flight, oa agraph 3-27(1) of referance
{d), are recorded in Table 5. In all cases excepi one they are well within
the specifisd reguirements.

25, Power Dutput. Power outputs are recordad in Table 5. Froam

this table it will bs noted that the measured power utgu*s are somewhat
b°f0w that requirsd by reference (d) and lower than ths tests of the prelim.
inary model, as “pmrl 2d in refereace (b). However, taking inte  account
a probeble error of #10%, these outputs are satisfactory. I‘ sho"Wﬁ furthsr
be noted thalt the measurced outputls are cuqsisteutlv lower than should be
expected from tnis transmitier.
26. Keying Relavs. ious difficulty is be sxpected from ser-

peratlon q” *hﬂ tarae xa"*nJ relays. These roleys use the 800 cycsle

o
" O

vige 2
51;?Ly tn energize the solenoids. In spite of a 0.55 mfd. capacitor ia
series with the key lead to give better solenoid aection, the pull is low,
Table 7 and Plate 3 give comparative values of contact pressure for differ-
ant {ypes of solenonid exeibation.

27 Arcing ocowrs across the haﬂd key contacts wnless a wide
spacing is used. Such arcing rsgsults in & chattering at the contacts of
the relays unull a definite circuilt bre k is made at kha hand key contacis.
The full line voltage used tends to accentuate such arcing and no capaci-
tor by-pass or other means 1s practiecable to supprass it because of the 300
vele freguency.

28, A farther factor unfavorable to good relay operation is
wide gap required on the antenna arms of the relays for dirsct break-in
Oga"augon to prﬁvblt danger of an arc back from the antenna ci t

the anteana relay in the key down position. This factor has the
ase of an extension arm to carry the contacts so as to get a multiplina-
“ion of the solenoid plunger travel, shich in turn rsduces the contact
prassure in the same ratio as the arm is extended.
29. The combination of low solennid pull inherent in the 800
syele power supply and the reduced contact pressure from use of an ex-
5l

.

tension arm, plus the arcing tendency at the hand key due Lo breaking
£ull line voltave, produces a very poor kKeying sy where a reliable
keying system is highly essential. 4 definite dcm nstration of the fail-
ure to make satisfactory contact has been obtained aumeronus times when
an gxcessive noise 1ﬂV91 from the receiver in the key down position was
found due to intermittent, imperfect conductivity on thz grounding con-
tact of the antenna relay. B&n increase of pressure applied to this con-
by a stick made a very great differeunce in the noiss level, Rugged,
iable construction and operaulon of the keying rslay is necassary o
e efficieatly the rest of the radio installation.

{.a
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30, Tests were made of the relay pull for wvarious types of
i l

power supply, as coverad by Table 7 and Plate 2, to secura comperavive

P PP Y 3

valae“ for 803 C;bll rectified 300 cyele znd D.O. exc1nat1 of the

rding valuss of contact

nimum value of 3 oz. per
15 racomnended

31, While data are not at hand rega:
pressure advisable, it would seem that a mi
contact per 1/10 sqg.in. is desirable and th

re

as the ninimum to be required in the futwr



32, The many advan ages of unidirectional current over A.C. for the
<citation of keying r=lays in the pull obt&*nabln and the ease of filtering
or reduction of key clicks renders 1ts use very desirable. Available power

i)

5@
s

sources for an airplane installation ars the nat ter" metallic rectifier from
the 800 cycle generzior and tube rec*1f1er from the ?OO cvcle generator. The
batiery source regquirss extra lﬁadu. Tha netallic rectifier i3 heavy and the
rechifier tube reguires a separate filament winding. Of the three, the battery
supply is most logical source. It requires oaly tne two extra leads. In case
it is essential to utilize the 800 cycle source, the tube rectifier seems less

objeciionable than the Weualllc ractifier unless a special lightweight unit
can be procurad.

330 Noise Level - Key Up for Receiving. Reference (c) reports in
raph 10 ‘that break-in recantion was found impossible. Numerous tests
such a conclusion. Tables 1 - 4 give some measured results and bear
her tests made with the phones only. Great variation occurs constantly
> noise onitput, but the consistent fact stands forth that break-in re-

n i3 not praab;cable with the conditions secured during the series of
here reported., For Table 1, the field lead was not shielded nor was
a filter battﬂr" connected to the exciter. Table 2 used another geaer-

1101 Hitq full shLeldnd lzads, control box, and battery filter, but the trans-
mitter and receiver were on wood supports. Table 3 is the same as Table 1
axeept that the =1pld leads are shielded and the filter battery connected

*ha exeitsr and Table 4 has the same conditions as for Table 1 with upeulal
aara taken to tune the receiver to maximun sensitivity.

34 In all four tables, Column A is the condition with the fllaments
of the transmititer tubss lighted but the plate switch off (primary of plats
rransformer open so that no voltage is appliad to the type 381664 rectifier
tubes)s Oolumn B is with the plate switch on and sending key up, which causes
he rach wacr tubes to operate through the bleeder resistor of 86,000 ohms,

=it current through the type 38160 tubes is blocked. This constitutes the

woemal rece'"lnc zondition; Column € is key down and side tone poteantiometer
~

n

rurned back to minimum; Column D is the same as Column C but with the side
tone turned on full.

35. Equally effective noise reduction was obtained by opening tne
ansformer secondary at the caps of the reetifier tubes as by opening the
mery of the transformer. Removing the receivsr antenna lead from the "re-

ve" post on ihe transmititer had very much the same effect as opening the
power transformer primary, Considerable pick-up vas securad on the rscelver
snterna lead by touching it to points on the transmibter frame, the signal
. o 2 (=

with distance from ths ground plate.

36. From thesc and other tests, the conclusion was furiner supporied
1t radio frequency from the rectifier tubses caused the interfersace. Fuss-
to all po oints of the transmitter by conductive and by Lapncétxv& effects,
RF voltbage is 'myr?ssna on the exposed parts of the receiver antenna
ankets any normal sxitsrnal signal in the key up position so long
er is func,lonlnga Sincz the biag system of keying is used,
fier tubes active continually ithrough the blesder to secure
: ion of tn° high voltage, thers is at 21l times, when the key is
up, a feed of radio frequency energy iato the receiver from tne +“anum1vt 3o
No method of sliminating this radio frequency fzed from the rectifier has b
found axcept that of stopping all current flow through the rectifisr tubes.

2an



The simplest means io this end is keying in the primary of the plate lrans-
F 3
10TH8er.

7 It is pertinent to note at this point that the Model 30 is the
only transmibter of the patrol plane class with bias keying. The Model GH,
Model GH-1, Model CI and Model JOvl all use keying in the primary of the plate
transformer. While this method sometimes causes lilt in the transmitted sig-
nal, on the other hand it definitely assurss reception free from transmitter
interference.

38. A further examination of Tables 1 to 4 shows a very high noise
evel for the key down position, which accounts in part for the lack of side
f~%

e reported in paragraph 22 of refersnce {c}. Another complication found
ater was a misconnection of the side tone potentiometsr which caused an open
with an apparent intermitten contact across the break. A great improvement
in the side tone was noticed when this potentiometer was replaced and properly
connected.

39, Mezsurement of the side tone voltage by a Weston HModel 341 volt-
mater, O - 30 range, having a resistance of 296 onms, taken directly across
the side tone terminals of the power transformer with the transmitter adjusted
on 4,000 kilocycles,gave the values of Table 8.

40. In order to utilize the sensitivity of present aircraft receiv-
ers, it would seem essential to keep the noise level in “he phones below a
value that dulls the sensitivity of the operator's ears. Since the sensitiv-
ity of the Model RU-2 and RU-3 receivers is so gresab, means should be incor-
pﬁratgd in such receivers or in the transaitter to nullify the radio frequency
receiver stages in *he key down position so that the receiver will be respon-

sive to RF excitation only in the key up position. Any such arrangement should
also be made %o reduce grezatly or to eliminate from the head phones the noise
of key clicks. The operator would then be able to utilize his full capabili-
ties for reception and with the minimum of discomfort. One possible method is
a relay in “he receiver system operated from the transmitter keying systeam to
open “he plate supply to the radio frequency tubes in the transmitter key dowm
positions
£%; 800 Cycle Voltage Input. Paragraph 13 of reference (c) states

that a htcadv voltage of 120 was delivered by the generator to the transmit-
ter and paragraph 26(a) recommends an increase in value of the power factor
sorrecting capacitor. The Sylvania instruction book lists the input voltage
s 130 for all their type performance and tuning data. Bench tests on set
#33 indicate that an even higher voltage, as 135, is desirable for good output.
The higher input voltage also gives better operation of the transaitter. With
l?O volts input or greater, the 11 =fds. in the power factor correcting capac-
itor has been found adeguate on all bnnch tests to give good filament regula-
tion.

L2, Since the filter battery with control box tends to keep the gen-
arator voltage at a normal value of 120, it would ssem advisablie for the Model
30 installations to utilize some method which will maintain the voltage from
the generator to the trunsmitter at 130 volts or slightly higher or else to
modify the plate transformers for the lower inpubt voltage. Otherwise the ocutb-
put will be low necessarily and operation tend io be unsatisfactory, as re-
ported in refsrence (c).

e



43, Recvifier Tubes. Substitution of the high vacunm 'Tpe of recti-
fier tubes for the mercury type of rectifier tubes is desirable in future equip-
ment., The inherent gqualitie

ualities of the mercury type which set up radio frequency
scillations in the rectifier circuit are a great disadvantage where receiving
and transmitiing means are so closely associated as is necessary in airplanes.

Lhyo Oscillogrqggg A group of oscillograms taken to determine accur—
ately conditions in wvarious parts of the circuit are shown on Plates 8 to 11
_ac‘uulvea Plats 3 gives the cirenit diagrams. An "X" indicates the part of
the circuit where the oscillogram was taken. Table 9 gives the generator cur-
rent, voltage and power for each oscillogram and the rectifier voltage across
the load. The peak value of current recorded on the oscillogram is stated in
the column marked "Peak Amps'",

45, Plate 8 was taken at point "D" of Plate 3 to determine the wave
form and maximum vslue of the current through the type 38156A rectifier tubes
for ”pgular operating conditions. This is with the condenser connection to
peint "Q", forming an inductive [filter so as to put a definite limit on the
eak curreat through the tube which can be drawn by the filter capacitor.

VAR The records of Plate 8 are directly comparative. They show the
affect of varied power input to the plate transformer. Film #24 is full pow-
er, film 1B is half power, and film 1C is for quarter power output from the
transmitter. Plate 9, films 2B and 2C show the effect of changing the filter
capacitor connection to "P¥, thus converting the filter %o the capacitor type.
This coansction gives better power output from the rectifier and from the itrans-
mitter at the cost of a higher peak current through the tubes. Although the
oscillograms show that a higher peak occurred at half power than at full power,
being 0033 and 0,32 amps. respectively, it is to be noted that neither value
approaches the maximum pe2ak rating of the type 381664 tube, which is 0.600 amp.
The higher pesk at half power than at full power results from the effzct of
directly charging the filter capacitor without the limiting effesct of the choke
ori the initisl surge of current.

47 Plate 9, film 34, is similar to Plate 8 except that the filter
condenser was open—circuited so as to get the ICH condition of operation.

48, Plates 8 and 2 were taken with s resistor load s0 as to make it
pessible to ground the rectifier cirecuit at "D". This was necessary to pro-
tect the Oqullngdph elements.

49, Plates 10 and 11, films 30, 4A and /B were taken at points "A",
"B* gnd "C" respectively, of Plate 3, with noramsl transmitter loadiag at
3,000 kes. to show the characteristics of and differences in the current form
at thesa three points. This is the normal coannection of the transmitter.

50, Plate 11, film GA, is the MCW condition existing at "B" of Plate
3s securad by opening the circuit of the filter capacitor.

5L The straight line projection below the zero line on all films
veken at "o of Plate 8 is not definitely undersiood. It is believed to show
the high frequency transient of the 3265 tubes rataer than a reversal of power
current from the transformer.

-9



520 Plate 5 is an elementary diagram of the Model GO transmitter to
show how measurements were made of voltage surges superimposed on the recti-
fier D.C. output caused by keying and by closing the primary of the rectifier
{plate) transformer. A high value non-inductive resistance Rl;, R2 is connected
from the plus D.C. high voltage to ground so as to receive the same instanten-
eous potentials as are applied to the filter capacitor and to the plates of the
transmitter tubes. Taps are taken to the cathode ray plates across R2 of such
value as to give a satisfactory deflection on the cathode ray tubs. Any varia-
tion of potentizl impressed across Rl, R2 is then reproduced exactly across
R2 and recorded on the cathode ray tube.

53, Three transients were observed: (A) when the plate switch was
closed energizing the rectifier from a dead condition, (B) when the transmit-
ting key was closed (key down), allowing plate current to flow through the
transaitter tubes, and (C) when the transmitting key was opened (key up),
blocking off plate current through the transmitter tubes. The transmitter
was adjusted to 8,000 kilncycles and full power. The voltage across Rl, R2
measured 2600 key up and 2200 key down.

54, & graph of the key down transient traced by eye is reproduced in
Piate 5. It was taken with care and represents generally the conditions ob-
taining. The key up traansient was of much less amplitude, estimatad at 400
volts above the key down position, giving a total voltage of 2600 for it.
in amplitude about equal to or slightly greater than that for key dowm was
observed when the "Plate On" switch was closed. This latter was especially

3.

1ifficult to estimate accurately.

ansizsnts taken with

59, Plate 7 gives photographs of these three tr
les.

the transmitter adjusted to full power on 4000 kilocye

Input from generator - 660 watts
Generator volts - 130

R.F. output 118 watts
Plate volts key up - 2500
Plate wolts key dowan — 2050

Measured values of the transients from Plate 7 are:

]

Key down -~ 910 volts above key dowm position or 2050 + 910
2960 volts above zero.

Key up - 910 volis above key down position or 2050 + 910
2960 volts above zero.

Plate on ~ 3600 volts above zero.

5his Although rather poor sgreement exists belween the observed values
and photographed values for the transients, it is certain that traansients do
exist which impress momentary voltages on the high woltage D.C. plate supply
network far exceeding the normal stsady plate potentials.

57 Table 6, in connection with Plate 4, records data of current,
voltage, and power in the input and output circuits for 1/4, 1/2, and full
power at six represeantative freguencies covering the high and intermediate
freguency bands.

o [



58. The meter marked "I" is the "Plate Current" meter on the trans-
mitter power unit. It reads higher than "A2" because the former includes the
grid current in addition to the plate and screen grid currents, while "A2"

L

measures only the high voltage current from the rectifier.

59. Performance of Generator and Power Unit. Plate 6 shows in the
form of various curves the performance of the generator and power unit when
the rectifier is loaded by a resistance and the generator voltage held con-
stant,

60, In connection with the divergence between V1, the generator
voltage, and V2, the input voltage to the plate transformer, it is interest-
ing to note that the normal rating of the plate transformer is 125 volts, as
given in reference (e). With a genmerator voltage of 120, the value to be
expected for a standard airplane installation with voltage control box and
filter battery, the voltage at the transformer for full power is likely to be
less than 110, resulting in low transmitter output. That is equivalenti to
substitution of & smaller and less efficient transmititer for the Model GO
without reduction of weight or other gain. Attention is invited to the trans-
former input voltages of Table 6 in this regard.

CONCLUSIONS

61. The changes recommended in reference (b) have been met satis-
factorily.

62 Performance of Model GO transmitter, Serial No. 33, as detsr-

mined by the Naval Air Station, Anacostia, in flight tests, reference (e},
and by bench tests at this Laboratory is not satisfzctory for service use.

63. The noise level in the head phones for both key up and key
dovm positions is generally excessive when listening with a Model RU-Z re-
ceiver adjusted to maximum gain and sensitivity for the particular antenna
conditions,

noise level in the key up position are

64 Means to reduce the
ak—in operation when using the same antenna

essantial for satisfactory bre
for traansmitting and receiviag.

65. Better relay scition is desirable. The 800 cycle supply does
not appear desirable for energizing the relay solenoids.

66, A reduction of the noise level in the key down position is de-
sirable,

657, Satisfactory rated output from the transaitter requires a
voltage of 130 from the 800 cycle generator, whereas the normal supply for
an airplsne installation is 120 volts,

68, The regulation of the power supply is not as good as that of
& i~ HEE T =)

the preliminary models, which results in somewhat rednced transmitter out-

put,

63, Evidence of poor workmsnship was found in that the side tone
potentiometer was incorrectly wired into the circuit and damaged. This

-11-



conditicn was partly responsible for poor side tone, as reported in paragraph
22 cof reference (c).

70. Reset sccuracy is good.
7. The MC# and CW ncte is gcod.
78 In genersi, the equipment is well constructed and rugged.



TABLE 5.

Reset Measurements in Flight.

Assigned Original
_Freq. Setting Reset % Change
355 kes. 356.402 356.549 +0.04
544, 542.186 542,233 +0.009
4135 AL34.75 4134.81 +0.0014
8270 8279.32 8268.45 -0.131

12705 12704.02 12698.475 -0.043
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TABLE 7.

Contact Pressure of Relays.

A

Solenoid excitation

Current for one relay coil

Pull at & of Plate 2
Pull st B of PFlate 2

800 c¢ycle 130 velts
93{} an;pe
3 oz.

2-1/2 oz.

- ! 3
Meximum pressure per contact 1-1/4 oz.

B

Solencid excitation

Input to rectex

Rectox output key up
. ad " dowm

Rectified 800 cycle using Reost—
inghouse rectox unit style
#575587A

10 velts from filament supply
of 860 tutes

9-1// volts by d.c. meter
6 velts 1.7 amp. by d.c. meters

Current for one relay coil .85 amps,
Pull at A of Plate 2 2-1/2 oz.
Pull at B of Flate 2 7-3/4 oz.
Pressure per contact 3-7/8 oz.
C
Sclenoid excitation Storage Battery
Amps. for Pull Pull Pressure
Velts Cne coil _at & _at B per ccntact
1.G5 w27 2.5 0z, 2 oz, 1 oz.
3.95 576 7 5-3/4 2-7/8
5.8 .83 9 7-1/2 3-3/4
TABLE 8.
Side Tcne Veltages
Primery Voltis ___Power Switch Position Key up _Key doun
130 /2 14.C volts 13.2 volts
130 1/2 8.5 " 17.3 ™
130 Full 2.3 ¥ 245 "



TABLE 9.

Oscillcegram Dats

Plate _____ Generator Power Peak
Flate __Velts Volte Ampg. Watls Switch  Fig, ANpS,
Plate 8, 2200 130 4.9 595 Full 2-Q o 24,
Film 24
Plate 8, 153C 127 2. 350 1/2 2-Q .16
Film 1B
Plate 8, 1160 127 2.0 250 74 2-G Az
Film 1C ,
Plate 9, 1960 129 3.7 470 1/2 2-P .33
Film 2B
Plate 9, 2540 140 5.95 710 Full 2-P -32
Film 2C
Plate G, 129 4 .65 570 Full 2-G .23
Film 34
Plate 10, 2050 130 5.45 640 Full 3(4a) 33
Film 3C
- Plate 10, 2050 130 Full 3(B) 24
Film 44
Plate 11, 2050 130 5,48 640 Full 3(c) J1
Film 4B
Plate 11, 1970 13C 5424 610 Full 3(RB) .28

Film 6A.
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AUTHORIZATION

¥ The t2sts reportasd herein were coanducted 1ndrr authority of Bulero
itr, her-B-31-FiM, F42-1, F1-5{1) of 27 Nov., 1934, in accordance with the
procedure oltljned i 17 N

Ay

e » -
n Suling. ltr. F4i2- 1fll -8-173) OL
2

Jov., 1934, and in
rocadure suggested by NRL under Appe

conformity with the ndix {A) herein.

OBJECT QF TEST

1U.

ct of these tests was to detsraine from examination, installa-
tion, and actual flight operation, the relative sultability of the model "GO"
eguipment for service use aboard Naval aircraft, and to indicate its compli-
ance with certain reguirements of the governing specifications.

REFIRENGES:
3. The following references (a) and (b) served as guldes in conducting

the tests hersin reported; references (c) to {f) constitute supplementary in-
formation referred to in this report.

{a) NRL Memorandum F42-1/52 HRM/ts to NAS Anacostia, dated 8 January
1935, relative to test of model "GO" equipment, included as
Appendix (4) herewith.

{b) Instruction book for model "GO" radio transmitting eguipment,
supnliied by Hygrade-Sylvunia Corporation under Bureau Reg.
278-13%2, Cont. 32109, dated 30 June 1933.

NAS Anacostia report RT-2 on dModel "LJI" frequency indiecator,
dated 12 February 1935.

o
o
B

(d) BuBng. ltr. $67/74 {1-25-%3) to C.0., NAS, Anacostia, dated 29
Jan., 1935, with attached memorandum report on conference on
"LI-1" equipment, 24 Jan., 1935.

{e) N4S Anacostia ltr. F42-1(21)/Ni5 of 10 Jan., 1935, to the Chief
of Bulero, regarding initial tests of type NEA-14 generator with
type NF-1 regulator-filter box.

(£) NAS Anacostia ltr. F42-1/52/N45 of 7 Feb. 1935, to Diree
NRL, regarding suggested improvement in side tone circui
model "GO" transmitter.

+5
wd )
t of

4. The model GO equipment (Serial No. 33) was delivered to the NAS Ana-
tia by a representative of the N.R.L. on 3 January, 1935. It was installed
ather with an RU-2 receiver and other incidental nqu*pmeqt in XRE-1 Ballanca
cabin plune, No. 8938 on 7 Jenuary, 1935; this installation is shown in plate
1, herewith. Flight tests were made from 10 January to 30 January, 13335, on
seven different flights aggregating spproximately 128 hours. During a majority
of these tests, two-way radio contaci was maintained with the Naval Research

.,

aboratory which direcied the tests and made measurementis and observations from

-
Loy

-y

o8
ra
ot
-1

ao

l:"{

B



NASA Report RT-2
the ground. The GO egquipment was examined and bench tested at Anacostiz be-
tween some of the flights and after their final completion, and was returaned
to the Naval Research Laboratory on 1 February 19335.

5. In addition to observation of items (a) to {f) &s requested by NRL
under Appendix (A) herewith, particular attention was paid to determine the
following points:

(g) Operation in conjunction with model NEA-la generator power
supply and proposed model NF-1 regulator-filter unit.

(h) General adjustments in flight, with various lengths of antenna.

(i) Frequency adjustment and resetability in conjunction with both
the model LJ and preliminary model LJ-1 frequency indicating
equipments.

(j) Observation of transmitter side tonme.

EQUIPMENT UNDER TEST:

6. The equipment tested was a model GO radio transmitting equipment,
serial No. 33, manufectured by the Hygrade-Sylvania Corporation (Electronizs
Department) of Clifton, N.J. under Bureau Requisition 278-13X2, contract
32109, dated 30 June, 1933. The equipment as received counsisted of the fol-
lowing major units:

{a) Power unit, type CHS 23026.

(b) High frequency transmitter unit, type CHS 52020.

(¢) Intermediate frequency transmitter unit, type CHS 52021.
(d) Antenns reel, type CHS 71001-A.

(e) Antenna weight, type CHS 71003.

(f) Telegraph key, type CHS 26003-A.

(g) Side tone connecting cord with plugs.

(h) Four vacuunm tubes, type 38160.

(i) Two mercury vapor rcctifier tubes, type 33156-A.

(j) Two heater units for type 38166-i tubes.

7. The GO transmitting equipment is designed to deliver 100 watts of tele-
graphically keyed energy, either by substantially unmodulated CW or modulated
about 20 per cent at 1600 cycles, at a frequency from 300 to 600 kcs., and from
4,000 to 13,575 kcs., into a trailing antenna 125 to 500 feet in length. It is

intended mainly for class VP airplanes as a successor to model GH and GI equip-

—d—



NASA Report RT-3.

ments, The 0D equinment uses a rectifisr and power supply unit designed for
normal 800 cycle Apvlatlon from z type NBEA-1 or NEA-14 generator. Like the

GH equipment, the GO is provided on either side of the power wunit with a self-
contained *ad‘O traasmitter, one for the high and one for the intermediate fre-
uency band.

FLISHT TESTS #ND RESULTS:

8., Tests and results described from (a) to (f) hereunder refer to the
PorraupOlenglr lettered subparagraphs in ref.(a) (Appendix A herewith); items
{g) to (j) refer to additional observations listed in paragraph 5 of this re-
port.

9. Altitude tests up to 18,500 feet failed to produce electrical break-
dovn or flash-over snywhere in the equipment; full-power opseration and output
on hoth intermediate and high frequencies was unimpaired at any altitude within
this range.

(b) Bresk-in Reception:

10, Transmitter operation interfered with proper reception in zll fre-
quency bands so that bresk-in operation was impossible except on very strong
incoming signzls. Use of a separate fixed anteana for reception only, with
conmecting leads kept well away from the transmitter, enabled break-in recep-
tion of moderately strong signals at frequanczes appreciably removed from the
transmitter frequency. Even with the antennz coannection completely removed
the binding post on the recziver and the side-tone connecticn to the transait-
ter discoanected, transzission on 565 kcs. gave & strong mushy sigral measur-
ing 3 to 4 velts from the receiver tuned to 524 kes. and sdjusted for full
Fein.

11. Reception witk the transmiiter shut ”f was normal except for occo-

cional noises due to chatter of the bresk-in relay under hezvy vibration;
more ready means for adjusting the reley tension appear Cesirable. Rhen the
rpn+1f3e* plate supply was turned on (both "Power" ond "Flate" ewitches closed),

o disturbing mushy ncise waes produced in the receiver if aﬁ'-"+od at or near
111 gain. Electrical shielding and filtering of the side-lone conneciter cable
7E ﬁnlv negligible improvement; use of a sepureie izaed sntenna for recep-
tion, without passing near the transmitter, recduced the disturbence consideraliy
The following receiver noise level messurements were obtained in flight, meas-
ured at full gain zcross two 600 ohm headsets in puarallel.

Freg. Receiving Ncise Plate
Keg. ... Antenna e IORRE e, DUDRE,
530 Trsiling, through trans, 5.1 ON
530 Trailing, through trens. 2.0 OFF
2 Separate fized 1.0 ON
Trailing, through trans. 3.2 ON
Trsiling, through trans. 0.9 OFF
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by the high {recuency

Ly
mitter on Fow Bt aot 2 traced to the master oscillator
tubhe whiek %‘U & =-~x:*r SRpLoT .* 1wal carbon anade and an e?ﬁe:sively long
8 & o

this ftube
conmection

nnection 3 in T r-h*n} rrl

,ypu:tec
with & hﬁ

; 7 ibration. Tapping or pressing upon

tulkbe frecuency u ight had no noticeatlie upon
the emitted signal. ied ground ot ions on the qual'uy c? gnals Lrans
mitted by the airplare were made by La

d) Voitege Regulation:

13. Used hoth with the NEA-1 =znd the NEA-14 generztor the {series) ceompsen-
z condenser capecitanece Dra“ldeu in the power unit was not quite sufficlent
at its meximum v‘1uv, so that the &.C. line voltage rose hy two or three

ng the key. The NEA-14 generator &oreCi¢¢1y funecticned very
the equipment, delivering practically a steady A.C. line veli-
]

F

_ teady engire speeds between 1600 and 1950 r.p.m. However,
. in engine speed during full electrical lcad were found to cuuse
ntary iﬁﬁtuuilitv of vcltage. Thus, a sudden spurt from 170C to 1950 r.p.m.

ueed the line veoltage te drep from 120 to 90 velts for 3 or 4 seconds. OSpeed-
the engine from 1700 to 1820 r.p.m. while holding down the transmitter key
ea bte vvltarp to ¢rnp mementarily from 126 to 1145 velts. All foregeoing
: clative only and mey be in error by five to ten per cent,
ing Instrument uultcdle for fiight use and calibrated on
cy and wave form was avellable.

s.‘:—rurv cha: ge

b T e

E“‘ (

{e} Shoek Suspension:

1/. Both the upper end lower shock mounting unite appeared sutisfaciory
and prctect G the equipment from wndue vibraticn and mPCECPicfl injury both
during rormal ions in flight and during teke-coff, landing, and taxi
ing on the fa‘ai:‘ly rongh 1d.

{f} Resetability:
At b ~ 1

h-frequency unit was somewhal impzired by an
er coupling and P.A. plate tuning, s

15, Ress

e s
1‘54(, t‘a"‘ ‘L/".r D‘" TICEY

e )

ibed in paragraph 17 pended upon any limitations of the fre-
¥ y indieator &H;}.\I.C}}T(.'-"‘ {se ax ur*raLIF 21)., Detailed frequency measurements
in cornecticn with reset ture drift were sede by the MNaval Resesrch

Latoratory.

n‘"f'\ﬂ 51]#1" %

16. The HEA-
GO eqguipument, with
1imirary model
orily and in fligh
sturbance effect
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(n) Flight Tuning Adjustaments:

17. Tuning adjustments of the intermediats-fraguency poriion of the GO
equipment in flight werc made without undue difficulty; adjustments of the
™

high-frz uency transmitter unit, however, were found % w be not only very
‘eritical, but also in conflict with the simple orﬁccdu set forth in the in-
struction book ref. (b), and were further complicated by éllngical dial gradua-
tion and by mechsnical defects in the adjusting mechanisa.

18, Tae high-fraquency basnd switch ddj ustment "A" had to be adjusted
with care to the proper position as it lacked desirable end stops and the
Welicker" detent action was too weak to insure satisfactory positioning. An-
tenaa coupling control "D® in tha high-freguency unit developed excessive
shaft friction with binding and cutting which impaired facility of operation;
the fact that this control is graduated to read 100 at minimum and O at maxi-
aum {capacitive) coupling will be a source of confusion in service, as will
the counter mechanism of the antenna loading control which indicates & high

valus for no loading and zero for maximum finductive) loading. Excessive fric-
tion and binding also developed in the antenna loading mechanism.
19. The high-frequency tuning procedure designated by the iastruc-

tion book was found inadeguate on short antennas and entirely unworkable on
antennas of three-quarter wavelength or longer. The chief difficulty consisted
of undue reaction upon tae P.A, plate tuning adjustment by chenges in the
length, tuning, and coupling of the antemna; the value of antenna coupling
also was found critical for any given antenna. Setting of the antenna tuning
adjustment to a position giving peak plate curreat repeatedly failed to give an
audible signal at a faw miles distance; the peak was found %o be due to de-tun-
ing of the P.A. stage by antenna reaction. PrOper output was obtained only
after repeated prograssive readjustment of P.A., tuning, antenna tuning (or
length), and antenna coupling. When nsking initial antenna tuning adjustments
on one-guarter power as recommended in the instruction book, frequently no reso-
nance indication whatever was obtained, and tae use of at least half power on
the higher frequencies was found nzcessury.

20. In view of the high-range (0-5 amp.) antenna ammeter used in the
high frequency unit and the small currents obtained in transaission witn anten-
nas more than one-guarter wave in length, tais meter was generally of no aid in

itial antenna adjustments to the vicinity of the resonance point. The typ-
al performence data given in the instruction book for adjustments of the H.¥F.
ans m1t+er uﬂit, at five out of nine different frequencies show the full power
ntenna current to be less then 0.2 amperes, a value insufficient to give
oticeable deflection on ths meter used.

(i} Tuning in Conjunction with Model LJ and IJ-1 Zquipmenis:

2L, Frequeacy settings of the GO equipment with aid of the LJ-1 fre-
guency indicator wers readily perpormed in flizht. Whsn using the model LJ
equipment, however, certain difficulties were encountersd as reported in NASE
Report 3T-2, ref.(c). The model GO equipment, even before resonating of the
P.A, stage, provided sufficient electrical field for pick-up and measurement
with either type of frequency indicator.

Y,



i o : NASL Report RT-3
(j) Transaitter Side Tone P

22, The transmitter side tone, with the receiver turned OFF, could be
varied from O to 8 5 volts, A.C., across three pairs of 600 ohm phones con-
nected in parsllel. With the receiver operative, however, the side tone was
audidle only at its maximum setting {entirely too strong for operating com-
fort), and at all other settings (except zero) was replaced by a disagrzeable
very strong "mush". While the model GO equipment was not available to this
station sufficiently long to conduct experiments toward improvement of tae
side tone and associated noise level, it appears that these conditions nay be
greatly improved by substitution of a side uon@ adjusting potentiomeinr of
low resistance, as suggested by this station iIn ref ().

CONCLUSIONS AND RECOMMENDATIONS:

23. The following changes are considered necessary for suitable ser-
vice performance of the model GO equipment:

{(a}) ©

(b) Revision of the high-freguency tuning instruciions, and cor-
rection of a great number of proof-reading errors in the
instruction book.

24, For service installation and operation of the model GO equipments
the following recommendations sre made:

(a) A separate fixed receiving antenna may have to be provided for
break-in reception; the need for this can be determined by tests
aboard a ciass VP plaane after the difficulties with the side
tone have been remedied.

(b) Operating units should bs cautioned to maintain all control
shafts and mechsaism in a properly lubricated condition.

(:-'

25. 1t is recommended thzt sultable double-scale antenna azmeiers be
issued, when and if they bscome available. Such meters are now in proce
of development, incorporating @n internal push-button switch to comnect t
sensitive range. Their use will enable antenna curreats in normal Operg*i on
on harmonics of the trailing anteana to be read with accuracy, without sac-
rificing ability to measure the comparatively large currents obtained on
fixed antennas.

Ui

26, Further desirable changes in the model Y0 equipment ares

(a) Increase in the meximum value of the power factor correcting
capacitor.

(b) Provision of tension adjustment on bresk-in relays.

(¢) More explicit marking of the functions and direction of control
of external adjustments.

27. In generzl, tais stution considers
ment an improvement over previous equipmente
t capable of satisfactory service use afte
and the operating personnel has bscoie prof
ion. -8

the model GO transaitting egquip-
for patrol plaﬂoa, and believes

2 anor defects have been remedied
icieat in its adjustnment and opera-

@b
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Appendix to NASA Report RT-3.
F42-1752 HRM/ t3
NAVAL PESEARCH LABORATORY
inscostia Station,
Washington, D.C.

8 January, 1935.

MEMQ FOR NAVAL AIR STATION, Anacostla, D.G.
Subject: Test of Model GO Eguipment.

1. Durinz your flight test of tne model GO Transaitter Equipmeat,
nlease observe the following:

(a) Watch for failure of the plate transformer by arcing or shorting
seross tae high voltage iferminals at altitudes up to 17,500 feet.

(b) Note character and intﬂﬂbitf of interference with reception due
to transmitter noises at 355, 450 and 620 kec. on the IF unit and at 4200,
2000, and 12000 ke. in tae HF unit. Report on ability to copy tarough w@with
normal break—in operation and the comperison of reception with the transmit-
ter dead.

(¢} Note any modulation due to plane vibration which reacts on fre-
que:cr stability to give s bad note. This appliss particularly to the high
quencies, caused by vibration of the side of the HF unit.

(d) Note voltage regulation under load to determine if norual output
is being obtained from the generator.

{e) Note whether the transmitter upper shock mountings are adequate
to hold the transmitter satisfactorily in all positions of the plane.

f) Check resetability in accordance with instructions given during
(=] o]

flight.

Appendix A.
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