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JUSHORIZATION OF TEST

1. The tests herein reported were sutborized by ref.(a). Other
pertinent ¢astaare listed as references (b) to (q) inclusive.

Reference: (a)

OBRJECT OF TEST

(b)
(e)
(a)
(e)
(£)
(e)
(h)
(1)

(3
(x)
(1)

(m)
(n)
(o)

(p)
(q)

BuBng let.NOs-38614(5-9-W8) of 17 May 1935.

Specifications RE 13A 497A.

Specifications RE 13A 442D,

Contract NOs-38614 of August 3, 1934.

Westinghouse Co.Descriptive Specs.R-816.

Festinghouse Co.Descriptive Specs.R-770.

Westinghouse Co.Type Test Data, H.F.Unit.

Westinghouse Co.Type Test Data, I.F.Unit.

flestinghouse Co.let.lG-17535 NOs-38614 of
9 Jan.1935 to Bulfng.

Sub Contractor's description of speech
squipment. (1-30-35)

Westinghouse Co.let.of May 15, 1935, to
INM, Hartford.

INM, Hartford, let.to BuEnrg, L5-1(N0s-38614)
(256) NIRA, L5-1{N0s-36091)(511) NIRA of
31 Hay 1935,

BuEng let.N0s-38614(5-9-W8) of 26 June 1935
to NRL.

INM Hartford let.L5-1{NOs-38614)(251)NIRA,
L5-1(N0s-36091) (582)NIRA of 19 Jme to BuEng.

Westinghouse let.of 10 June 1935 to IN¥,Hartlord.

BuBng let.S67/49(7-27-H8) of 30 July 1935

BuEng let.NOs-38614(7-15-F8) of 31 July 1935,

2. The object of tae tests was to determine the following:

(a) The actual performance of the equipment with
respect to contrazct requirements.

(b) Any departures from contract requirements.

{c) The nature of changes necessary to correct any
departures from contract requirements.

(d) Recommendations regarding possible improvemeats
considered necessary to meet service requirements.

{e) Recommendations regarding desirable improvements

for service use,

{(£) Recommendations regarding future specifications,
particularly concerning telephone features.
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ABSTRACT OF TESTS

3. The tests herein reported were corducted to determine the degree
of compliance of the Model TAN-2 transmitting equipment (preliminary model)
mith the mechanical and electrical requirements set forth in refs. (b), (c),
and (d). Specifically, tests were conducted to determins the followings

(a) Ability to withstand shipment.

(b) Check of mechanical or physical construction and assembly;
general workmanship; materials used; corrosion resisting
measures and adequacy of electrical circuits.

{c) Power output; power input; overall efficiency and flexibility
of antenna coupling circuits.

(d) Quality of emitted signals; 1ilt; undesirable modulation;
key clicks; keying speeds and bresk-in operatisn.

{e) Check of dimensions and weight.

(£} Determination of cycles per division of tuning over range
of master oscillator circuits,

Eg) Check of temperature control circuitis.

h) Check of protective circuits.

{i) Determination of frequency of modulation, percentage of
modulation and power output while operating MCW.

{37 Frequency stability and accuracy under following
conditionss

(1) Xey locked.

(2) Intermittent keying.

(3) Reset accuracy and beck-lash.

(4) Variation of supply line voltage.

(5) Variations in ambient temperature and humidity.
(6) Variation in antenna constants.

(7; Detuning of amplifier stages.

28 Change of vacuum tubes.,

9) Effect of Adjust-Tune-Operate control.
EID) Effect of vibration and roll or pitch.
11) Effect of shock simulating gun firs,
(12) EBEffect of power output control.

(k) Rectifier wunits determination of efficiency of conver-
sionj; voltage regulation and percentage and freguency
of ripple voltsge.

(1) Effect of short-circuiting and open-circuiting the
antenna sysitem,

(m) Effect of grounding any one phase of the supply
circuit,

(n) Degree of interference caused by mercury vapor
rectifiers in nearby receivars.

{o) Check of telephone equipment to determine dis-
tartion; frequency response; percentage modu-
lation and the general action of the speech
input equipment.
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conclusiong
(a) The external appearance of the equipment 1s excellent; the con-
sools are rugged and well located and the accessibility provided is as
orout as the limiting conditions permit, The internal wiring is orderly
an of good quality, securely held in place and protected where necessary.
The component parts comprising the various assemblies are arranged and
jocated with a view of effecting economy in space, orderly appearance and
yet permit as great accessibility for serviceing operations as possible. In
general, tne assemblies reflect engineering skill, good design, good work-
panship, and efforts to comply with the requirements of Navy specifications,

(b) PBEoth transmitting units produce the required amount or more than
the required power output except in the region of 300 to 500 kilocycles, when
employing the restricted antenna constants required by Navy conditions. The
tuming adjustments are simple and direct and flexible antenna coupling cir-
cuits have been provided.

(¢) No major operational failures occurred during the course of ex-
tensive tests. Certaln difficulties were encountered from which it is con-
cluded that further attention is required io provide a power amplifier choke
for the intermediate frequency unit which will withstand continuous opera-
tion at all frequencies within the range of the transmitter without over.-
heating and that the design of the 800 cycle audio oscillator circuit in the
intermediate frequency umit should be amended to prevent overheating.

(d) With respect to the speech input equipment and voice operation the
tests showed that the microphone circuits require "certain modifications if
more naturel and desirable qualities of speech are to be retained. The
present circuits produce understandable speech but a distinet difference is
notad between tiae microphone circuits supplied in the modulator unit and
the microphone circults incorporated in the master monitor, station control,
and station extension units, the former circuit producing the better quality.
The results of tests indicate that the carbon button type of microphone is
more suitable for use with this equipment than the sound power type of
microphone,

(e) The modulation meters provided for monitoring the eguipment are
capable of accurate indications but are subject to fallure from several
causes. These conditions must be overcome before the modulation meter can
be considered satisfactory for service use. In addition, precautions must
bs taken and means provided to prevent arc overs occurring within the
transmitter when high level modulation is being used.

(f) The speech input circuits have been provided with exceedingly
flexible controls which appear adequate for coping with all normal condi.-
tions of operation. Precautions must be observed, however, that reasonable
Vvoice levels are maintained at the various points of control since more
than one operator may be employing the same speech channelj that the micro-
phones are not subjected to prohibitive noise levels, particularly when
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yoice control of the carrier is being used and that all operators and ob-
gervers endeavor to adjust themselves to the levels of speech and hearing
got by the master control operator in order io minimize the difficulties
resulting from the variations between individual characteristics of speech

ﬂ.ﬂd hearin Ego

(g) From observing the operation of this type of equipment it is evi-
dent that certain methods of operation and policy which are not necessary
in connection with CW operation will have to be formulated and observed in
order to maintain the equipment et a high state of efficiency. Abnormal
overloading of circuits must be avoided, proper modulation levels must be
maintained, power output reduction should not be accomplished by reducing
+he potentials applied to the tubes and the various vacuum tubes employed
jn connection with voice operation cannot be used until the last bit of
1ife has been extracted from them, if high quality operation is to be
reali mdo

(n) A& number of changes, modifications, and corrections are indicated
in order to provide greater safety factors, improve operation of the equip-
ment and to effect greater ease in handling by the operating personnel.

(1) The fact that the equipment successfully withstood extensive
tests over & period of several months wherein it was subjected to the dif-
ficult conditions encountered on board Naval vessels, as nearly as Labora-
tory conditions would permit, including nimerous overload tests, locked
key operation at full power for periods as long as eight hours,severe
vibration, shock, and the motion designed to simulate the rolling of a
vessel, variations in temperature from zero to 50° C, conditions of high
hmidity wherein the equipment was actually saturated for several hours,
indicates that the apparatus 1s well designed, well constructed, and possess-
es liberal safety factors which should insure reliable operation in the
Haval Service.
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It is recommended:

(a) That carbon resistors be employed only in such circuits where it
is definitely proven that standard wire wound resistors are unsuitable.

(See par.35)

(b) That the use of 38056 vacuum tubes in the audio amplifier be ap-
provedo (pal‘ o 36)

(¢) That the front panel of the master monitor unit be strengthened
and thet more secure means for fastening the front hinged panel be pro-

vided. (par.40)

(d) That additional doors be provided on the sides of the telephone
power unit to improve accessibility and that additional perforations be
puchad in the top cover of the telephone power unit directly over the
Reetox mits in order to improve ventilation. (par.4l)

(e) That the interconmection wires to the station control wunits be
connected to the front studs and that the permanent interior wiring be
connected to the rear studs in order to simplify placing the umits into
commission. (par.42)

(f) That the covers of the station extension units be modified so
that sufficient space is available to stow a microphone and headset when
the hinged cover is closed. (par.43)

(g) That the corrosion resisting qualities of the equipment be im--
proved by requiring that all metallic parts of "Lord"™ mountingsbe con-
structed from non-carrosive metal; that the cores of all relays be suf-
ficiently covered with suitable paint or compound to prevent rust and
that the worm on the master oscillator tuning control be constructed of
stainless steel. (par. 46)

(h) That all hinges provided with the equipment be fabricated from
nickel plated brass. (par. 47}

(1) That the micalex supporting strips in antenna tuning variometer
be fabricated from isolantite and that the screen grid connections in the
rear of the high frequency unit be insulated by means of isolantite in
place of the present bakelite. (par.48).

(i} That the "Deion" breaker which now serves as the main switch
and as an overload protective device be so proportioned that it operate
on overloads of at least 50% and that all overload relays be furaished
80 that they may be properly adjusted, together with specific instrue-
%icna a§ to whether oil should or should not be used in the dash pot.
par.50
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(k) That the top of the rectifier modulator unit be provided with
forations in order to increase ventilation. (par. 53)

per

(1) That proper precautions be taken to see that the power amplifier
;1at9 chokes in the high frequency unit are properly comnected in all
production models to prevent overheating. (par.5/-a)

: (n) That steps be taken to prevent overheating of the audio osecilla--
tor circuit in the intermediate frequency units and that a more satisfactory
design of power amplifier plate choke in the intermediate frequency unit

be evolved before it is considered satisfactory for service use. (pan¢54—b)

Y (n) That care be exercised to provide fuses in the telephone power
wnit which will withstand the effects of vibration. (par.58-c)

i (o) That the volume control on the modulator unit be provided with
a dial and pointer to indicate the various steps of adjustment. (pars.6l

an:i 149)

4 (p) That the connections to the key relay in the intermediate fre-
ﬁugncy unlt be modified so as to prevent any of the leads from becoming
accidentally grounded. (par. 66)

. (q) That the tube socket in the speech relay circuit be plainly
marked with the type number of the tube which is to be employed in this
é_OCkete (par ° 70 :

(r) That the sequence of control markings on the intermediate fre-
quency unit be modified to correspond with the suggested order listed in
Table 11 and that a stop be provided on Control "F" to prevent this con-
trol from moving too far to the left. (par. 8l-a)

. (8) That the calibration card supplied with the high frequency unit
be enlarged to provide space for listing the calibration data for 12
frequencies, (par. 82)

(t) That the frequency tolerance determined by the tests at 1,000
and 2,000 kilocycles be considered satisfactory. (par. 96)

_ (u) That the compensating condenser in the high frequency umit be
adjusted so that it will provide the same degree of frequency control as
was obtained in the original TBK equipments, end that a more flexible
ground strip be employed to ground the master oscillator compertment of
the high frequency unit. (par. 97)

(v} That the power output of the intermediate frequency unit at
300 and 500 kilocycles be considered satisfactory in view of the fact
that there appears to be no satisfactory method of increasing the ef-
ficiency within the present space limitations. (par. 111)

_ {w) That the frequency per division of marking of the intermediate
?requncy unit master oscillator dial be considered satisfactory and
that no changes be required in this connection. (par. 115)
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(x) That the height of the hand rails on the intermediate frequency
unit, the modulator rectifier unit, and the high frequency umit be so
Jozeted that they all will be equidistant above the deck level. (per. 126)

(y) That additional precautions be taken to insure that the frequency
changes resuliing from the shock of gun fire will not exceed that require.-
ments of the specifications, (par. 127-a)

(z) That further information be obtained from the manufacturer to
determine whether it is possible and feasible to design the microphone ecir-
cuits in such a manner as io prevent level changes when the mmber of micro-
phones connected into a given circuit is varied. (par. 129-d)

(aa) That the necessary inspection precautions be taken to insure that
all level indicators are satisfactory and that no pointers stick. (par.133-1)

(bb) That the Bureau consider the advisability of eliminating the
range switches on the transmitter line level indicators. (par. 133-5)

(ce) That high frequency buzzers be provided in place of the present
low frequency buzzers in the master monitor unit and the station control
wnits. (par. 133-15)

{dd) That a suitable desk stand be provided for the hand set at the
master monitor station in place of the present telephone receiver hook.
(par, 133-16)

(ee) That approval be granted to construct the master monitor umit
within the dimensions as they now exist. (par. 133-17)

(£f) That the reguirement which provides that the doors of the station
control units shall be held in a horizontal position be cancelled. (par.137)

(2g) That the low level signals which may be heard at station extension
units on channels to which the unit is not regularly connected be not con--
sidered of sufficient importance to justify the complicated changes which
would be necessary to eliminate such signals. (par. 138-g)

(hh) and (ii) That the frequency characteristics of the microphone
circuits in the master monitor unit, station control units and station
extension units be modified sufficiently to give the same characteristics
as the ?icrophone circuit in the modulator rectifier unit. (pars. 142, 143,
and 148

(3i) That the accuracy of the modulation meter provided (last sample
submitted) be considered satisfactory, but that the modulation meters of
this type be considered as unsatisfactory for service use until steps have
been taken to insure their continued operation under operating conditions
and that corrective measures be taken to prevent the P.A. tank circuit
condenser from arcing over when high level modulation is belng used.

{par. 150 and 151)
_ +Dpe



(k) That the response characteristics of the speech relay as provided
in the preliminary equipment be considered satisfactory. (par. 154 and 155--B)

(11) That the marking and control designations of the station control
units, station extension units, and master monitor unit be revised in ac-~
cordance with the suggestions contained in par. 159.

(mm) That precautions be taken to insure that inspection of production
models will result in satisfactory adjusiment of the friction devices which
hold the covers of the station control wmits open. (par. 160, par., I)

(nn) That hand type microphone units be supplied with each modulator
it and that provision be made for properly securing these units to the
panel of the modulator wnit. (par. 161 and 162)

(c0) That a separate "start-stop" switch be provided on the panel of
the rectifier modulator unit so that the equipment may be started or shut
down, at the will of the cperator, when the selector swiich is in the
"rectifier test® position. (par. 192)

(pp) That the suggestions of the Inspector of Naval Material, Hartford,
as approved in paragraphs 206 to 222 inclusive, of this report, be complied
with,

(gq) That the improved type of lifting device in accordance with the
sample submitted by the contractor, be approved for all units of the TEN-2

equipment requiring lifting devices. (par. 73)

(rr) That future specifications require that a standhy switch be
provided on the rectifier wnit. (par. 193)

(ss) That future contracts involving the supplying of preliminary
models require that the contractor furnish a complete set of interconnec-
tion cables, properly marked, for the duration of the test period. (par.202)

(tt) That the Bureau consider the advisability of making a nolse
survey on board the various vessels which will be equipped with four
channel volce operated equipment, in order that the various stations may
be located in places where disasirous noise levels will not interfere with
the efficient and satisfactory operation of the equipment.

(un) That the preliminary model of the TBN-2 equipment be considered

satisfactory for Naval use after the recommendations listed above have been
complied with in a manner meeting the approval of the Bureau of Engineering.
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L{ATSRIAL UNDER TEST

L. The material under test consists of the following:

1 - Type CAY-20033 Modulztor Rectifier Unit

1 - Type CAY-52046 1.F. Transmitter Unit

1 - Type CAY-52048 H.F. Transmitter Unit

1 — Type CW-23071 Master Monitor Unit (4 channel)
1 - Type CW-20035 Telephone Power Unit (4 channel)
2 ~» Type CW-23069 Station Control Units

2 - Type CW-23068 Station Extension Units

2 - Type CW-51005 Microphone Units (Chest Type)

1 - Hend Set (Microphone and Receiver)

5, The Model TBN-2 equipment was manufactured under Contract NOs-38614
by the Westinghouse Electric and Menufacturing Company (Western Electric
Company, sub-contractor for speech input equipument). The eguipment operates
from a primary power source of 440 volis, 3 phase, 60 cycles. The inter-
medizte frequency transmitter has a nominal output of 1 kw and covers the
frequency range of 300 to 2,000 kilocycles and may be operated CW or MCW
output. The high frequency transmitter has a nominal output of 500 watts
on high power and 75 watts on low power, and covers the frequency range of
2,000 to 18,100 kilocycles on high power aznd 2,000 to 9,050 kilocycles on
low power. The high frequency unit may be adjusted for CW, MCW, or tele-
phone operation. The modulator rectifier unit contains the necessary modu-
lating equipment and elso contains the various rectifiers required to
develop the voltages for energizing both the high frequency and intermediate
frequency transmitter units. Only one transmitter can be energized at one
time. The master monitor, telephone power unit, and the station control
and extension units are designed to actuate and distribute the control of
the equipment when voice {telephone) operation is selected.

6. The modulator rectifier, high frequency transmitter and speech
input equipment was received at the.Naval Research Leboratory on May 17,1935.
The intermediate freguency transmitter was received at the Washington Havy
Yard, Friday, May 31, 1935, and transferred to the Naval Research Laboratory
on Wednesday, June 5, 1935. Transportation was accomplished by means of
notor truck express from the Chicopee Falls plant of the manufacturer.

WMETHOD OF TEST

7. The equipment, when received, was cerefully examined to determine
whether zny breakage had occurred during transportetion and whether adequate
precautions had been observed in preparing the apparatus for shipment.

8. The equipment was then wired up and placed into commission, particu-
lar attention being paid to the preliminary instructions governing the in-
stallation to determine whether they were complete and adequate.

9. Power output determinations were accomplished through the medium
of a 500 watt lamp and & calibrated photronic cell, the output of whichfwas
measured by a microammcter. The base of the lamp was removed in order to
minimize capecity losses. At intermediate frequencies output measurements
were made using dummy antemnas of the proper characteristics and the I%R

“-wwwa of determining power was employed.
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10, Frequency changes and drifts were checked by means of the Model
LE and LK frequency indicating equipments, the transmitters being operated
at full power output whenever the governing specifications required this
method of operation.

11. Frequency range, overlap, end kilocycles per division of marking
were determined by means of a Type CAG-74016 heterodyne celibreator.

12. Determinations of the temperature coefficient of the transmitting
equipment were made at full power output over the temperature range of zero
to 50°C. Frequency measurements were made by means of the LK visual fre-
quency indicating equipment.

13. Input power checks were made by means of a polyphase wattmeter,
The efficiency of conversion was determined from input measurements made
by meons of the polyphase watimeter and output measurements were caleulated
from d.c. voltmeter ard ammeter readings,

14. Keying records were made through the medium of. a recording oscil-
lograph actuated by the rectified antenna current.

15. HMeasurement of the ripple voltage present in the output of the
various rectifiers was made by means of a Model 636 wave enalyzer.

16, Model RAB-1 RAB-2-a, and RAA receivers were used in the tests
for determining the guality of emission and the effect of the rectifier
tubes and a.c. contactors upon adjacent receivers. The same receivers
were used to determine the effect of grounding one phase of the primary
supply voltage. 41l three phases of the power supply were grounded in
rotation.

17. Distortion measurements of the speech equipment were mede by
means of a Model OB audio analyzer.

18. The frequency characteristic of the various elements in the
speech equipment was determined by means of a Type 377-B L.F. oscillator,
Type 546-A A.F. microvolter and Model OB audio analyzer. Additional
checks were made through the use of vacuum tube voltmeters, Type D-180
output meters and the necessary impedance matching transformers.

19. Modulation irvestigations were conducted by three methods; ice.,
by means of the cathode ray oscillograph, the peak voltmeter method in-
cluded in the Model OB audio analyzer and by means of the Type CAY-22230
modulation meter furnished es & part of the equipment under test. Phase
adjustment and undistorted amplification was provided through the medium
of special "Ampli-filters” used in connection with the cathode ray oscil-
lograph. The cathode ray oscillogreph was carefully checked to insure
linearity of response and the trapezoid method of determining the per-
centage modulation was used. In order to insure accuracy the phase of
the sweep circuit voltage was reversed during each measurement and the
average of the two readings used in celculating the finel result.
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20. Key clicks were observed in the usual manner by listening on
pecrby receivers. In addition, direct comparisons were made between the
keying systems provided in the H.F. and I.F. transmitter umits and the
results obtazined when using the specieal anti-click method of keying de-
veloped at the Naval Research Laboratory.

21. The ability of the equipment to withstand vibration and the
roll and pitch of a vessel in a heavy sea was determined by mounting
the equipment upon a special test stand whereby vibration could be ap-
plied in & manner simulating that encountered afloat. The szme test
stand simulates the roll of a vessel so that the equipment may be in-
clined at angles 45° from the vertical at a period corresponding to the
roll of a wvessel.

DATA RECORDED

22. Complete data was recorded on all tests conducted and this in-
formation is contained in Tables 1 to 54 and Plates 1 to 48 inclusive.

PROBABLE ERRORS IN RESULTS

23. DBvery effort was made to minimize errors in the results ob-
tained during the tests recorded herein. In many cases several tests of
the same kind were conducted in order that an average might be arrived at.

2.. The visual frequency indicating equipment, Model LH and Model
LK have been repeatedly checked and have been foimd to be accurate to
within one or two cycles in 1,000,000.

25. The accuracy of the heterodyne calibrator is about 0.005%.

26. Power output measurements should be accurate to within 5%. The
values of resistance used in the dummy antennas were corrected with re-
spect to frequency and the resistance of the capacitors used in these
measurements was allowed for. Precision type radio frequency ammeters
were employed for determining antenna current.

27. The a.c. and d.c. meters used in making measurements for the
determination of power, voltage, and current were all instruments of the
precision type whose calibrations had been verified to insure accuracy.

28. The method used for determining the magnitude and frequency of
ripple voltages compares favorably with accurate oscillographic methods.

29. The determination of percentage modulation by means of the
trapezoid method employing the cathode ray oscillograph is probably
about 5% accurate at the lower levels with increasing accuracy at the
high levels.

30. The equipment used for measuring distortion is accurate to

within 5% above 2% distortion. For measurements below this value the
accuracy decreases to 15% at 0.5% distortion.

.



RESULTS OF TESTS

31. Upon receipt of the Model TBH-2 equipment it was noted that
satisfactory precautions had been taken to safeguard the material during
_shipment. In addition, the equipment was packed in a manner which per-
nitted of easy disassembly of the cases and the removal of the various
units without exposing them to injury.

32. In the following peragraphs of this report reference is made to
the governing specifications, RE 13A 497A (and RE 134 42D) under which
this equipment was constructed. Where no specific reference is made to
any particular paragraph it is to be understood that the equipment under
test complies with this paragraph and that no further explanatory remarks
are considered necessary.

33. In accordance with the instructions contained in par.6é of ref.(a),
the 500 watt high frequency transmitter unit was not subjected to the
usual complete tests on CW operation, since this is the same unit which
was sutmitted as the preliminary model on Contract NOs-36091 (Model TEK).
A sufficient number of tests were conducted, however, to insure that the
unit was in satisfactory operating condition and that the changes incor-
porated in this unit to adapt it to telephone and MCW operation did not
edversely affect the CW operation. (NEL Report No. R-1087 covers in de-
tail the tests conducted with this unit under Contract NOs-36091).

34. Section I. The Model TBN-2 equipment meets the general scope
of this introductory section of the specifications.

35. Par.2-2-a. The following items employed in the equipment do not
conform with the specifications referenced under this paragraph.

Resistors Rl, 2, 3, 4, 5, 18, 19, and 20 in the inter-
mediate frequency unit.

Several items of small resistors in the master monitor
unit.

Capacitors C-137 and C-138 in the microphone circuit
of the rectifler modulator umit znd other capacitors
in the telephone power unit.

Resistors R2, R19, and R20 are carbon type resistors. These units are
employed in the grid circuits of the master oscillator and power ampli-
fier tubes and were undoubtedly employed by the contractor because of the
necessity of providing a non-inductive resistor. These resistors pro-
vided satisfactory operation and in view of the fact that the intermediate
freguency transmitter is called upon to cover a frequency range consid-
erably in excess of that usually employed it appears that special meens
of stabilization are required. If the manufacturer is in & position to
furnish data indicating that the ordinary wire wound viireous enamelled:
type of resistor is unsatisfactory for use in these locations it is
recommended that the Bureau consider the advisability of waiving the

use of standard resistors in these particular applications. The remain-
ing non-standard resistors mentioned zbove are not included in the radio
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frequency circuits and hence their use is not justified. It should be men-
tioned that these carbon type resistors employ ferrules which appear to be
molded from a lead alloy.

The use of non-standard resistors in the master monitor
unit was authorized in BuBng let.N0s-38614(12-13-W8} of
24 December 1934 to INM, Hartforxrd.

The use of copper oxide rectifiers and electrolytic fil-
ter capacitors was approved for potentiazls not in excess
of 50 volts on page 9 of ref.(d).

In addition, the H.F. unit of the TBN-2 equipment was provided with a spirit
thermometer. From the information contained in INM, Hartford, letter of

31 Hay 1935, ref.(1), it is understood that mercury thermometers will be pro-
vided in production equipment. The manufacturer submitted a mercury thermo-
meter, but due to a difference in mounting dimensions it was not practical
to substitute this replacement thermometer. The experience of the Naval
Research Laboratory indicates that mercury thermometers may be used success-
fully in locations where the radio frequency field is not excessive. There-
fore, it is recommended that the use of mercury thermometers, conforming to
the governing specifications, be provided in the production models of the
TBN-2 eguipments.

The remaining items listed under par.2-2-a of the specifications comply
with the requirements of the referenced specifications.

36. Par.2-2-b. Pages 9 and 10 of ref.(a) authorize the following tube
line-up for the Model TBN-2 equipment:

6 - 38172A - Main plate rectifier

2 - 38166A -~ Auxiliary plate rectifier
38166A - Bias rectifier

S5-289416D - Rectigons, control circuit.
38110 - Audio amplifier

38110 - Telephone control circuit

2 - 38111A - Intermediate audio amplifier
2 - 38149 - Modulation

Ll IR I 6

U T

The actual tubes supplied in the modulator rectifier umit are as follows:

6 - 38172A - Main plate rectifier

2 - 38166A - Auxiliery plate rectifier

— 38166A ~ Bias rectifier

8289416D —~ Rectigons - control circuit
38056 - Audio amplifier ;

-~ 38110 -~ Telephone control circuit

- 381114 - Intermediate audio amplifier
- 38149 - Modulation

MDoHFPDLND

It will be noted that two 38056 tubes have been substituted in the audio
amplifier in place of the two 38110 tubes authorized in ref.(2). 38056
tubes are not listed in RE 13A 346T but they have been included in Navy
Specifications RE 134 600A with the proviso that specific approval must
be obtained for their use in new equipment. It is pointed out that the
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moster monitor unit employs four 38056 tubes, hence the use of the 38056
tubes in the modulator unit in place of the 38110 tubes does not inerease
the number of types of tubes used. Therefore, in view of the fact that
the 38056 tube is being used in the master monitor unit, and that the use
of the 38056 in the audio amplifier has given excellent results during
test, it is recommended that the substitution of these tubes in plece of
the 38110 tubes be zuthorized. It may be pointed out that the 38056 tubes
cost less than the 38110 and take up less space.

37. The remainder of the Model TBN-2 equipment employs the follow-
ing tubes. It will be noted that with the exception of the four 38056
tubes used in the master monitor umit, all tubes used are listed in Navy
specifications as standard tubes.

Intermediate frequency unit
3 - 38160 tubes
1 ~ 38151 tube

High frequency wmit
4 - 38160 tubes
1 - 38161 tube

Master monitor unit
4 ~ 38056 tubes

Telephone power unit
1 - 38180 tube

38. Par.2-3. The construction details of the high frequency unit
are discussed in par.30 of NRL Report No. R-1087. The main frame of the
modulator rectifier unit is constructed of aluminum alloy angle 3/16" x
3" x 3", secured by means of 3/16" x 7" x 7" gusset plates at the corners.
The front panels are of 3/16" cast aluminum, provided with stiffening
ribs. The side and back shields are febricated from 3/32" sluminum with
punched holes for ventilation. The top of this unit consists of a plate
of 1/4" 2luminum, umperforated, and forms the support for various trens-
formers and other items included in the modulator system. This method of
support appesrs to be entirely adequate since little or no bowing or
bending could be detected. The intermediate frames of this unit are
3/16" x 2" x 2" and are secured at the corners by 3/16" x 4" x A" gusset
plates. 411 frame members are spot welded.

39. Par.2-3. Intermediate Frequency Unit. The main frame of this
unit consists of aluminum alloy angles 3/16" x 1-1/2" x 1-1/2" secured
by 3/16" x 5" x 5" gusset plates at the cornmers. The intermedizte
fremework consists of the same size angle secured by 3/16" x 4" x 4"
gusset plates. The front panels are of 3/16" cast eluminum while the
shields are of 3/32" perforated aluminum sheet. All freme members are
spot welded. The construction used in the modulator-rectifier umit,
the high frequency unit and the intermedicte frequency unit provides
& very rugged assembly of high grade materieis.
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40. Par.2-3. Master Monitor Unit. This unit is constructed of siumi-
num angles and sheets. The entire front panel is hinged at the bottom so
thet it may be opened in order to provide access to the interior of the unit.
Lc mentioned in the INM Hartford, letter, this panel bends under the load it
carries wihen in the open position. It is believed that the thickness of
this panel should be incressed from 1/8", its present thickness, to at least
3/16". In the event that 3/16™ sheet appears to heve insufficient strength,
stiffening members should be provided. This panel is secured in place by
means of four "V" slotted catches. It is recommended that a more secure
method of fastening be provided. 1t is believed that four non-removable
thumb screws, similar in style to those employed on Navy Type RAB receivers
would be more suitable, rugged and yet permit ready access. The use of the
present form of securing devices, with the improvements recommended in ref-
erence (1) will be satiefactory on the other doors of this unit.

/1. Par.2-3. Telephone Power Unit. This unit is so constructed that
it may be secured to the deck or on top of a table or desk. Par.6-1 of
ref.(1) recommends that two side doors be substituted for the top door in
order to improve access. In the opinion of the Laboratory these side doors
should be provided in addition to the top door in order to provide for
greater accessibility under &1l conditions of installation. In addition,
it is recommended that additional perforations be provided in the top panel
of this unit directly above the seven Rectox rectifier units to improve
ventilation, since the successful operation of these units is impaired if
they operate at temperatures in excess of 60°C, according to the information
supplied by the manufacturer of these rectifiers.

42, Par.2-3. Station Control Units. These units are of rugged con-
struction and are contained in heavy cast aluminum housings. As recommended
in par.8-1 of ref.(l) the process of making interconnections between units
would be simplified if the permanent interior wiring were connected to the
rear studs on the terminal blocks instead of on the front, thus permitting
the interconnecting wiring to be secured to the outside row of studs which
are more accessible.

43. Par.2-3. Station Extension Units. These units are of construc-
tion similer to that employed in the Station Control Units. The Laboratory
agrees with the recommendation contained in par.9-1 of ref.(l) wherein the
consideration of the Bureau of Engineering is invited to increasing the
depth of the door of these units sufficiently to accommodate a microphone
unit and a telephone head set when the unit is closed. This would form a
permenent stowage place for these units and thus decrease the dangers of
breaskage and loss.

44, Par.2-4. In general, the worlmanship employed throughout the en-
tire equipment is of excellent quality snd high grade materials have been
used. BSuch items which it is believed require improvement or correction
will be discussed in detail under appropriate paragraph headings of the
governing specifications.

45. Par.2-5. The intermediate frequency umnit end rectifier modula-
tor unit were subjected to temperatures varying between the limits of
zero degrees Centigrade and 50 degrees Centigrade without any damage to the
equipment.
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46. Par.2-6. Precazutions have been teken to prevent corrosion as far
as is practiceble in most Instances. Exposed metal parts have been painted
blaeck, such as transformer channels and laminations, or have been provided
with & metallic coating of corrosion resisting qualities., Exposed aluminum
parts have apparently been subjected to a dipping or pickling process which
acts as a deterrent to corrosion. However, at the end of certain tests
wherein the equipment became saturated with moisture it was noted that the
following items became rusty and corroded.

Metailic parts of Lord mountings used for
supporting tube &ssembly in intermediate
frequency unit.

Core of Relay K-4 in the intermedizte fre-
quency unit.

Viorm on master oscillator tuning control
in intermediate frequency unit.

Cores of Relzys K-101, 102, 104, 111, and
112 in the modulsetor rectifier unit.

It was noted that the Lord mountings used in the modulator rectifier unit did
not corrode, the metallic portion of this device apparently being constructed
of a different metal than that used for the moumtings in the intermediate fre-
quency wnit. It is believed that if the cores of the relays are coated with
a sufficiently heavy leyer of suitable paint that the corrosion resisting
quaiities of these units will be improved. The worms on the tuning controls
should be constructed of stainless steel in order to prevent rust from form-
ing, which in time may render the control Inoperative.

47. Par.2-7. The use of iron and steel, except where specifically
required for electro-magnetic purposes or in the interests of strength, has
been reduced to a minimum. The following exceptions are noted:

(a) The door hinges and door stops on the master
monitor unit are of coated steel.

(b) The door hinges on the telephone power unit
are steel.

{e) The supports which hold the doors of the
station contrel units in a vertical poseition
are constructed of steel, nickel pleted, as
well as the securing handles.

{(d) The securing handles of the station extension
units are steel.

It is recommended that all hinges be constructed of nickel pleated brass in order
to prevent corrosion from affecting their operation. The door supports on the
station control units could be constructed of brass without interferring with
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their strength. The door handles on the stetion control and extension units
should be kept as strong as possible and in these instances the use of steel

j5 asdvisable.

48. PFar.2-8. Phenolic insulation hes not bem used at frequencies sbove
2,000 kilocycles. Liberal use has been made of Micalex and Isolantite insu-
1ation. Pages 11 and 12 of ref.(a) authorize the use of Steatite insuletion.
However, as fer as can be determined by inspection the preliminary equipment
under test has been insulated with Isolantite, judging by its color. It was
noted that a number of the Micalex supporting strips used in the rotor as-
semblies of the antenna tuning inductor, Control "H", were split. This defect
may have resulted from improper machining or from an inferior grade of matericsl.
Phenolic insulation has been used for insulating potentisls in excess of 500
volts d.c¢. in the high frequency unit. The screen grid connections for the
power amplifier and audio oscillator tubes, which derive their potentials from
taps on resistors R-15 and R-16 are secured to the bakelite resistor mounting
strip in the right hand rear corner of the transmitter. Means should be pro-
vided for insulating these two connections with Isolentite, Steatite or Mics-
lex, since the potentisls rum as high as 750 volts. '

49. PFPar.2-9. No wood has been used in the construction of this equip-
ment.

50, Paf. 2-10. The design of the electrical circuits and controls is
liberal. All parts which are likely to carry an overload are protected by
circuit breakers, releys, or fuses. In connection with the circuit breakers
angd overload releys, however, certain exceptions are noted which require cor-
rection.

(a) The 440 volt, 3 phase line is brought into the rectifier through
a De-Ion circuit bresker and combination switch rated at 10 amperes. By
means of an external resistance load, 21 amperes were caused to flow through
each blede of this bresker for 30 seconds without causing the bresker to
open. This corresponds to an overload of more than 300% of normsl. It is
recommended that a breaker which will operate on lower current be prowvided.

(b) The intermediate frequency umit is provided with three overlosad
relays, K-5, K-6, and K-7. Only reley K-5, bias rectifier, could be ed-
justed to trip at slightly more than normal current. Apperently the contect
trigger of K~7, main plete overload, was set so tight that sufficient energy
could not be produced to trip it.

(¢) The high frequency unit is also provided with three overload
relays, K-7, K-8, and K-9. %gese relays could be adjusted to operate in a
satisfactory manner. However, in this connection it is desired to point
out that the overload relays are of the dash pot type. -Some of the relays
bear a legend directing thé use of oil while on other relays of a similer
nature this legend has been blotted out. The use of oil adds a time delay
to the operation of the reley and also tends to increase the value of current
required to trip the relsy. Instruction books and descriptive data should
provide definite instructicns as to whether oil is required or whether it
should be omitted. Inspection of production models should insure that all
overload relays can be adjusted to operate at slightly more than normal
current.
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(d¢) The a.c. and d.c. overload releys in the rectifier unit can be
adjusted to operate satisfactorily.

(e) No overload protection is provided for the tubes in the modula-
tor unit other than that provided by overload relay K-109 in the common
return of the main plate rectifier. It is believed, however, that this re—
lay is sufficient to protect the modulator tubes against any serious over-

load.

51. Par.2-11. As described in par.50 above, vacuum tube protective
relays have been incorporated in this equipment. Both the intermediate fre-
quency and high frequency units are provided with five second relays which
open the keying circuit in the event the remote keys remein closed for more
than five seconds.

52. Par.2-12. MNo access doors on the modulator rectifier wmit, the
intermediate frequency unit or the high frequency unit can be opened with-
cut removing power from the equipment. This is accomplished by means of
suitable door interlocks, adequately insulated. The door interlocks fime-
tion smoothly and are proof against vibration and shock. The speech input
equipment is not provided with door interlocks since they are wnnecessary
in these locations due to the low voltages involved.

53. Par.2-13. The equipment is provided with perforated shielding
in order to provide ventilation. This appears to be adequate in most
cases. However, in the interest of safety it is recommended that the fol-
lowing changes-be made:

(a) That the top shield above the 38149 modulator tubes in the
modulator rectifier it be perforated to provide edditional ventilation
as suggested in par.ll-Z of ref.(1).

(b) That additional perforations be supplied in the top shield of
the telephone power unit directly above the Rectox rectifier units as recom-
mended in par.41l of this report.

54. Par.2-15. This paragraph requires that the equipment must be
czpable of operating for two hours locked key at full power without damage
to any part.

(a) High Frequency Unit. See pars. 40 and 72 of NRL Report
No. R-1087 covering Model TBK equipment for two hour locked key tests on.
CE operation. Since the requirement of MCW and phone operation has been
added since the original tests of this unit, additional tests were con-
ducted to determine the action of this equipment on phone and MCW. Table 1,
appended hereto, lists the results of a test conducted with the telephone
equipment at 100% modulation (negative peaks). The highfrequency unit was
operated at 2,000 kilocycles and the modulating frequency of 400 cycles
was Introduced into the master monitor wnit. No signs of overheating were
detected at the conclusion of the test. Table 2 lists a test conducted
with the high frequency unit operating on MCW. No overheating occurred
during this test. However, during subsequent tests while percentage
hodulation investigations were being made the power amplifier plate choke
L-15 became overheated and charred. Apparently this damage was the cumu-
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jative result of a number of locked key tests. Investigation revealed that
the inside terminal of the choke wes comnected to the r.f. side of the cir-
cuit. These connections were reversed a&nd no further trouble was experienced.
The charred choke was replaced by a representative of the manufacturer ang

po further difficulty was experlenced from this source.

(b) Intermediate Frequency Unit. Table 3 shows the datz collected
during a two hour locked key test wherein the intermediate frequency uniy
was operated at 300 kilocycles, MCW. During this test it was noted that
capacitor C-13 in the audio oscillator circuit became extremely hot and the
audio frequency transformer in thie circuit exuded wex. The temperature of
this trensformer had reached 105°C at the end of the test. In spite of this
temperature rise the equipment continued to function. This condition, how-
ever, is considered umsatisfactory and the manufacturer should be required
to correct it. As will be noted from Table 2, the audio transformer in the
high frequency unit did not overheat during a similar two hour rum. Tsble /
1ists a two hour test conducted at 300 kilocycles, CW. No overheating oc-
curred during this test. Table 5 lists a two bhour test conducted at 500
kilocycles, CH. During the first attempt to conduct this test the smellest
coil of the three coil power amplifier plate choke L-4 overheated badly and
‘the test at 500 kilocycles had to be abandoned. A representative of the
manufacturer replaced this coil and the test listed in Table 5 was then
conducted. At the end of this test the largest coil in the choke (low fre-
quency end) was considerably hotter than the other colls although it con-
tinued to fimction. The menufacturer then replaced the entire choke coil
with a new assembly and this coil performed satisfectorily on locked key
operation. However, during temperature tests of the intermediate frequency
unit at frequencies of 500, 1,000, and 2,000 kilocycles, when the key was
locked for long periods of time, this replacement choke again showed signs
of overheating, although it continued to function. The insulating covering
of the wire became discolored due to the heat. It may prove necessary to
provide two chokes in the P.A, circuit, one for the lower frequencies and
another for the higher frequencies, to be selected by the range change
switch, in case it is impossible to provide a single choke which will cover
the entire range satisfactorily. As noted on Table 5 an examination of the
charred coil indicated that the insulation of the wire may have been
demaged during the winding process, which undoubtedly was a contributing
factor to the failure. Table 6 shows the result of a two hour test at
2,000 kilocycles, CW. No overheating occurred during this test.

(¢) Both the high frequency and intermediate frequency units ware
subjected to a keying test at 100 words per ninute and no signs of brush
discharge, corona, or arcing were noted.

(d) Modulator Rectifier Unit. This unii withstood the numerous
two hour locked ksy tests, both CW and phone, without revealing any signs
of overheating.

(e} The Master Monitor unit, telephone power unit and associated
equipment withstood two hour tests without two hour tests without any
damage resulting.
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55, Par.2-16. See par.41l of NRL Report No. R-1087 for performance of
nigh frequency unit when subjected to the antenna short circuited and open
circuited test. Table 7 appended hereto shows the results of tests conducted
in connection with the intermediate frequency unit at 2,000, 1000, and 500
kilocycles. Although in some cases the power amplificr tube showed consider—
sble plate temperature, no damage was incurred.

56, Par.2-17. The vacuum tubes incorporated in the equipment operate
within the limits laid down in Navy Tube Specifications.

57. Par.2-19. This paragraph states "The design must fulfill the de-
mand thet the equipment operate successfully and without demage on a moving
platform inclining up to 45° from the vertical in any direction and follow-
ing the roll and pitch of a ship at sea in heavy weather." In order to
simulate the conditions mentioned, a test stand was constructed at the Naval
Research Laboratory upon which it is possible to mount the transmitting equip-
ment and subject it to a roll of 45°. The test stand is provided with a
turnteble so that the equipment may be rocked from side to side or in a fore
and aft direction. As described under per.58 of this report, the stand is
so designed that it is possible to subject the equipment to wibration of
verious amplitudes and frequencies. Plates 24 to 29, inclusive, attached
hereto, show various views of the TBN-2 equipment while installed on this
test stand.

(a) Plate 24 is a view of the modulator rectifier unit
and the intermediate frequency unit mounted on the
test stand, with the movable platform of the stand
in a horizontal position.

(b) Plate 25 is a view of the modulastor rectifier unit
and the intermediate frequency unit, with the plat-
form inclined 45° to the left.

(c) Plate 26 is a view of the modulator rectifier unit
and the intermediate frequency unit, with the plat-
form inclined 45° to the right.

(d) Plate 27 is a view of the high frequency unit,
master monitor unit, telephone power unit (barely
visible behind the transmitter), one station con-
trol it and one station extension unit mounted
on the test stand with the platform in a horizontal
position., The modulator rectifier unit is visible
to the right of the test stand,

(e) Plate 28 is a view of the high frequency unit and
associated telephone equipment inclined at an angle
of 45° to the left.

(£) Plate 29 is a view of the high frequency unit and

associated telephone equipment inclined at an angle
of 45° to the right.
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57-4. It will be noted that in all cases the heavy units of equipment;
nemely, the rectifier modulator, the imtermediate frequency and the hiph
frequency unit were supported by guy rods secured to the four top corners
of the equipment through the medium of a welded steel frame. In addition,
the equipment was bolted to the test stand by means of the mounting holes
provided in the pedestals of the various units. The associated telephone
equipment was secured to the test stand by means of the regular securing
bolts provided with the equipment, no additional supports being provided.
The intermediate frequency unit was tuned up to full power at a frequency
of 1,000 kilocycles and was operated into & regular outdoor antemma. The
flexible antenna lead can be seen in Plates 24, 25, and 26. The high fre-
quency unit was operated, full power, at 2,000 kilocycles, both CW and
voice. A low resistance lamp load was substituted for the antenna.

57-B. The equipment was subjected to the 45° roll for a period suf-
ficiently long to observe frequency effects, operation, and quality of the
emitted signel. It should be stated that the test stand operates at a
speed of approximately five cycles per minute. The following results were

noted:

_ (a) Intermediate frequency unit and rectifier modulator unit.
No mechanical failures occurred in either unit and the quality of the
emitted signal was not affected. The only noticeable effect was a slow
frequency change of about 40 cycles (in 1000 kilocyclss) corresponding

to the period of oscillation of the test stand.

(b} High frequency unit - CW operation. No mechanical failures
occurred during this test. A slight frequency change of about 30 cycles
(in 2000 kilocycles) was noted corresponding to the period of oscillation
of the test stand. A slight roughness of the emitted signal was notice-
able for a second or so just as the test stand completed the roll to the
left. This disturbance was of such a minor nature as to be practically
negligible.

(e) High frequency unit - Phone opeération. No mechanical failures
occurred during the test nor was it possible to detect any frequency varia-
tion or changes in the emitted signal which could be attributed to the
rolling of the eguipment. The woice retained the same gquality as emitted
with the equipment at rest in the horizontal position.

58. Par.2-20. The test stand shown in Plates 24 to 29 inclusive is
so arranged that the equipment mounted upon it may be subjected to vibra-
tion of various perlods and amplitudes. Plates 26 and 29, which give a
partial view of the underside of the stand show the variable speed motor,
pulley end belt arrangement and the eccentrically weighted fly wheel by
meansg of which the vibrations are produced and regulated.

(2) Intermediste frequency and rectifier modulator uait. The inter-
mediate frequency unit was opsrated at a frequency of 1,000 kilocycles, full
power output. The equipment was subjected to vibretions of varying degrees
of amplitude and frequency for a total time of about one hour. During the
test the natural period of various units in the equipment such as the
flexibly mounted tube racks, keying relay, etc., was found and this period
vas maintained for severel minutes in order to determine whether injury or
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preakage would result. The test showed that low frequency vibrations of very
considerable amplitude had no moticeable effect upon the emitted signal of the
transmitter. Only when the frequency of vibration became very high was a
roughness introduced into the emitted signal and at no point in the test wmas
the signal influenced sufficiently to interfere with solid copy. No physical
damage resulted from this vibration test.

(b) BHigh frequency unit - CW operation. The test was conducted in a
manner similar to that described under sub-paragraph (a) above. The trans-
mitter was tuned to 2,000 kilocycles and at no time did the vibration inter-
fere with solid copy nor did a post trial inspection show any damage to the
equipment.

(c) High frequency unit - Voice operation. The equipment was
operated at & frequency of 2,000 kilocycles. Durfing the vibration tests of
the voice modulated equipment it was possible to detect the influence of vi-
bration but it in nowise rendered the speech unintelligible. The vibration
made itself felt as an additional modulation of low intensity. However, dur-
ing one period of this test a high level of a.c. hum became apparent which
did interfere with reception. Finally, as the test continued the modulated
output disappeared entirely. Inspection of the telephone power unit revealed
that a one ampere fuse in the primary of the plate transformer which pro-
vides the plate potential for the 38056 line amplifier tubes in the master
monivor unit had become open circuited. Investigation showed that this fuse
had not burned out but that the small fuss wire had vibrated loose, thus .
making intermitient contact and developing the high noise level noted during
this portion of the test. Wben the defective fuse was replaced normal op-
eration was again secured. The results of this test indicate that intel-
ligible speech may be obtained in the presence of severe vibration, provided
that the noise, if any, produced by this vibration does not impinge directly
upon the microphone and that &1l units in the equipment are in first cless
ogerating condition. No breskage of wires took place and no loose connec-
tions, other than that noted above in comnection with the fuse, were observed.
In this connection it should be pointed out that the microphone used for
energizing the voice equipment was located in a sheltered booth about 75 feet
distant from the transmitter so that the noise could not affect the microphone.
Both the regular type carbon microphone and the special dynamic type micro-
phones were used during this test. As far as vibration was concerned the
results were similar.

59. Par. 2-21. All vacuum tubes in the intermediate umit, high fre-
quency unit and rectifier modulator unit have been cushioned against the
effects of vibration and shock through the medimm of flexible mountings.

The key relay in the intermediate frequency unit has also been cushioned by
mezns of "Lord" mountings. (See par.45 of NRL Report No. R-1087 for further
details relative to flexible mountings in the high frequency unit.) Tubes

in the master monitor unit and in the telephone power unit have been provided
with cushion type sockets. :

60, Par. 2-22. The design and control of the circuits employed in the
high frequency unit, intermediate frequency unit, and the rectifier modulator
unit are considered to be the simplest possible within the requirements of
the governing specifications. It is believed that some simplification of the
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controls of the speech input equipment may be realized and & discussion of
these factors will be found under appropriate headings when discussing
section I1I-A of the governing specifications.

61, Par. 2-23. All necessary controls and indicating devices are
located on the front panels of the equipment and are suitubly marked for
jdentification and operation. It is recommended, however, that the modu-
1ator volume control B-121 located on the front panel of the modulator
rectifier unit be provided with a disl and pointer, in order that this con-
trol can be reset to a predetermined point. Certain changes in the markings
and controls of the speech input equipment are offered for consideration in
the interests of greater simplicity and these will be discussed under
Section ITI-A of Specifications RE 134 4974.

62. Par.2-24. All control shafts and bushings have been grounded
or insulated for the protection.of personnel.

63. Par.2-25. All electrical indicating instruments used in the equip-
ment are of the 3.5 inch diameter, flush type, with bekelite case. Volt-
meters employing external multipliers have a sensitivity of 1,000 ohms per
volt. The instruments supplied were checked against precision type instru-
ments and were found to comply with the specification requirements of 2%
accuracy. (A discussion of the percentage modulation meter and the level
indicators in the speech input equipment will be found later in this report
under Section III-A of the specifications.) Meters are so mounted that it
is possible to substitute replacement meters of the same nominal size, al-
though in the case of certain meters it would be necessary to change the
formation of the wiring.

64. Par.2-26. Appropriate nameplates have been affixed to all major
umits.

65. Par.2-30. The controls of the Model TBN-2 equipment comply with
this requirement of the specifications in that the values of settings in-
crease numerically or alphabeticelly with the final controlled effect.

66. Par.2-31. Sufficient tolerances have been provided for the ready
replacement of tubes. However, access to the power amplifier tube will be
improved if the flexible lead connecting between the key relay K-1 in the
intermediate frequency unit and the antenna tuming inductance is raised
an inch or two to prevent it from becoming grounded.

67. Par.2-32. The weights of the verious units comprising the
Hodel TBN-2 equipment are listed in Table 8. The specifications allow
a total weight of 3350 pownds for Class 2345-A equipment, exclusive of the
speech input equipment. The weight of these units as submitted is 2820
pounds. The specifications state that the total weight for the speech
input equipment for a four-channel system shall not exceed 400 pounds.
Reference to Table & reveals that the total weight of the master monitor
unit, telephone power unit, five station control units and 16 station ex-
tension units is 835.5 pounds. Bureau of Supplies and Accounts letter
NOs-38614(SPM) of 5 March 1935 to Contractor authorized an increasse in
weight of 475 pounds.
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68. Par.2-33. IAny single unit of the TBN-2 equipment is capable of
passing through a door 26" wide by 66" high and through a hatch 607 long

by 30" wide.

69. Par.2-34. The equipment operated satisfactorily when subjected
to the power supply variations listed in par.6-3 of the specifications.

70. Par.2~35. All resistor mountings were not marked with Navy Type
Number designation nor with the value of resistance. However, since the
equipment under test is a preliminary model, the manufacturer was undoubtedly
awaiting formal approval before applying these markings. All items are marked
with the symbols by which the dtem is identified in the wiring diagram, with
the exception of the tube socket of the 38110 tube in the modulator recti-
fier unit. It is recommended that this socket be clearly marked to indiczte
the type of tube.

71. Par.2-36. The design of the shock proof mountings is such that a
minimum amount of assembly is necessary in order to replace worn out rubber
members.

72. Par.2-37. It is possible to maintain filament potentials at the
normal value when the line voltage supply varies + 5%.

73. Par.2-38. Lifting devices have been installed in each of the four
top corners of the heavy units in order to facilitate hoisting and lowering
of the equipment. The manufacturer submitited a sample 1lifting device which
he intends to utilize in the production equipment. This sample device is
exceedingly rugged and well designed and it is recommended that this method
of construction be approved for the production models. Nameplates have been
secured to the side shields near the top teo indicate the position of the
1ifting devices.

74. Par.2-39. The front panels of the transmitters and rectifier
modulator unit have been finished with a durable black wrinkle finish. The
other external surfaces have been finished with a flat black coating. The
naster monitor unit and the telephone power unit are finished with black
wrinkle finish while the station control umits and station extension units
are painted with bettleship gray.

75. Par.3-1. The design and construction of the equipment is such
that two transmitter units are supplied, one for intermediate freguency
operation and the other for high frequency operation. Each unit consists
of a single mechanical assembly of the dimensions listed in Table 9.

76. Par.3-3. The equipment is so constructed that either transaitter
unit may be operated from a common power supply, although both transmitters
canmot be operated simultaneously. This transfer of power is accomplished
through the medium of a single four position switch located in the modula-
tor rectifier unit. The positions on this switch are marked as follows:
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Pos. No. 1 = HF Trans. OW = MCA

Pos. No. 2 - HF Trans. Phone

Poz. No. 3 - Reectifier Test

Pos. No. 4 - Intermediate Freq. Trans.

Thus it will be seen that an additional position was incorporated into this
switch over and above the suggested number of positions contained in the
Contract Note, page 2. The additional position was required by virtue of
the fact that different potentials are required for voice operation of the
H.F. wunit than those required for CW operation. :

77. Pars.3-4 to 3-9 inclusive. The equipment as supplied meets the
general requirements of these paragraphs of the specificetions.

78. Par.3-10. The emitted signals produced by both the intermediate
frequency and high frequency units are free from 1ilt and undesirable modu-—
lations. The harmonics and key clicks present are of about the same magni-
tude as noted in other equipments of similar design and power. That key
clicks of very considerable amplitude or intensity are producéd by conven-
tional methods of keying is a well known fact and a method of eliminating
this form of interference was reported to the Bureau in NRL Report No. R-1135
of 13 March 1935. The anti-click keying unit described in this report was
used in connection with the intermediate and high frequency units of the
Hodel TBN-2 eguipment and the results obtained are illustrated in Plate 38
appended hereto. It is a simple matter to adapt the anti-click keying umit
to either transmitter since only a2 few interconnections are required. When
the anti-click unit is employed the interference caused by keying operations
in nearby receivers virtually disappears. Fig.l in Plate 38 is an oscil-
logram of a keyed character (a single dot) as produced by the normal method
of keying in the intermediate frequency unit. Fig.2 shows the resulting
key click in a Model RAB receiver tuned slightly off resonance. Fig.3 is
the dot produced when using the anti-click keying unit and Fig.4 is an os-
cillogram taken under the same conditions of sensitivity and tuning as
Fig.2. It will be noted thet the key click has entirely disappeared.

Fig.5 shows a dot produced by the regular keying system of the high fre-
quency unit; Fig.6 is the key click resulting from this method of keying;
Fig.7 shows a dot produced by the anti-click keying unit and Fig.8 chows
the degree of interference diminution cbtained with the keying umit. The
keying tests illustrated were made at a speed of 100 words per minute but
sinilar results are obtained at speeds lower than this. These tests indi-
cate that a very decided improvement results when the anti-click method of
keying is employed.

79. Par.3-11. DNeutralizastion has been employed in the Model TEN-2
equipment to the extent necessary to insure satisfactory operation.

80. Par.3-12. Both the intermediate freguency and high frequency
transmitter units have front panel controls by means of which the fre-
Quency is continuously variable within the limits specified.

8l. Par.3-14, 3-15, 3-16. The frequency range of both units is
divided into severel bands by means of range selector switches.
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(a) Intermediate Frequency Unit. Table 10 lists the controls pro-
‘yided on the front panel of the intermediate frequency umit, together with
she control designations. UWhere required, the controls are fitted with
jnterlocks to remove power from the equipment while these controls are be-
jng changed. Table 11 1ists the control desipnations as supplied with the
jntermediate frequency unit together with a list wherein certain changes
are suggested in order to make the sequence of letters agree more nearly
with the order in which the controls would be adjusted. It is recommended
'that the marking of the controls be changed to conform with this latter
1ist. The dials of the antenna tuning inductance controls are colored
black and red. Vhen the control is set on the black it indicates that the
Litz coils are in the antemna circuit, while the red indicates that the
solid wire tuning inductors are being utilized. The Litz coils are used
at the low end of the frequency range while the solid conductor coils are
used at the high end of the frequency range. Antenna coupling switch "Fm
(Coarse) is not provided with a stop on the lower end. Therefore, if this
switch is thrown to the extreme left position the interlock remains open
and the set is inoperative. A stop should be provided to overcome this

defect.

(b) High Frequency Unit. Table 12 lists the controls provided for
the operation of the high frequency unit.

82. Per.3-17. A calibration card, under a transperent non-breskable,
waterproof shield is mounted on the front panel of both the intermedicte
and high frequency units. On the intermedizte frequency unit provision has
becn made for 12 frequencies, while on the high frequency wnit provision hac
been made for 10 frequencies. This latter discrepancy is undoubtedly due to
the fact that the high frequency unit was originelly constructed under
Specifications RE 134 442D which required the calibration card to accommodate
only 10 frequencies. In order to make provision for 12 frequencies it will
oe necessary to increase the size of the celibration card holder.

€3. Par.3-18, It is possible to shift from one frequency to any other
frecuency, or from one type of emission to enother, without readjusting the
voltages. Such voltage variations as are necessary are taken care of auto-
metically by the controls in question.

84, Par.3-19. A three position switch has been incorporated in both ™
the intermediate and high frequency units to facilitate frequency shifting
and to reduce interference. These switches operate as follows:

Stép 1 - Plate potential is removed from power smplifier.
Step 2 - Plate potentisl is reduced on power amplifier.
Step 2 - Full opersting potentials are applied to all tubes.

As these switches are opersted the actual voltage present on the power ampli-
fier tube is indicated by the plate voltmeters on the panels of the trens-
mitter units. Table 13 lists the frequency changes resulting from the opera-~
tion of the Tune-Operate switch when the intermediate frequency unit was ad-
Justed to various output frequencies within the range of the transmitter.
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In the opinion of the Laboratory the action of the intermedizte frequency
ynit ie satisfactory from this viewpoint, The action of the tune operate
awitch of the high frequency unit will be discuesed later in this report
under the heading of par.3-7-4 of Specifications RE 13A 442D.

85. Par.3-20. A suitable threc position test key has been provided
on botk transmitter units to comply with the requirements of this para-
graphe The five second drop out relay is iroperative when the local test
key ie in the closed position.

86. Par.3-21. The verniers supplied with this equipment comply with
the requirements of positive gearing.

87. Par.3-22. Both transmitter units have been provided with suitable
. frietion type locking devices on all continuously varieble controls. These
. locks operste in such a manner that they have little or no effect upon the
- frequency and are designed so that they do not interfere with tunirng opera-

tions.

: 88. Par.3-23. It is possible to adjust either the intermedizie fre-
" quency unit or the high frequency unit for proper operation in one man

- minute within the limits of accuracy specified. The equipment is not pro-
vided with adjustable positioning devices and in the opinion of the Labora-
. tory there is no need for such deviees.

; 89. Par.3-24. The Contrect Note, which forms part of the governing
specifications under which this equipment was constructed, provides that
the intermedicte frequency unit comply with par.3-24 of RE 134 4974 with
respect to frequency stebility requirements while the high freguency unit
shell comply with par.3-7 of Specificationc RE 134 442D. Furthermore, as
stated in par.33 of this report, only such tests were conducted with the
high frequency unit on CW operation to insure that the equipment had under-
gone no marked changes since the time of its original test as part of the
~ Model TBK equipment.

90. Par.3-24-2. Intermediate Frequency Unit. The reset accuracy

of this unit was tested at 500, 1,000, and 2,000 kilocycles and the results
of these tests are listed in Table 14. It is possible to reset all the
controls necessary for shifting fregquency within one man minute. The maxi-
‘mum frequency change noted during these tests was 160 cycles when operating
at 2,000 kilocycles. Table 15 lists the results of tests: conducted to
determine the degree of backlash present in the master oscillator control.
The results of these tests ars considered satisfactory, since most of the
frequency error resulting from backlash may be avoided by always approach-
ing a given setting from the seme direction.

91. Par.3-24-3. Tests were conducted to determine the effect of
variction of temperzture upon the emitted freguency of the intermedizcte
frequency unit.

(a) Tebles 16 and 17 and Plates 30 and 31 show the results of tests
conducted at 500 kilocycles wherein thie temperature was varied between the
limits of zero and 50° C; Tables 18 and 19 and Plates 32 end 33 show simi-
ler information at 1,000 kilocycles while Tables 20 and 21 end Plates 34

B



ond 35 cover similar test at 2000 kilocycles. Table 22 contains 2 summery of
the results obtained during all of the temperature tests of the intermediate
frequency unit.

(b) As these tests progressed it was noted that there appeared to be
a distinct relation between the percentage of relative humidity snd frequency.
This effect will be noted on Plate 30 at 1220. The humidity was permitted
to rise rather suddenly and a noticeable drop in frequency was noted almost
instently. OSimilar effects, although of a less pronounced degree will te
noted on Plate 32 end 34. As a result of these observations it was decided
to conduct & test wherein the temperature was held constant and the humidity
was varied through wide limits. The results of this test will be discussed
below.

(c) Another phenomenon was noted during the course of these tempera-
ture tests. The six tests listed in Tables 16 to 21, inclusive, were con-
ducted in the following order:

1} 500 kilocycles, 25 to 50

2) 500 kilocycles, 25 to zero
3) 1000 kilocycles, 25 to 50
4) 1000 kilocycles, 25 to zero
5) 2000 kilocycles, 30 to 50
6) 2000 kilocycles, 30 to zero

Each test consumed practically an eight hour day; thus at the end of the test
period the test room was left at a temperature of either zero or 50°. After
the test the doors of the test room were opened, the heating and refrigerating
equipment shut down and the temperature in the test room permitted to seek
the normal level. When the cold room was permitted to drift back up to
normal temperature there was & decided tendency for water to condense upon
the equipment under test. At the end of the 1,000 kilocycle test at zero
degrees, particularly, the high humidity prevailing csused the entire equip-
ment to become satursted so that the transmitter and rectifier unit were
literally dripping water and it was necessary to run the test room at a high
temperature to dry out the apparatus in addition to blowing the water out

by means of compressed air. The various parts of the equipment being satu-
rated to some degree made it difficult to obtain absolute frequency equilib-
riwm in an hour. Thus, it is believed that the larger frequency shifts and
the erratic nature of these shifts noted in Tables 18 and 20, were not en-
tirely due to temperature changes but due to the fact that parts of the
frequency esteblishing circuit of the transmitter still contained eppre-
cieble amounts of moisture.

(d) Plete 36 illustrates the results of a test conducted with the
intermediate frequency unit at 2,000 kilocycles to determine the effect of
hunidity. The temperature was held substantislly constent at 35°C and the
percentage of relative humidity was vuried between the limits of 20 to 100%.
It will be noted that the frequency varied inversely as the humidity once
the relative humidity exceeded 40%. It is interesting to note that the
effect of a change in humidity upon the frequency is practically insten-
taneous, there being no apprecisble leg as is the case in temperature
changes. In fact, the results of these tests indicate that undoubtedly some
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of the frequency shifts attributed to temperaturs are probably due to changes
in humic¢ity. The smount of water vapor in the atmosphere varies greatly with
temperoture and if no effort is made to control this fector it will influence
the frequency. It may further be noted that the master oscillator circuit

of the intermediate frequency unit contains no variable air condensers, the
circuit being tuned by means of a veriometer. Hence it appears that the
prasence of water vopor tends to Increase the inductance of the circuit, or
affects the resistance .in such a manner as to cause a decrease in frequency,

or bOﬂ'l.

(e) Plate 37 illustrates the results of a test conducted with the
nigh frequency unit, at 2000 kilocycles, to determine the effect of humidity.
The temperature was held constant at approximetely 35° C and the percentage
of relative humidity was varied between the limits of epproximately 20% and
100%. The resulting curve possesses the same characteristics as the curve
showm in Plate 36 covering the intermediate frequency unit. However, the
change in frequency is decidedly less in the case of the high frequency unit.
Thereas the intermediate frequency transmitter changed approximately 800
cycles the high frequency unit changed only 40 cycles for the same range
of relative humidity. ©Stated in percentege values, the intermedieste fre-
quency transmitter changed 0.04% while the high frequency transmitter changed
0.002%. Thus it will be seen that the use of & temperature controlled master
oscillator aids greatly in minimizing the effects of humidity. It may also be
" possible that the electron coupled oscillator employed in the high frequency
unit plays some part in this matter.

(f) During the humidity tests the speech equipment, including the
modulator unit, master monitor unit, telephone power unit, station control
unit, and station extension unit, were also subjected to the range of hunid-
ities encountered; namely 20% to 100% at 35°C (95 F.). The speech equip-
ment was checked at short intervals from the various control points and it
was found that the equipment functioned normelly without any evidence of
breakdown. Thus i1t appears that the entire TBN-2 equipment is cepable of
continuous operation when subjected to conditions of high humidity.

92, Par.3-24-4. Intermediate Frequency Unit. Variation of supply line
voltages. The supply line voltege was varied between the limits of 418 and
462 volts; i.e. + 5% of 440 volts. Table 23 shows the results of tests con-
ducted at 500, 1,000, and 2,000 kilocycles. The maximum frequency change
encountered was 90 cycles at 2,000 kilocycles for a 1% per minute changey
vwhile a repid change in voltage resulted in a frequency change of 20 cycles
at 2,000 kilocycles.

93. Par.3-24-5. Intermediate Frequency Unit. Variation in antenna
constants. Table 24 lists the results of tests conducted at 500, 1,000 and
2,000 kilocycles to determine the frequency change resulting from a 25%
variation in antemna constants. The maximum frequency change encountered
was 17 cycles at 1,000 kilocycles. This teble also lists the frequency
changes resulting from detuning the power amplifier circuit.

94. Par.3-24-6. Intermediate Frequency Unit. Control of Power Output.
Table 25 lists the results of tests conducted wherein the power output of
the transmitter was varied by means of the rectifier tap switch. The maxi-
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nun frequency chenge noted at 500 kilocycles was 93 cycles; at 1000 kilo-
oveles, 84 cycles; and at 2,000 kilocycles, 100 cycles. It should be noted
that the power actually veried between the approximate limits of 117% end

11%.

95. Per.3-24-7. Intermediate Frequency Unit. Change of Vacuum Tubes.
Table 26 lists the results of tests conducted to determine the change in
frequency resulting from changing tubes in the master oscillator and power
amplifier circuits. These tests were conducted at 500, 1,000, and 2,000
kilocycles and it will be noted that the largest variation was 171 cycles
for the master circuit at 1,000 kilocycles and 164 cycles for the power
amplifier at 2,000 kilocycles.

96. Par.3-24. Summary. Intermediate 'Frequency Unit. A summary of
the results of the tests conducted under the terms of par.3-24 is shown in
Table 27. It will be noted that at 1,000 and 2,000 kilocycles, the fre-
quency variztions caused by the several factors exceed the specification
requirements. In this connection, however, it should be observed that the
values used for changes in ambient temperature are those which, as pointed
out in par.9l of this report, zppeared to be abnormal due to the presence
of large amowntis of moisture. If more normel values are inserted in
Table 27, such as approximately 90 cycles change at 1000 kilocycles and
¥25 cycles at 2,000 kilocycles, the equipment complies with the specifica—
tion requirements. Since the conditions which caused the lerge frequency
changes listed in Tables 18 and 20 are the results of abnormal conditions
which ere not likely to be met with in nature, it is the opinion of the
Laboratory that these abnormal figures should be excluded. If this is per-
mitted the equipment complies with the specification requirements as listed
in per.3-24 of the governing specificaticns.

97. Par.3-7 of Specifications RE 134 442D. Tables 28, 29, 30, 31, and
32 show the results of tests conducted with the high frequency unit.(For
complete details see NRL Report No. R-1087 on TBK equipment.) The results
of the frequency stability tests showed that the equipment complies with
the requirements of the governing specifications. Attention is invited
to the fact, however, that upon receipt of the equipment, tests conducted
in conformity with pars.3-7-5 and 3-7-6 of Specifications RE 13A 442D gave
results inferior to those obtained when this equipment was tested as a
part of the Model TBK equipment, although they still conformed with the
specifications. An effort was made to determine the reason for this di-
vergence of results and inspection finally revealed that the leads which
carry the a.c. current to the master oscillator compensating transformer
had become broken. Apparently these flexible leads were too short to
permit full movement of the flexibly mounted master oscillator compartment.
After this circuit had been re-established the results obteined were some—
what better than the original results but not as good as the results ob-
tained with the TBK equipment. The adjustment of the compensating con-
denser was changed in an effort to improve operation and some improvement
recsulted when the condenser was set at maximum. The indications were that
& larger condenser would improve the resulis. The smallest frequency change
noted when tested in a@ccordance with par.3-7-5 (filement not lighted) was
125 cycles, while the lergest chenge noted in the TBK tests under similar
conditions was 47 cycles at 4500 kilocycles. It is recommended that the
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attention of the manufacturer be called to the results of these tests in
order that he mey investigate the cause for this discrepancy and correct
game. The metallic strip by means of which the master oscillator compart-
ment is grounded to the frame of the transmitter is of such an inflexible
nature that it interferes with the free movement of this umit. It is
recommended that a more flexible groumding strip be provided.

98. Per.3-25. Both the intermediztc and high frequency units are
equipped to work break-in and tests show that this feature operates satis-
factorily. No signal is emitted when the key is open.

99. Par.3-26. It is possible to vary the power output of both the
jntermediate and high frequency units from the maximum value specified to
a minimum value of less than 25%. See Table 25 appended hereto for details
of this test on the Intermediate frequency unit and Table 41 for test of
the high frequency unit. The power output of both units is varied through
the medium of & seven point tap switch located on the modulator rectifier

unit.

100. Par.3-27. Suitable indicator lights have been provided on the
panel of the various units in conformity with this paragraph of the speci-
fications and in accordance with par.3-26 of Specifications RE 13A 442D
for the high frequency unit. Table 33 appended hereto lists the number,
color, and purpose of the verious lights provided. The lamps can be re-
placed with ease and are satisfactory in the presence of severe vibration
and shock.

101. Par.3-28. The electrical indicating instruments supplied with
the Model TBN-Z equipment comply with this paragraph of the specifications.
Table 3/ appended hereto lists all the instruments supplied on the panels
of the modulator rectifier unit, the intermediaste frequency unit and the
high frequency unit.

102. Par.3-29. Both the intermediate frequencf and high frequency
wnits are equipped with filament 1ife meters of the self starting type,
with dials which are capable of recording 10,000 hours.

103. Par.3-30. The intermediate and high frequency units are complete-
1y shielded both externally and internally. The r.f. connections are made
wvith nickel plated copper tubing while other connecting leads are of the
lead sheathed type, securely bonded together end grounded at frequent in-
tervals. Protective buffers of heavy, black felt are provided at loca-
tions where demage is likely to occur to the lead sheath. The wiring
reflects excellent workmanship, has been carefully laid out and good
quality material has been used.

104. Par.3-31. All electrical indicating instruments, with the ex-
ception of self-contained radio frequency meters, in the modulator recti-
fier, intermediate frequency and high frequency units have been protected
against stray radic frequency fields by being by-passed with 0.000 mfd
capacitors Type 4-& Dubilier, rated at 1,000 volts.



105. Par.3-32. All filament transformer primaries are designed for
use on cither 110 or 220 volts. As furnished, the primaries are operating
at 220 volts. No overheating of these transformers was detected during key
locked operaticn.

106. Par.3-33. All transformers are equipped with suitable terminal
boards and the terminal posts are marked to indicate their fumction.

107. Par.3-34. No undue variation of filament voltage occurs when
the transmitter 1is keyed. Tests showed that under full power keying loads
the filament potential varied approximately 1.0 %.

108. Par.3-35. The equipment is so constructed thats

(a) Modulator rectifier, intermediate frequency and high
frequency units may be installed with the back flush
against a bulkhesad.

(b) The three units are provided with foundation pedestals
of four inch channel, which may be bolted to the deck
for security. :

(e) Al terminal connections may be effected at accessible
terminal panels located near the bottom of the units
and protected behind interlocked hinged access doors.
The terminal panels iIn the modulator rectifier and
high frequency units are 7 inches above the deck

. while that in the intermediate frequency unit is
6-1/2 inches above the deck level.

(d) The renewal of tubes can readily be accomplished
through access doors in the front panels. As
noted previously in par.66 of this report, a slight
modification of the wiring should be made in the
intermediate frequency unit to permit the ready
removal of the power amplifier tube. In addition,
the audie oscillator tube in the high frequency
unit should be moved slightly forward to increase
cleafa?ce, as suggested in par.10-6, page 12 of
ref.(1).

(e) The keying reley in the intermediate frequency
wnit is accessible from the front through the
tube access door. The keying relay of the high
frequency unit projects through the top front
panel and is protected by a metal cover provided
with a glass vision opening.

(f) Antenna connections are made through circular

openings in the top shields to rugged, insulated
terminals within the transmitter units.
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109. Pars. 3-36, 3-37, and 3-38. The side and rear shielding of the
rectifier modulator, intermediate frequency and high frequency units zre
sceured by means of non-removable knurled head screws. Slotted holes in
the shields pernit ready removal of the shields when the knurled head
screws are backed off. The only access doors are on the front panel of
the various units and .they are of the hinged type secured by means of rug-
ged, jnsulated knobs or latches. 4l1 large doors are provided with two
latches and the hinges are of the full length piano type. All doors are
provided with stops to prevent injury to the hinges.

110. Par.3-39. The design of the intermediate frequency transmitte:
unit complies with the requirements of this peragraph of the specifications,

111. Par.3-40. Tables 35 end 36, appended hereto, show the results
of test conducted to determine the power output of the intermediate frequen-
cy unit transmitter when operating into antennas of the constants indicated.
It will be noted that in all cases the equipment complies with the require-
ments of the specifications and the values guaranteed by the manufacturer
in ref.(e), with the exceptlion of the operation obtained at 300 and 500
kilocycles. On these two frequencies the required value of 700 watis out-
put could not be obtained in low resistance low caspacity antennas. A slight
increase in antenna resistance and capacity permits the required output to
be obtained. At the higher freguencies the output obtained exceeds the
specified values by as much as 50%.

112. Par.3-41. Table 37,appended hereto, covers the results of tests
conducted to determine the operation of the intermediate frequency unit on
MCK. It will be noted that in all respects the equipment complies with
the requirements of the specifications, regarding power output, percentage
of modulation, and frequency of modulation. However, as pointed out in
par.54-b of this report certain portions of the audio oscillator circuit;
namely, capacitor C-13 and the zudio frequency transformer, overheated.
Steps should be taken to correct this condition. Table 40, appended hereto,
lists the results of tests conducted to determine the operation of the MCH
feature of the high frequency unit. Thc operation of this unit complies
with the specifications end no signs of overheating or defective operztion
were noted.

113. Par.3-42. The results of the frequency stability tests con-
ducted in accordance with the requirements of par.3-24 of Specifications
RE 134 497A are summarized in Table 27 and details of the tests are dis-
cussed in pars. 90, 91, 92, 93, 94, 95, and 96 of this report.

114. Par.3-43. The design of the transmitter units is such that all
tubes cease to oscillate when the key is up and satisfactory keying is ob-
tained at any rate up to 100 words per minute. (See Plates 20 to 23 in-
clusive for oscillographic keying records at various speeds.

115. Par.3-44. Verniers have been provided on all tuning controls,
except step by step controls, by means of positive gearing. This para-
graph requires thet in the master oscillator circuit the vernier shzll be
of such a ratio as to provide for a variation of the resonant frequency
per division of marking of not more than 0.025 nor less than 0.0l of 1%
of any frequency to which the circuit is tuned. Exeamination of Table 38
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reveals the fact that at no place in the frequency range is the figure of
0.025% exceeded. However, in several places in the range the varietion
per division of marking is less than 0.01%. It is pointed out, however,
that the arrangement provided permits of a smooth variation of frequency;
that the variation of frequency can be made rapidly so that the entire
transmitter may be adjusted to a predetermined frequency in less than
one men minute and that the smaller change in frequemcy per division of
merking in nowise interferes with the operation of the equipment. It is
recommended that the veriation provided be considered as entirely satis-
factory. The width of the smallest division of marking is 0.08".

116. Par.3-45. The Contract Note deletes this paragraph and sub-
stitutes therefor paragraph 3-1 of Specifications RE 1324 442D with -the
additional proviso that the equipment incorporate one Type 38160 tube in
a suiteble audio oscilletor stage. The high frequency unit as sutmitted
complies with this amended specification.

117. Par.3-46. For complete power output details see Tables 4 and
5 in HRL Report No. R-1087 covering Model TBK equipment.  Additional power
output tests were conducted to insure that any changes made in the high
frequency unit had not adversely affected the operation. The results of
these tests are listed in Table 39 appended to this report. It will be
noted that the power output is in agreement with the specification require-
ments and agrees closely with the data reported in Report No. R-1087.
Suitable provision has been made to permit voltage or current feed of
antennas.

118. Par.3-47. Par.3-14 of Specifications RE 134 442D was substi-
tuted for this paragraph. The high frequency unit complies with the speci-
fications as amended. A complete list of controls contained in the unit
will be found in Table 12 appended hereto.

119. Pars.3-48, 3-49, 3-50, 3-51, and 3-52 were deleted by the con-
tréct note due to the substitution of the electron coupled oscillator for
the crystal control oscillator circuit.

120. Pers.3-53 and 3-54. (Par.3-8 of Specifications RE 13A 442D
was substituted for par.3-53.) The high frequency unit complies with the
emended specifications.

121. Pars.3-55, 3-56, and 3-57 are deleted by the Contract MNote.

122. Par.3-58. Par.3-7 and 3-19 of RE 134 442D were substituted
for this paragraph. See NRL Report No. R-1087 for data.

123. Pars.3-59 and 3-60. Pars. 3-17 and 3-12 of Specifications
RE 134 442D were substituted for these paragraphs. See NRL Report No.
R-1087 for complete details. '

124. Par.3-61. Tests conducted showed that none of the rotating
Bachinery used in the construction of the Model TBN-2 equipment created
interference in nearby receivers. :
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enits. This is accomplished through thc medinm of "T" type attenuator=s ang
1evel indicators, each transmitter and receiver channel teing supplied with
its omn individual attenuator and level indicator. This equipment is lo-
cated in the master monitor umit. The attenuators have a range of 22 db
and are variable in 11 stepc of approximately 2 db ezch.

(b) The equipment is so designed that the signal level (received
speech signals) remains substantislly constant regardless of the mumber of
receivers connected for radio reception. With only one head set connected
into the circuit at the master monitor location, & signal was timed in and
adjusted to a satisfactory level. & load simulating 9 additional head sets
(approximately 127 ohms} was then thrown in parallel with the head set in
use. No diminution in signal level could be detected. With a signal of
such low level that it could barely be read when using a single head set,
the addition of the 127 ohm load reduced the volume by an almost impercepi-
ible amount. The equipment 1s so designed that whenever 2 headset or hand
set is withdrawn from the circuit an equivelent 600 ohm load is automatical-
1y switched into the circuit thus keeping the total load constant.

(¢) A test was conducted which simulated the condition which would
prevail if 4 channels were modulated by a single microphone. The speech
level remained substantizlly constant regardless of whether 1, 2, 3 or 4
channels were in operation.

(d) The requirement that constant level be maintained regardless of
the number of microphones connected to the same transmitter is not complied
with in an autometic manner. Reference to Table 42 reveals the fact that
the introduction of a second microphone into a given circuit causes the
level to drop between 3 and 4 db. Switching additional microphones into
the circuit would cause corresponding drops in the level. It should be
uderstood, however, that it would be possible for the operator at the
master monitor station to correct the level by means of the proper attenua-
tor. Thus, means are provided for maintaining a constent level, although
this adjustment requires manual control. It may be pointed out that the
veriation in level caused by the use of additional microphones is of an
order of magnitude egual to that which would be encountered in the spsech
of various individugls or in the specech of the same individusl if he moved
his microphone slightly while spesking. Teble 42 shows algo that the seme
audio potential applied at various stations results in different levels.

A5 will be noted, a drop of about 4 or 5 db resulted between the master
monitor unit and the station control and extension units. The ststion con-
trol units were connected to the master monitor unitf through about 25 feet
of cable.

130. Par.3A-5. Tests were conducted wherein the high frequency trans-
mitter and one or two receivers were operated on the szme frequency without
encountering around the circuit howls. In this connection it is pointed out
that the complete / channel equipment was not available for these tests.

131, Par.32-7. The master monitor unit has provision for four rzdio
end five interphone channels. The unit is designed for desk mounting and
&ll operating controls are mounted on the front panel with the exception
of the antenna potentiometers which are accessible through the door in the
ton of the unit. The construction of the unit is sufficiently rugged with
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the exceplion of the strength of the front panel and the means fop securing
this panel as pointed out in par.40 of this report. Suitable Provision has
teen made for connecting cebles from the four receivers, five statien con-
trol units and the transmitter control lines as well as connections to the
associsted power umits. Satisfactory provision has been made for commectine
four cntennas with four receivers. The anternz connections and associcted
enr is contained in a sepcrate unit which may be withdrawn from the master
moniter. This unit containe jacks and patching cords by means of which any
desired combinetion of antennas and receivers may be obtained. Provision
hzs been made for securing the cables where they enter the master moniter
in the rear of the unit.

132. Par.3A-8. Euitsble connections have been provided for the an-
terros and grounds on the rear of the unit and the multiple jacks and patch-
ing cords referred to in the preceding paragraph give the equipment the neces-
sery flexibility with respect to the antemnes and receivers used.

133. Par.3A-9. The meters end controls provided have been symmetrical-
ly erranged with respect to the circuits affected. The interphone controls
are located along the bottom of the front penel, separated from the radio
controle as far as the physical dimensions of the unit pernit. ;

(1) Four output level indicstors have been provided,
one for each channel or receiver. The damping
of these meters appears to be setisfactory for
this application, szlthough meters of a similar
nature have been tested at this Laboratory which
were provided with a greester damping factor. The
range of the meter extends from -10 db to +6 db
with the zero level at 6 milliwatts. A range
switch has three positions which extends the
renge of the instruments from -20 db to +16 db.
This range switch gives the following ranges:

Position Range
-10 -20 to -/
0 =10 to +6
+10 0 to +16

The Contract Note (page 9) indicates that & two
position renge switch should be mwrovided. The
three position switch, however, permits the use
of & less restricted scale and it is recommended
that the use of the three position switch be ap-
proved. In this connection, it is pointed out
that the meter in Channel B sticks at mid scale
reading. Inspection of the production models
should insure that all meters work freely over
the entire range. Tests show that the opera-
tion of the range switches have no noticsable
effect upon the output level of the receivers.
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(2)

(3)

(4)

Four antenna potentiometers have been provided
for adjusting receiver radic input to provide
proper decresse in input when the internzlly
nounted relay, as selected by the trancmitter
circuit controls, is operated by the talk-listen
switch or the transmitter voice relay, to prevent
the receiver, when adjusted to the same frequency
as the transmitter, from blocking and to provide
proper radic side tone. One control is provided
for each receiver. %‘hese contrcls are not mounted
on the front panel, but are locdted in the top of
the unit and are accessible through the top door.
Tris Jocation is considered satisfactory and de-
sirable, since these controls deo not require fre-
quent adjusiment znd may be left set for long
periods of time. Ref.(k), page 11, of Bureau of
Fngineering letter NOs-38614(5-9-W8) of Mey 17,
1935, indicates that the receivers must function
satisfactorily when the receiving antenna is sub-
jected to potentials as high as 10 volts. Tests
were conducted wherein the receiving antenna

was subjected to potentizls ranging up to 12 or
15 volte. The protective relay znd potentiometer
in the master monitor functioned satisfactorily
and a suitable side tone signal was obtained.

No signs of overheating or &rcing were detected.

Four attenuators are provided, one for each re-
ceiver channel, for atienuating the receiver
audio output to the desired level. These controls
operate without undue noise and have a range of
22 db in eleven steps of epproximately 2 db each.

Four 2-positicn telephone typc keys have been pro-
vided for connecting or disconnecting the output
of one to four receivers, or any combination
thereof, to the telephone receiver of the combi-
nation hand set used at the master monitor loca-
tion.

Four tramsmitter line level indicators have been
provided, one for each transmitter channel. These
indicetors are exact duplicates of those described
abtove for the receiver chamnels. The use of these
level indicators and their ettendant range switches
give rise to certain undesirable results in the
operation of the equipment. Table 43 shows the
effect of the range switches has upon the percent-
age modulation and how the distortion increases
when the range switch is thrown to the -10 setting.
Thus, if the master monitor operator should throw
the range switch of the line level indicator while



the particular channel to which it is attached was
in operation, an increase or decrease in the modu-
lated output would result together with a greater
degree of distortion in the cuce where the range
switch was thrown to -10. In order to overcome
these objections the following alternatives are sub-
nitted for the Bureau's consideration:

(&) Substitute a constent impedance type level
indicator in order to keep the load on the
line at a2 constant level regardless of the
position of the range switch.

(B) Attempt to obtairn an instrument whose re—
sistence is sufficliently high so that when
the range switches are operated the change
in load will be so small that no epprecizble
change in output will result.

(C) Eliminate the range switches entirely and
retain the level indicator with z single
range only; namely, -10 db to +6 db. This
scale would cover the useful range of line
levels since experience with the equipment
indicates that the line level will usually
be set somewhere between -5 db znd zero db.
This range could be shif'ted one way or the
other, that is up or down, by merely read-
Justing the volume conirol which is pro-
vided on each moduletor rectifier umit.
This last elternative possesses the addi-
tional advantage that it would eliminste
four switches from tke slready overcrowded
panel of the master monitor unit.,

(6) Four transmitter line level controls or zttenuators
have been provided, one for each transmitter channel.
" These controls operate on the output of their respec-
tive line amplifiers, which amplifiers are contained
in the master monitor unit. These attenuators are
identical with those described in sub-paragraph (3)
above.

(7) Four 2-position telephone key switches have been
provided, one for each of the four transmitter
channels, to permit the selection of any of the
transmitier circuits individually or collectively.
Vhen these switches are in the "on" position the
"talk-listen" switch, the microphone of the combi-
nation hand set and the transmitter or channel
indicztors lights on this unit and all other sta-
tion control units are properly connected to the
circults chosen. TWhen in the "off"™ position the
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(8)

(9)

(10)

(11)

(12)

(13)

(14)

nicrophone is disconnected and the indicator
lights at all stations are extinguished unless
this same circuit or circuits have been se-
lected by one or more of the other control
stations.

Four transmitter circuit wsrning or indicator
lights have been provided, one for ezch trans-
mitter channel, marked "4A®, "BY, "C", and "D",
These indicators light when the particular
selector key on this or on the station control
units are "on® and go out when the particular
channel is not selected from any station.

A three position key switch has been provided
to connect the combination hand set to "radio",
"interphone™ or to the Yoff"™ position.

A redio "talk-listen" switch has been provided
which operates the relays in the master monitor
unit thereby reducing the radiec frequency input
to the recelvers used with the particular trans-
mitters selected, to a proper value as deter-
mined by the adjustment of the receiver input
control or potentiometer. This switch remains
in the "talk" position only while held depressed
by the operator. This switch also controls the
trensmitter carrier, eoxcept when voice control
of the carrier kas been selected through the
medium of the proper switch on the panel of the
modulator-rectifier unit. When volce control
has been selected the receiver input relays
operate automatically without requiring the use
of the "talk-listen" switch.

Jacks have been provided for & separate micro-
phone and heed set. When these plugs are inserted
the corresponding portion of the permasnently con-
nected hand set is disconnected from the circuit.

A red indicator light has been supplied on the
panel of the master monitor unit to indicate when
power is applied to this unit.

An "on-off" switch has been supplied on the panel
for controlling the power to this unit. This
switch does not control the power to the tele-
phone power unit.

Five interphone "eail-off-talk" keys have been

rovided on the panel of the master monitor unit.
%he interphone call light and the buzzer on the

called station control unit operate only while
tbe switch is depressed. It is possible to call
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(15)

a station control unit by simply using the inter-
phone cailing key, regardless of the position of
the other controls on this or other units. In
eddition it is possible for the master monitor
operator to connect any two or 211 stotion con-
trol units into the circuit so that any station
control operator may speek to any otker station
control operator as well 'as to the master monitor
operator. This is accompliched by merely depress-
ing the talk keys &t the master monitor unit.

Five interphone indicator csll lights, one for
each station control unit, are provided on the
panel of the master monitor unit. These lighte
are numbered from 1 to 5 to correspond to the
five station control units. It is also possible
to throw a2 buzzer into the circuit so that two
methods of signalling are available, or, it is
possible to disconnect the buzzer at the master
monitor by throwing a small toggle switch to

the "off" position. In connection with the in-
terphone buzzers it may be pointed out that they
are of the ordinary low frequency type. When
this equipment is installed on board ship it

is possible that some of the units will be in-
stalled in compartments where similar buzzers
are being used in connection with other activi-
ties. In order to prevent confusion among sig-
nals it is recommended that the buzzers supplied
with the TBN-2 equipment be of the high frequency
type so that the distinctive tone produced will
prevent the operators of various types of equip-

- ment from becoming confused.

(16)

Provision is made for permznently connecting &
combination hand set to the master monitor umit.
The mount provided for holding this hand set was
of the ordinary hook veriety which must be secured
to a vertical member, such as the side of a desk.
It is believed that a regular desk stand, such as
are supplied with the French telephone units, but
without the switch, would be more convenient and
satisfactory, and it is recommended that such
stands be supplied. In addition, each permanent-
ly connected hand set at &ll locztions should be
provided with a spring clip in order to secure it
in the mount so that the hand set will not become
dislodged or rattle under the influence of vibra-
tion or the rolling of a vessel in a heavy sea.



(17) Reference to Table 9, appended hereto, shows that
the dimensions of the master monitor unit exceed
slightly the specified dimencsions.

134, Par.34~-10. The telephone power unit is designed so that it may be
mounted beneath a desk, or on the desk, as desired. This unit requires very
1ittle attention or servicing beyond replacement of the 38180 rectifier tube
and sn infrequent adjustment of the low potential supply from the Rectox units.
mTable 44 lists the results of a two hour test conducted to determine the temp-
erature rise of the Rectox units when they were subjected to & 5 to 6 ampere
joed. Seven of these units are supplied, connected in parallel, and it is
doubtful whether they will ever be required to supply a five or six eompere
10ad for any length of time under service operation. The maximum load drawn
from these units with the equipment furnished for test was something less
than two amperes. It wlll be noted thet the temperature of the bottom row
rose 6°C in two hours, while the top row rose 9°. With the additional venti-
lation suggested in par./l of this report, it is believed that the telephone
power unit will give satisfactory operation from the temperature standpoint.
Table 9 lists the physical dimensions of this unit.

35. The telephone power unit obtains its energy from the 110-115
volt supply provided in the rectifier modulator unit and provides the neces-
sary potentials for operating the speech input equipment. The equipment is
so arranged that the microphone supply remzins on when the rest of the speech
input equipment is shut down. Some slight re-adjustment of the microphone
supply is required after installation to take care of aging of the Rectox
units. This is easily accomplished and it i1s understood that this adjust-
" ment must be made only once.

136. Par.3A-12, The telephonc power unit contains the necesseary
filters. These filters utilize capacitors of the electrolytic type as
suthorized on page 9 of the Contract Note.

137. Par.2A-13. The station control unit is of the cast aluminum type
of the dimensions listed in Table 9. The wmit is so designed that it is
water tight when the cover is closed. The door or cover hinges are located
at the bottom and & spring device has been provided to prevent the cover
from swinging when in the open position. The panel to which the controls
and indicators are secured is of two ply aluminum. The outer and thinner
layer is finished in black enamel upon which the legends have been etched
in e pleasing manner. Provision has been made for permanently connecting
the incoming cables from the master monitor and station extension units in
& water tight manner, regardless of whether the cover is open or closed.
The unit is so constructed that it may be secursly mounted to a bulkhead.
In accordance with the requirement contzined in “ontract Note, page 3, pro—
vicion has Dbeen made for securing the cover of the station control unit
in 2 horizontal position. When the cover is in the horizontal position
the equipment takes up considerably more space and it is believed that
this requirement serves no useful purpose. The shape of the cover, which
is concave, prevents it from being used as =a shelf for writing purposes
end the arm which holds it in plece is inclined to 'rattle. It is recom-
mended that the Bureau consider the advisability of cancelling the require-
ment which provides for the horizontsl position of thie cover. Attention
is also invited to par..Z2 of this report which suggests a re-arrangement
of the wiring to the terminal blocks in the station control unit. See
also par. 160 (I). "
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138. Per.3A-14. The station control unit ic provided with the fol-
jowing indiceting devices and controls, locsted on the front penel in a2
symmetrical manner.

(1) Four 3-pesition "remote-off-local®™ switches have
been provided, one for the contrel of each trans-
mitter channel. When in the local position the
microphone of the combination hand set is con-
nected to control the output of the transmitter
selected. It is also possible to control more
than one transmitter simultaneously from the
same microphone by simply selecting the desired
charnels through the use of these switches. When
any of these switches are throm to either local
or remote control the corresponding indicator
lights on all station control mmits and on the
master monitor unit light. When the switch is
throwmn to remote, conirol of that particular
transmitter is transferred to the corresponding
extension unit. Throwing more than one of these
switches to the remote position effects connection
only to the particular extension units desired and
does not connect the extension unit to more than
one transmitter channel. When g1l switches in one
transmitter circuit are in the "off" position, all
indicator lights are extinguished. These switches
also connect the ®talk-listen™ switch to the re-
ceiver circuits used and effect the necessary
reduction in signal for radio side tone operation.

(2) Four indicator lights have been provided, one for
each transmitter chamnel, to show when any such
circuit has been selected &t any point of control.

(3) Four 2-position Moff-local" receiver switches have
been provided, one for each receiver circuit, to
permit an operator at the station control unit to
select one or more receiver circuits and listen
simul taneously thereon, using the receiver of the
hend set combination. Use of these controls does
not energize the microphone or disconnect the re-
ceiver circuits from the station extension units.
Manipulation of two or more of these switches
simul tancously gives rise to 2 condition where the
station extension units are enabled to hear sig-
nals to which that particular extension is not con-
nected. For examnle, if extension No. 1 is con-
nected to Channel™A" and the station control
operator selects Channels “A" and "B" simulteneous-
ly, the operator at extension No. 1 can hear the
signal coming in over Channel "B". This signal
is decidedly weaker than the nmormal signal obtained
through Channel "A", but 1s perfectly readable if
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Channel ®A"™ ig not in use or hzs no incoming signal
at that perticular time. This same condition exists
at all extension umits and for all combinations of
the various channels. BManipulation of more than. two
receiver selector keys at the master monitor unit
gives rise to the same conditions. The signals are
coupled through any particular head set or hand set
which happens to be connected to two channels at the
same time. There appears to be no simple method of
overcoming this condition and,since the signal which
is ‘actually intended for any particular station ex-
tension unit always overrides the undesired signal,
the condition presents no serious difficulties other
than permitting an extension unit operator to listen
in on signals not actually intended for him.

(4) The station control unit is provided with an inter-
phone call light to Indicate when the operator at
the master monitor unit is calling the station. A
buzzer also announces the call while both light and
buzzer operate only while the control at the master
monitor station is in the call position.

(5) An interphone call button has been provided at the
station control unit to permit the operator to call
the master monitor operstor. Although the speci-
fications do not require interphone between. sta-
tion control units this method of communication is
actually provided, as explained in par.133(14) of
this report. It is recommended that no action be
taken to elininate this additional feature since
it would appear to serve a desirable and useful

purpose.

(6) A "talk-listen™ switch has been provided on the
panel of the station control unit and operates in
the manner described in par.133(10) of this report.

(7) An interphone-off-radio switch has been provided
for connecting the hand set to the desired circuit
or for removing it from both circuits.

(8) Separste telephone and microphone jacks have been
provided to permit comnecting a chest type micro-
phone and & 600 ohm head set. When the plugs of
these are inserted the corresponding portion of
the hand set combination is disconnected from the
circuit.

(9) A combination hand set, permanently connected, has
been provided. The hand set can be hung on a mount-
ing hook so arranged that the unit is housed within
the water-tight box when the cover is closed. (Sec
par.133 (16 of this report relative to providing
soring clins for secnrine hand sets.)



139. Par.3A-15. The station extention units provided are of cast
aluminum construction of the dimensions listed in Table 9. They are pro-
vided with watertight covers and are designed for bulkhead mounting.

(1) Provision has been made for connecting the shielded
cable from the station control umit to this unit in
such a manner that it is not affected by opening or
closing the cover.

(2) When the cover of the extension unit is open it is
possible to imsert plugs for connecting a microphone
and a head set. No two-circuit plugs were available
during this test but the mounting of the jacks is
such that it is believed that two circuit plugs will
fit if it is found desirable to use this type. The
receiver circuit supplied to the station extension
unit is in operation at all times as long as a Te-
ceiver is comnected and it is impossible for controls
at other locations to disconnect the receiver.

(3) A talk listen switch has been provided in compliance
with this paragraph and the Contract Note (page 10).

(4) Two chest type microphones were supplied with the
preliminary equipment.

140. Par.3A-16. The circuits and equipment required for voice modula-
tion of the high frequency unit, with the exception of the master monitor,
telephone power, station control, and station extension units, have been
assembled and combined with the rectifier unit as a combined modulator-
rectifier unit.

141. Par.3A-17. The modulator egquipment is capable of effecting
100% modulation of the final 500 watt stage of the high frequency trans-
mitter unit when supplied with a speech input from the master monitor unit
at & 6 milliwatt level. The determination of the percentage modulation was
made by means of a cathode ray oscillograph, the peak voltmeter method for
deternmining positive and negative peaks and by means of the modulation
meter provided as part of the modulator equipment. The audio frequency
distortion was determined at wvarious levels of modulation and under a
variety of conditions.

(a) Plate 1 is a graph showing the percent distortion
at various levels of modulation ranging from 10%
to 100%. The audio input during this test was
impressed directly across the input terminals of
the modulator unit, the master monitor unit cir-
cuits not being included in this test. The dis-
tortion was approximately 4% at 100% modulation,
which is well within the gpecification limit of
10%.
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(e)

(d)

(e)

(£)

(g)

Plate 2 is a graph showlng the percent distortion
at various levels of modulation, with the audio
input voltage impressed across amplifier terminals
Nos.29 and 30 of the master monitor unit. The
microphone ecircuit was not included in this test.
The distortion as measured was less than 4% at 100%
modulation.

Plate 3 shows the increase 1In distortion result-
ing from the introduction of the microphone cir-
cuit into the system under test as compared with
the distortion obtained when the input voltage
was impressed across the amplifier terminals
Nos. 29 end 30.

Plate 4 shows the increase in distortion, particu-
larly at the higher levels of modulation, resulting
from the use of a low emission tube in the line
amplifier. It should be noted that both tubes
comply with specification limits relative to emis-
sion.

Plate 5 shows the distortion characteristic of

the four channel amplifiers, "A" to "D" inclusive.
The audio input was impressed across the microphone
terminals. It will be noted that all four channels
gave similar results.

Table 43 shows the effect of the level indicators
which are connected across the output of the line
amplifiers. As pointed out previously, a noticeable
Increase in distortion results when the level indi-
cator is connected directly across the line without
any series resistance.

Teble 45 1lists the resulis of tests conducted to
determine the effect of varying values of d.c.
current in the microphone circuit upon the per-
centage of modulation. Tests were conducted at
300, 1,000, and 5,000 cycles. This effect, that
is, the reduction in percentage modulation with
increased d.c. microphone current, is still more
Pronounced in the region of 100 cycles.

From the foregoing data it will be observed that at no time was the speci-
fication 1imit of 10% distortion exceeded under sny circumstances.

142.

Par.34-18.

This paragraph states "The frequency charzcteristics

°f tne modulator and associated amplifier equipment shall be flet within
2 db over the range of 100 to 5,000 cycies."
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(2)

(b)

(a)

(£)

()

Plate 6 shows the frequency characteristic of the
equipment when the sudio voltage was impressed

irectly upon the input terminals of the modulator
unit. The master monitor circuiis were not included
in this test.

Plate 7 shows the frequency characteristic obtained
when the audio input voltage was impressed across
the microphone terminals in the modulator rectifier
unit. No d.c. current was permitted to flow in the
microphone circuit during this test.

Plate 8 shows the frequency characteristic obtained
when the audio input voltage was impressed across
the microphone terminals in the modulator rectificr
unit with 60 M.A. d.c. flowing in this circuit.

Plate 9 shows the frequency characteristic obtained
when the zudio input voltage was impressed across
the microphone terminals in the modulator rectifier
unit with 120 M.A. d.c. flowing in the microphone
circuit. The effect of the d.ec. current can be
plainly noted by comparing this curve with those in
Plates 7 and 8.

Plate 10 shows the frequency characteristic obtained
when the audio input voltage was impressed across
the input transformer terminals of one of the ampli-
fiers in the master monitor unit. (Terminals Nos.23
end 24). The microphone c¢ircuit was not included
in this test.

Plate 11 shows the frequency characteristic obtained
when the audio input voltage was impressed across the
microphone terminals in the master monitor unit. No
d.c. current was flowing in the microphone circuit
during this test. (Compare Plate 7 with Plate 11.)

Plate 12 shows the frequency characteristic obtainéd
when the audio input voltage was impressed across the
microphone terminals in the master monitor unit with
60 M.A. d.c. flowing in the microphone circuit. Plate
13 illustrates the circuit used in conducting this
test. (Compare Plate 8 with Plate 12.)

Plates 14, 15, and 16 show the frequency character-

istics of the amplificrs in the master monitor unit

teken under three different conditions. Plate 14

shows the results obtained when the measursments

were made between terminals 23 and 24, and 7 and 8.

Plate 15 included the output level indicator with

the attenuator set for minimum or zero attenuation.

Plate 16 shows the results obtalned with the attenua-

tor set on tap 5, the tap usually used for full output.

Tt will be noted that under all conditions of opera-

tion the frequency characteristic is substantially flat.
s



143. From the foregoing data it is appérent that the frequency char-
scteristic of the Model TBN-2 equipment fails to meet the requirements of
the specificetions (par.3A-18 of Specifications RE 13£ 497A) when overall
peacurements are made; that is, when the microphone circuit of the speech
input equipment is included in the circuits under test. It is also noted
that the freguency characteristic of the microphone circuit supplied in
the rectifier-modulator unit is flatter over the range of sudio frecuencies
.specified, 100 to 5,000 cycles, than the characteristic of the microphone
eircuits in the master monitor, station control or station extension units.
That the frequency charecteristic curves obtéined in these tesis represent
the true response of the circuits is amply borne out by listening tests
conducted at various locations. A& number of different observers, using
various types of receiving equipment, including RAB, RAB-1, and RAB-2¢
receivers, located at different points unfailingly reported thet the quelity
of speeck emanating from & microphone plugged into the moduletor-rectifier
unit speech circults was superior to that obtzined when the microphone cir-
cuits in the master monitor unit were employed.

144. In accordence with the instructions conteined in ref.(p), tests
were conducted with a Type E-1 sound power microphone, which was submitted
by the Buresu of Engincering. In order to compensate for the low level of
energy produced by this type of microphone it was necessary to resort to
sdditional emplification so that an output level of 6 milliwatts could be
obtained from the master monitor unit. This was accomplished by connect-
ing amplifiers "A"™ and "B" in the master monitor unit in series and ad-
justing the attenuation so that the desired level could be obtained.

Plate 17 shows the frequency characteristic obtained under these condi-
tions. Listening tests were conducted at = point removed from the trans-
mitter and different observers were requested to rate the received signals
in accordence with thei:r quality. The observers were unaware of the nature
of the tests &t the transmitting end. These tests consisted of the follow-
ing:

(1) Speech transmitted by meens of the regular
carbon microphone furnished with the equip-
ment, utilizing the microphone circuits as
supplied by the manufacturer. (Channel D
was used for this test.)

(2) Speech transmitted by means of the sound
power microphone, through the medium of
amplifiers "A" and "B" in cascade. A Type
166, General Radic telephone transformer
wes inserted in the circult between the
microphone end the input terminals of
amplifier "A" for impedance matching pur-
POSBSO

(3) Speech transmitted by means of the regular
carbon microphone furnished with the equip-
ment, utilizing the microphone circuit in
the modulator-rectifier unit.
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In all three tests the percentage of modulztion was held substentiszlly et the
szme level and the same operator transmitted the same message for &il three
conditions of test. The receiver adjustments remsined fixed, while two types
of hecdsets were employed; namely, the 600 ohm type and the 2200 ohm type.

145. The consensus of opinion &t the receiving end rated the guality
of the received speech in the following order:

First - Test 2
Second - Test 3
Third - Test 1

Both tests 2 and 3 were decidedly superior to test 1. While there was a
recognizable difference between tests 2 and 3, with test 2 giving the better
quelity, the difference was not &s marked as between test 2 or 3 and test 1.
In 2il cases the 600 ohm head sets produced the best quality. The signal
level of the 600 ohm phones appeared to be greater with the same receiver
setting. Due to the low output level obtained from the Western Electric
sound power microphone and the additional amplification required to produce
sufficient energy to bring the level up to workable amplitude, it is the
opinion of the Laboratory that this type of sound power microphone is not
suiteble for use in connection with the TBH-2 equipment.

146. In accordance with ref.(p) additional tests were conducted with
various types of microphones. The tests indicated that the results obtained
with the Western Electric carbon button microphone, hand set Type E-2, were
glmost identical with the results obtained with the chest type carbon button
microphone CW-51005. Therefore, these two microphones may be used inter-
changeebly. - The Stromberg Carlson microphone No, € did not produce as sat-
isfactory operation as the Western Electric carbon microphones with respect
to quaiity, intelligibility or output level and hence it is not considered
a satisfactory substitute. On July 29, 1935, three sound power microphones
Type PB-112-Bl were received from the RCA Manufacturing Company end these
microphones were also included in the comparative test. The relative out-
put levels obtained with the various microphones on average volce frequen-
cies are approximately as follows:

Western Electric carbon button microphone E-2 - zero db

Stromberg Carlson carbon button microphone No.6 - -1 to 2 db.
RCA sound power microphone, PB 112-El - -18 to 20 db.
Western Electric sound power microphone E~1 - -25 db

After numerous tests by various speakers and observers the two microphones
of each type which gave the most satisfactory performance were selected for
further comparison tests. These microphones were the Western Electric
carben button microphone, E-2, and the RCA sound power microphone PB 112-Bl.
Due to the very noticesble difference between the microphone circuit in the
, Daster monitor unit and the microphone circuit in the moduletor rectifier
unit the carbon microphones were tested in both circuits. "Since the sound
power miecrophones required the additional amplification supplied by the
38056 tube in the master monitor line anplifier the sound power microphone
could not be tested directly in the modulator rectifier unit. In order to
adapt the sound power microphone for service it was necessary to employ

an impedance matching transformer and for this purpose a Genersl Radio
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Type 166 trensformer was used. The microphone was connected to the primery
of this transformer and the secondery of the 166 transformer was connected to
the primery of the Input trencsformer of Channel "D" in the mester moniter
unit. Three conditions of operation were eriployed and the following teste
conducted:

Test WNo.l - Western Electric carbon button microphone
in the measter monitor unit microphone circuit.

Test No.2 - RCA sound power microphone connected to
Chennel "D" of the master moniter unit
through the Type 166 transformer.

Test No.3 - Western Electric carbon button microphone
in the modulator rectifier unit microphone
circuit.

Four speakers and ten listeners were selected from the Officer a&nd Enlisted
pergonnel of the Radio Materiel Schools in order to conduct the tests. Each
speaker enuncizted a list of ten unrelated words ranging from single syllzble
to multi-sylleble words for each condition of test. These words were selected
from the list of common words appearing in ordinary telephone conversations
as described in Bell Telephone System Technical Publication B-491 and from
the Navy Standerd Spelling List. Words were pronounced once only. Thus

each listener copied 120 words snd a totsl of 400 words was spoken over each
microphone. Reception was accomplished by means of an RAB-2a recéiver and
Type 49023 600 ohm head sets. The frequency of transmission was 2600 kilo-
cycles and the modulation level was adjusted so thet approximately 50 to 603
peaks were the maximun obtained under all conditions of test with all speak-
ers. At the end of the test each listener was requested to indicate which
test in his opinion sounded most natural and intelligible. Every word that
the listeners copied wrongly or failed to identify were considered as errors.

147. Table 54 appended hereto tabulates the results of this test. The
total errors made in the three tests were as follows:

Test No. 1 - 51 errors - 12.8%
Test No. 2 - 175 errors - 43.8%
Test No. 3 - 47 errors’ - 11.8%

Eight listeners voted preference for Test No.3,while two voted for Test No..l.
The second tsbulation in Table 54 lists the errors sccording te speskers,
indicating, as was to be expected, difference in the enunciation of various
individuals. The third tabulation in the teble lists the errors made on the
various speskers according to the microphone or microphone circuits used.

This indicates that regardless of the -individuel characteristics of a specker's
voice the ratio of errors of any one spezker was about the same as the ratic
of errors mede by all four speskers. The only exception is in the case of
Speaker "B",



148. From the foregoing results it is plainly evident that the sound
ower microphone will not be suitable for use in connection with the Model
TRN-2 equipment. It further illustrates that the type of nierophone cir-
cuit employed in the modulator rectifier unit produces speech of a quality
preferred by the averzge listener in the ratio of 4 to 1 over the qﬁality
of speech produced with the same microphone in the microphone circult of
the master monitor unit. The difference in understandability or intelli-
gibility between the two microphone circuits when employihg the same type
of microphone is not very great but what difference exists is in favor of
the microphone circuit employed in the modulzator rectifier unit. Since
the preference for the quality of speech produced by the microphone cir-
cult in the modulator rectifier unit is so marked it is recommended that
steps be teken to modify the microphone circuits in the master monitor,
station control, and station extension units (these circuits are identical)
in order to improve the quality. The modifications required to accomplish
this end are not extensive since it 1s believed that slight changes in the
cheracteristics of the audio choke coll and microphone transformer will
bring about the desired results.

149. Par.2A-19-1., A suiteble gain control attenuator has been incor-
porated in the rectifier-modulator unit which mey be adjusted from the front
panel. This control has & range of 30 db and is adjustable in 20 steps of
approximately 1.5 db each, thus providing & more flexible control than is
required by the specifications, which calls for a range of 25 db in 2 db
steps. With this attenuator set at approximately center position, an in-
put of 6 milliwetts to the modulator produces an output of 100% modulation
In order that this control may be readily adjusted to the same setting it
is recommended that it be provided with 2 dial and pointer. A cslibration.
mark for each step on the attenuator would be satisfactory. At the present
time this control is not provided with & dial or pointer.

150. Par.34-19-2. A modulstion meter calibrated in "percentsge
modulation” has been provided on the panel of the moduletor-rectifier
unit. When received this meter was inoperativc and in attempting to
operate the moduletor circults it flashed over. A representative of the
manufacturer returned the meter to the factory and a replacement meter
was later provided. This meter was reinstealled in the equipment and tests
were conducted to determine its accuracy. The checks were made in compari-
son with a cathode ray oscillograph znd a lodel OB modulation meter whichl
registers negative and positive pesks. The cathode ray was used as the
standard of comparison. The first tests reveasled that the moduletion.
meter in the modulator-rectifier unit, Type CAY-22230, read high over the
entire range by about 15%. The meter wes then adjusted to as near zero
setting as the adjustment would permit. The minimum point to which the
indicator could be adjusted corresponded to about 6% modulztion. After
this adjustment was macde the meter was sgain checked and it was found that
the error had decreased. Up to about 40 or 50% modulation the error is
negligible but above these levels the percentesge error increases, until
at 90% modulation it reads high by approximstely 10%. Plete 18, appended
hereto, shows graphically the results of the tests conducted with this
nmeter. After the foregoing tests had been completed, the rectifier modu-
lator unit, together with assoclated equipment, was subjected to tempera-
ture and humidity tests. During the course of these latter tests it was
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noted thet the pointer of the modulation meter stuck at the lower portion of
the scale. After the equipment had been removed from the temperature test
roor the pointer continued to stick and the meter wes removed from the equip-
ment. As soon as the meter was removed the needle or pointer appeared to

be free, so the instrument wes reinstalled. Agein the pointer stuck at the
jower portion of the scale. The meter was again removed and egain the needle
gppeared to be free. Particular pains were tsken tc see that the screws

by means of which the meter was secured tc the panel did not exert enough
pressure to bind the works and when the meter was removed from the equip-
ment approximately the seme weight was secured to the four studs in order

to duplicate installsation conditions. However, as long as the meter was

not installed in the rectifier modulator unit the pointer remained free,

but ‘would bind as soon as the meter was instzlled in its reguler location.

No definite reeson for this action could be determined.

151. On July 24 2 representative of the manufacturer submitted another
modulation meter for test. This meter was installed in the modulator unit
and the results of the test are shown in Plate 18. This latter meter is
referred to as "meter no.2", while the previous meter is referred to as
mmeter no.1"™. It will be noted that meter no.2 gave extremely sccurate re-
sults when tested in comparison with other methods of determining percentage
modulation. Therefore, from the standpoint of accuracy, meter no.2 was
entirely satisfactory. However, during the course of these tests, Condenser
-39, which. is & variable air condenser in the power amplifier tank circuit |
of the high frequency unit, arced over. The detuning resulting from this
arcing caused the power amplifier tube to draw about 425 milliamperes plate
current. Although the modulation meter was not under direct observation
at the instant the arcing occurred, it is believed that this overlozad
csused the modulation meter to burn out, since a few moments later it was
found that the modulation meter was inoperative. At the time the arc
over occurred the normal P.A. plate current was 270 m.a. and the freguency
of operation was 2600 kilocycles. Several times during the test of this
equipment on voice operation momentary arc overs occurred. During these
tests efforts were made to adjust the voice levels so that over modulation
would not result, although it is difficult to state with certainty that
peaks in excess of 100% did not occur. However, these same conditions
will be encountered in service operation and hence it appears that steps
must be undertaken to provide & power amplifier tank condenser which will
not arc over and & modulation meter which will not burn out in the presence
of ¢ ¢. plate current surges. The d.c. plate overload relay in the trans-
mitter was set as lightly as possible without opening up on keying surges;
nzmely, about 500 m.a. In general, it may be stated that the type of
RModulation meter provided is capable of providing accurate measurements,
but judging from the samples tested, this type of meter does not possess
a sufficient safety factor for service operation and means must be pro-
vided to protect the meter before it will be satisfactory for séervice use.

152. Par.3A-20. The indicating instruments provided on the panel
of the modulator equipment are listed in Tzble 34. It will be noted that
the instruments furnished are in agreement with the specifications es
modifizd by BuS&A letter of 7 February, 1935, NOs-38614(SPM) to Westing-
house Electric and Menufacturing Company, and are adequate for the proper
operation of the equipnent.
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153. Par.3A-21. The modulator equipment is provided with three stages
of push-pull amplification of satisfactory charzcteristies. The tube linec
up hes been discussed under par.36 of this report.

154. Par.3A~22. In addition to the talk-listen control circuit,
oparated by a key switch on the master monitor, station control, and station
extension units, provision has been made for voice control of the carrier.
This cireuit utilizes a 38110 tube. The specifications state that the op-
erstion of this feature shall be such that full carrier is obtained in less
than 0.015 second after the speech input to the modulator has reached a level
25 db below that required for complete modulation. After cessation of
speech the carrier shall be maintained for not less than two-tenths of =&
second to prevent cutting off the carrier between syllables or words. Suit-
able means shall be provided to adjust the sensitivity of the voice control
feature by mezns of a suitable control on the front panel of the eguipment.

155. A number of tests were conducted to determine the action of the
automatic voice relay. Considerable difficulty is experienced in accurately
adjusting the modulation to 25 db below that required for normal operation,
since it is difficult to measure a level of this magnitude. The equipment
employed indicated that the lowest level used in these tests was -22 db,
although this figure cannot be gusranteed to be correct closer than + 3
or 4 db. With the sensitivity control adjusted to the point which appeared
to give the best results for ordinary speech work & number of osclllograph-
ic records were obtained at speech input levels of -22 db, -6 db, and zero
db. Zero db equals 6 milliwatts output from the master monitor and the
volume control on the modulator rectifier unit was adjusted to the point
vhere this level would provide complete modulation. The results of the
oscillographic analysis revealed the following:

Tine for application of carrier Time carrier
after audio after audio voltage persisted
voltage was recched full normal after removal

Input Level aponlied level = of audio woltage
-22 db 0.065 sec. 0.048 sec 0.049 sec
-6 db 0.012 0.006 0.512
zero 0.014 0.006 0.609

The above figures represent thc average values obtained from a pumber of
testz conducted at the three levels specified. Plate 19 shows three of
the oscillograms obtained at levels of -22, -6, and zero. It would have
been possible to adjust the sensitivity of the equipment to a point where
the lowest input level would have given more rapid response but it is
felt that such extreme sensitivity would not be practicable under service
operating conditions, since very low noise levels would tend to turn on
the carrier. Therefore, in the opinion of the Laboratory, the spesech
relay as supplied is considered satisfactory. It will be noted that the
cerrier is maintained for more than 0.2 seconds after the audio voltage
hes been removed.
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155-A. Information obtained from the Interior Commmication Divirion
of the Laboratory reveals that the noise levels encountered in what may be
termed the more quiet spaces on board vessels of the type on which the
TEN-2 equipment is to be installed averages around 70 db above the threshold
of sudibility. In various other locations and under various conditions,such
as increased machinery speeds, tuning up of planes, etc., the nolse level
rises to 90 db and even 100 db. Tests were conducted vhich showed that the
sensitivity control provided on the speech relay could be adjusted to
operate on noise levels between 50 db and 90 db. This range of adjustment
was that provided by the sensitivity control only. A much wider range may
be obtained by varying the attenuation in the master monitor unit and by
verying the volume control on the modulator unit. It can readily be seen
that the speech relay must be adjusted so that it will not operate on a
noise level of at least 70 db, and probably 80 db above the threshold of
hearing. Therefore, the specification requirement that the speech relay
operate in 0.015 second after the speech input has reached a level of 25 db
below zero level of 6 milliwatts, will undoubtedly be foumd to be impracti-
cable on board ship. However, it is believed that experience under actuzsl
gervice conditions will readily indicate the degree of sensitivity neces-
sary and that this degree of sensitivity will be obtsinable with the con-
trols now provided on the TEN-2 equipment.

155-B. MNoise levels of the order of 80 db, with the attenuation
controls of the master monitor unit adjusted for normal operation, produce
outputs of approxinately 40% to 50% modulation. Thus it will be seen that
care nmust be exercised in selecting locations for the various miecrophone
units in order to avoid areas of high noise level.

156. Par.3A-23. Provision has been made in the design of the modula-
tor egquipment to permit the selection of either manual control or voice con-
trol of the carrisr. This is accomplished by means of a three position
anti-capacity switch with the "off" position in the center.

157. Par.3A-2,. Provision has been made so that voics control of
" the carrier as well as manual conirol operates the receiver input relays
on the master monitor unit to reduce the input to the receivers to a
satisfactory level.

158. The overall noise level of the equipment was determined at 50%
and 100% modulation. No microphones were. in the circuits when these mea-
surements were made. The noise level was 36 db below at 50% modulation
and 41 db down at 100% modulation.

159. In order to simplifly or clarify the handling of the speech in-
put equipment in service, the following changes and additions to the
nomenczlature used in designating certain controls is suggested.

(a) Station control wnit. ®Talk" switch should be

marked "Talk-Radio®. This switch is used only
for radio purposes and not for interphone use.
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(b) Station extension units. Each group of four sta-
tion extension units supplied with the station
control units should bear designating letters "Aw,
ngr, "Cr, and "D" to correspond to the channels to
which they are connected. These mar¥kings should
be visible whether the cover of the extension unit
is open or closed, which will call for double
marking. The markings should bte made in large
size, permznent letters.

(c) Haster moniitor unit. The suggestion contained in
par.7-3 of ref.(l) for isolating the various cir-
cuit controls on the pznel of the master monitor
by means of vertical and horizontal lines would
be of aid to cperators not thoroughly familiar
with the equipment.

160. On page 1.4 of ref.(2), the Bureau of Engineering requests comment
by the Laboratory of the various items discussed in Westinghouse Elcctric
and Manufacturing Company letter of Jenuary 9, 1935, WG-17535, which con-
stitutes ref.(r) of ref.(a). The following comments are submitted:

Par.(A). The necessity for increasing the weight allowance for
four-channel speech input equipment is obvious and has been euthorized
by BuS&A letter NOs-38614(SPM) of 5 March 1935.

Par.(B). The color and type of finishes used for the various items
of speech input equipment is satisfactory end will undoubtedly be in harmony
with the surroundings of the various comportments in which the units will be
located.

Par.(C). The use of nickel plated bress screws and hinges is to be
preferred to plated steel. In the preliminary model the hinges supplied ona
the master monitor unit and on the telephone power unit are of steel. These
should be replaced with nickel plated brass hinges, as discussed in par.47
of this report.

Par.(D). The design of the rear panel of the master monitor unit
is sstisfactory and will cause no inconvenience if the unit is installed
in a2 location whereby a clear space of about one foot is available to the
rear of the unit. The entire antenna circuit assembly may be removed fronm
the unit by sliding it out from the rear.

Par.(E). No comment.

Par.{F). The Laboratory is in agreement with the belief of the con-
tractor that the addition of an sudio oscillator for setting speech levels
would not be warranted. It is believed that when the equipment is installed
on board ship a few routine drills coupled with an eleri master monitor
operator will indicate the proper methods to be adopted for obtaining
satisfactory speech performance from the equipment.



Per.(G). Experiments conducted with receivers located adjecent to
the speech input equinment demonstrated that the buzzers contained in the
T8L-2 equipment do not cause any electrical interference in the receivers.
The master monitor unit, which is likely to be located near radio receivers
when instelled on board ship, has been provided with 2 buzzer cut-off switch.
Thus if the buzzer causes aural interference it can be dispensed with end the
master monitor operator can depend on visual signels from the indicator lamps.

Par.(H). The equipment as furnished provides for both "radio side
tone" and "streight side tone®™ operation. Both of these methods were check-
ed thoroughly and both operated satisfactorily. Of course, radin side tone
is to be preferred since it gives direct assurance that the speech is actu-
glly being transmitted. Various combinations of antennas were connected to
the master monitor unit and various patching combinations were utilized with-
out any interference between receivers being noted. This included the opera-
tion of two receivers, tuned to adjacent frequencies, utilizing the same on-
tenna. Since only one high frequency unit was furnished with the preliminary
model exasct duplication of simultaneous four-channel operation could not be
obtained. However, by employing the signals from locel broadcasting stations
vhile the high frequency unit was in operation, the results indicated that
satisfactory operation may be expected. Some interaction between antennas
is obtained, but the interaction experienced during these tests was of such
g nature that it did not interfere with normal operation. For example;
with receiver "A" connected to an antemnsa, but no antenns connected to re-
ceiver "BY, signals of low intensity were heard on receiver "B", due co the
stray pick-up in the antenna gear. However, these signels were alweys a
leest 20 db down from the level they would essume when & satisfactory anten-
na was connected to receiver "B". A test of straight side tone was made and
satisfactory results were obtained. The change from radioc to straight side
tone can be accomplished by changing a few connections, in accordance with
instructions contained in the instruction books, at the various locations,
such as station extension and station control units.

Par.{I). The friction type fastening for holding the covers of the
watertight station control and station extension umits will prove satir-
factory if care is exercised in the fit of the pin and socket by means of
which the clsmping action is obtained. The station control and station ex-
tension units were mounted on the test stand as illustrated in Plate 27 end
subjected to & roll of 45°. No trouble was experienced with the smaller
station extension units but the cover of one of the station control units
would swing free et the end of the 45° roll and in the presence of vibra-
tion. The tension on the second station control unit is so intence that
it is difficult to dislodge the door from its vertical position by main
force. This apparently is due to a deformed pin or to some irremuisrity
in the socket. If these pin and socket arrangements are machined and ad-
Justed to give a tension approximately halfl way between the two degrees
now provided, they will prove satisfactory.

Par.(J). In connection with the choice of interconnecting cables,
the Laboratory is of the opinion that the suggestion made in par.3 on
page 18 of ref.(2) will prove most satisfactory.

-
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161. Refer to page 15 of ref.(z). With respect to the discussion con-
tained in BuBng 3rd endorsement NOs-38614 (1-8-W8) of 23 Feb.1935 to PuSkA,
the following comments are submitted. Both the hand set and the chest type
of microphones submitted with the equipment were tested in the "test posi-
tion" on the modulator unit. A check of the microphones revealed the fol-
lowings

Hand set in master monitor draws 60 m.a. d.c.
Hend set in modulater unit draws 120 m.2. d.c.

Chest microphone in master monitor draws 30 m.a.
Chest microphone in modulator draws 60 m.s.

The voltage drop across the hand set in the modulator wnit is 2 volts while
the drop across the chest type is 13 volts. Both types of microphones give
essentially the same speech quality as near as ~ould be determined from
listening tests. In the interests of flexibility end eese of handling it
is recommended that each modulator unit be provided with a hand set type of
microphone rather than the chest type. It is believed that the hand type
will be more convenient for the transmitting room operator to handle. Meaus
chould be provided for hanging up the microphone on the panel of the modu-
lator unit in a convenient locatlon and further means should be provided

to prevent it from going adrift in a heavy sea, or rattling sround under
the influence of vibration. As previously stated, each modulator unit
should be provided with such a& microphone. The microphone power supply in
the modulator unit is complete and independent and does not reguire the
operation of the telephone power unit.

162. Per.2 of the above cited reference contains the following state-
ment. "In view of this similarity and the fact that one of the station con-
trol units (in the case of four-channel equipment) will be installed near
the transmitter, the additional microphone for local test purposes will not
be required". Attention is invited to thc fact that the hand set which is
furnished as a pert of the station control uniis is permanently connected
to these units and cannot be removed. Hence, even though a station control
unit is located near the modulator unit, it will be necessary to rrovide
additional microphones.

163. Reference: par.? of ref.(2). Two Navy type receivers were nsed
in conjunction with thé tests of the speach input eguipment, one Type RAR
and one RAB-22. The latter receiver contain:c a carrier operated automatic
volune control. Satisfactory results were obtained with both types of re-
ceivers. The advantages in using the RAB-2a consist in the establirshment
of a constant signal lesvel and the phenomena whare the presence of the
carrier lowers the noise level in the receiver.

16/. Reference: page 18 of ref.(aj. The Laboratory concurs in the
opinion of the contractor that alternative no.3 will prove to be the most
satisfactory solution of the problem of providing adequate interconnection
czbles. This provides for thc use of a standard Havy TPTA-30 cables and
an additional no.4 conductor for the ground return.

165. Par.5-1 to 5-7 incl. Tre equipnent furnished is so constructed
thet it complirs with the resuirerments of these peregraphs of the speci-
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166, Par.5-8. The keying releys of the high freouency and inter-
mediate frequency units operate satisfactorily st speeds up to 100 words
per minute, as illustrated in the attsched osrillagrems, Plates 20 to 23
ineclusive.

167. Par.5-9. An indieator lamp has heen vrovided on the trsinsait.-
ter nanel of ezch transmitier unit in acecrdance with the specifizetions
and provision has been made for the comnection of an external monitor HHeght,
The circuit is the same as supplied with the Model TBK equipment, and =
false indication may be obtained as expleined on page 21, par.ll5 of NRL
Report No. R-1087.

168. Par.5-10. Prominently marked emergency switches have been sup-
plied on the panels of the intermedizte frequency, higch frequency, and
modulator-rectifier units.

170. Per.5-11. The current required in the transmitter remote
start-stop control circuits is approximately 0.5 ampere.

171, Par.5-24. A suitable source of 110 volts a.c. has been provided
in thc equipment through the medium of a step-down transformer in the recti-
fier unit. It was noted that all a.c. contactors operate guietly. A source
of 110 volts d.c. consisting of a full wave rectifier utilizing two Rectigon
tubes is provided for the operation of relays which demand d.c. potentials.

172. Par.5-25. The emergency shut dowm feature is so arranged that
it is impossible to re-start the equipment from any other point than the
locution &t which the emergency shut down was accomplished.

173. Par.6-3. The equipment functions satisfectorily when subjected
to supply line voltage variations between the limits of + 5%.

174. Par.6-4. The power equipment operates satisfactorily when sub-
jected to full power key locked operstion for periods of two hours or more.

175. Par.6-5. Reference to Table 47 shows that the intermediate fre-
quency unit requires 3800 watts for full power operation on CW and 3220
watts for full power MCW operation. Table 48 shows that the high frequen-
cy unit requires 3350 watts for CW operation, full power and 4010 watts for
full power, 100% modulation, when operating as telephons equipment. These
tables also 1list the power consumed when operating on the various voliage
taps of the rectifier, the power output obtained and the power required for
the wvarious individusl circuits in the equipment. The specifications have
been complied with in &1l cases and for all types of operation.

176. Per.6-4l. The rectifiers necessary for the operation of the
equipment sre contained in a single unit of the dimensions listed in Table
9. The modulator equipment is contsined in the same unit.

177. Pars.6-42, 6-43, end 6-44. The individual rectifiers supplied
in thiz unit conform to the requirements of these paragrsphs of the speci-
fications.
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178. Par.5-45. The efficiency of conversion of the main plate recti-
fier, using the intermediate frequency trensmitter as a load at full power
output was 83.7%, as shown in Table 49.

179. Par.6-/6. The voltege regulation of the verious rectificrs
complies with the gpecification requirements, ss illustrated in Table <0,

180. Par.6-47. The voltege ripple content in the output of the veri-
ouc rectifiers complies with the requirements of the specifications as il-
justrcted in Table 51.

181, Par.6-48. OSuitable time delay relays have been provided tc per-
mit the filaments of the rectifier tubes to attain full operating tempera-
ture before the application of plate potentisal.

182. Par.6-49. L suitsble undervoltege relay has been incorporated
in the rectifier which operaztes an alzrm and removes plate voltage when the
line voltzge drops te a value too low for safe operstion.

183. Par.6-50. A rugged 7-point tep switch has been provided on the
panel of the rectifier unit through the medium of which it is possible to
control the output voltzge of the mair plate rectifier. Table 52 lists the
output voltages obtained with various settings of the tap switch. The
veriation provided conforms with the requirements of the specificetions.

184. Par.6-52. All tubes in the rectifier equipment are accessible
through & door ir the front pancl of the umit.

185. Par.6-53. Suitable indicating instruments, whose eccuracy con-
forms with the requirements of the goverming specifications, have been in-
corperated in the rectifier equipment. Table 3/ lists the meters provided.
The output voltage of the various rectifiers is read by mesns of 2 single
meter vhich is switched from one circuit to ancther through the medium of
e ruggedly constructed tap switch.

186. Par.6-5L. £ source of 115 volts d.c. has been provided in the
rectifier unit.

187. Par.6-55. The total power required from the supply mains for
the operation of this eculipment is less than the amount permitted by the
governing specifications.

188, Par.6-56. A main switch has been provided on the panel of the
rectvifier equipnent for removing power from gll units. This switch com-
bines the function of switch and overload protection znd should be modi-
fied to provide protection &t lower currents as described in par.50(s)
of this report. A suitable emergency switch has been provided on the
rectifier panel.

189. Por.6-58. Suitable overload releys in accordence with the re-
quirements of this psragraph of the specifications have been provided in
the rectifier unit.
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190. Psr.6-59. The rectifier tube compertment has been equipped with
a thermostatically controlled heating circuit which preventis the temperature
of thic compertment from dropping below 15° C. Reference to Tables 16 to 21
inclusive show that &t zero degrees C. the tube comp:irtment was maintaired
at o temperature of zpproximately 20° while in an ambient temperature cf
50°C, the tube compertment temperature was between 60 and 65°,

191. Par.6-60. The rectifier equipment is sc designed that it may be
instelled adjacent to either or both of the trancmitter units or as a
seperate unit as required for any particwar instailation,

192. Par.6-61. A local stert-stop switch on the rectifier unit has
not been actueglly provided, although it is possible to start the rectifier
from the rectifier position. The means provided for doing this operate as
follows. Switch 5-107 on the panel of the rectifier unit provides mcans
for epplying the necessary voltages to the high freguency wmit or the inter-
medinte freguency unit or confiring the voltages tec the rectifier wmit, as
described in par,76 of this report. One portion of £-107 consists of a
multi-contact drum type switch. Thus when the switch is throm te recti.
fier test position the rectifier is automatically started and will remain
in operation umtil switch S-107 is moved to one of the other three posi-
tions. Although this arrangement pocsesses certsin commendable featurec,
it is believed that it does not definitely meet the recuirements of ths
specifications, since no local "stert-stop" ewitch is provided. It is
recommended that such a local start-stop switch be nrovided on the panel
of the rectifier unit so that when the transfer switch S-107 is in "Recti-
fier Test™ position, the operator will be provicded with a means of turn-
ing on and off the rectifier withoult the necessity of throwing switeh S.107
to snother position. # snitable emergency switch has been provided, as
nreviously stated.

193, Par.6-62. The vorions switches and controls on the rectifier
nodulater unit are suitably marked with the excenticn of the volume con-
tro?, es pointed out in par.14% of this report. £ list of the conirols
provided on the modulator rectifier unit will be found in Teble 532. The
filenent "Stand-By® cwitch mentioncd has been provided so that plate po-
tenticls may be available immediztely without waiting for the time delay
relcy to operste. Although.. the specifications dié not require the con-
tractor to supply this device it is considered to be a very useful adjunct
and should be retained. In the various positions of the transfer switch
the filement stend-by switch operates as fellows:

Pos. 1, H.F. Trancmitter CW-MCW: Controls the rectifier
{ilaments.

Pos. 2, H.F. Transmitter, Phone: Controls the rectifier
and modulator filaments.

Pos. 3, Rectifier Test: has no control over filaments.

Pod. 4, Intermedieste frequency transmitter: Controls the
rectifier filaments.



194. Par.6-65. Suitsble insulated hand reils have been nrovided on
the rectifier moduiator wnit. OSee par.l26 of this report for o dezerin-
tion of these hand reils.

195. Par.6-66. The equipnment es furnished comwlies with tho require.
ments as outlinzd ir this paragraph of the spocificaticns ir order to pro-
vide for alternate operation of the high frecuercy and intermedicte fre-
cuency mits and to provide for voice operation of the high freguency unit.

200. Section VII. The specifications do not require the furnishing
of spare parts with the preliminary model for test purposes.

201. Section VIIT. The bidders descriptive specificaticns, refs.(e)
end (f) comply with the requirements of this section of the governing
speekications.

202. ©Section IX. The instructions furnished with the preliminary
model were complete and adequate for placing the equipnent into operation.
In this connectien it is pointed out that the contrasctor furniched a
complete set of inter-connection cables, properly merked, for the entire
equipment. This additional service is of great value since it greatly
simplifies the work of plscing the equipment into operation, reduces the
possibilities of making errors in the initisl set-up and effects a con-
siderable savirg in the cost of conducting the tests. It would appear
desirable that in future contracts involving the test of preliminary
models, that the contrzct be so worded as to require the contractor to
furnish a couplete set of interconnection cables for the period of the
test, the cables to remain the property of the contractor and to be re-
turned to him at the completion of the tests. Since it ic necessary for
the menufacturer to provide these czbles in order to conduct his own
tests, this additional requirement should not involve a material incresse
in cost end will effect a considerable saving to the Navy.

203. Section X, The materizl covered by this section of the speci-
fications hes been discussed in detail under the preceding sections of
the specifications. In conformity with the authority contained in
par.10-8 the following additicnal tests were conducted.

204. Each phese of the 440 volt supply wes grounded, one after the
other, to determine whether such grounds influenced the emitted signal
of the transmitter or interferred with operation in any respect. No
effects, whatever, could be noted when such direct grounds were applied
te the power supply lines.

205. RAA and RAB receivers were set up adjecent to the rectifier
equipment to determinc whether the rectifier tubes or any of the a.c.
operated equipment created interference ir the receivers. As in pre-
vicus tests of this nature, some interference was detected at frequen-
cies below 50 kilocycles, when the sntenna lead was brought very close
to the rectifier equipment and the gain control of the receiver was ad-
Justed to higher than the usual sensitfvity. It is believed that this
type of interference will have mo i1l effect upon receivers operating
under normal conditions.
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206. Buresu of dngineering 1st endorsement, N0s-2861/ (5-31-TR) of
11 June 1935 regue?*né the Leboratory to comment on the warious points
cited in ref.(1}. These points sre discussed, item bty item, in the foi-
1ovirg parcgrephs of this report. Reference s mzde to the parsgreph
punbers of the Inspecter's letter.

207. 2-1. The pew type of 1iftinc device referred to is a distinct
improvenent over the former type end gpproval for its use should be granted.

2-2. The caost aluminum panels and doors provided on the pre-
1iminery model are excel.ent iv appesrance and are strong end rugged. fp-
proval for use of this type of constructicn should be granted.

2~-3. The type of wire supplied irn the I.F. unit ic satis-
factory and approvel for its use in the entire equipment is recommended.

2~4. No comment.

2-5. Certain items in the preliminary mndel were not supplied
with type number designations. As explained, type numbers will be pro-
vided in the production equipment.

2-6. It is recommended that suitable mercury thermometers be
provided for indicating the temperature of the master oscillator compart-
ment. During previocus tests of varicus types of egquipments it was often
noted that the reading of the thermometer was influenced by the anmbient
temperature. As commented on by the Inspeclor end the contrzetor,this
was not en indicaticn that the temperature within the compartment had
changed radically, since the freguency measurements indicated that the
cabinet tempercture must have remained substentizlly constent. In order
to avoid stem effects and yet make provicien to heve the thermometer proper-
1y protected ageinst physical damege and to provicde a convenient location
for the gradusted portion of the instruoent, undue complicationc would
result. It would appesr reasonable to consider the thermometer oc an
indicating instrument the purpose of which was to inform the operator that
the heater system of the master compariment was functioning and that no
unduc importance should be attached to minor variaticns in the readings.

208. 4-1. The same type of 1ifting eyes will be sultable for the
rectifier unit.

4-2. The tests conducted with this eguipment have indicated
that the substitution of 38056 tubes in place of 38110 tubes in the first
stage of the zudic system is entirely satisfactory. [Distortion meesure-
ments, the determinztion of frequency characteristics, noise level meusure-
ments and power output tests indicate that the 38056 are adequate for the
purpose intended. As pointed out previously, the 28056 will effect
economy in first cost and replncements. It is recommended that apprevel
be gronted for the use of 38056 tubes in this loceticn.



A=3. It is recommended that &pprovel be granted to incresse the
time of operaticn of the voice relsy at -25 db level from 0.015 second o
0.030 second. As pointed out in the discussion under par.l55-A of this
report it is believed that due to the noise levels encovniered on vessels
in the Navy that it will be found impracticable to operate the voice relsy
et maximum sensitivity.

4-4. The distortion end frequency characteristic curves sub-
mitted with the type test date are in close agreenent with the date ob-
tained during the tests at the Navel Resesrch Loboratory. Attention is in-
vited to the fect that these curves represent the characteristics of the
circuits contained in the modulator-rectifier and high frequenecy trenemit-
ter units. A lerge verietion between this data and data obtained when the
master monitor unit wes included in the test circuit wes obtained as il-~
lustrated in the pletes zttached to this report.

4~5. Table 50 appended to this report shows that the measure-
ments made at the Naval Reseerch Laboratory determined the voltage regu-
lation of the main plate rectifier to be 5.4%. This slight increase above
the specification velue might well be sttributed to observational errors.
In this comnection it is interesting to note that the voltage regulation
of & rectifier ie influenced by the wave shape of the primery voltage.
The regulation of this rectifier was studied when operating on two differ-
ent sources. The source which had a wave form very closely approaching a
true sine wave gave the regulation figure of 5.4%. Another source, which
under certain conditions of cperation &pparently had a wave form contain-
ing saw tooth characteristics gave a reguletion figure of approxinately
7%. It would appear unjustified to hold the filter system of a rectifier
responsible for the vagaries and diccrepancies existing in the source of
supply. In the opinion of the Lazboretory the rectifiers as supplied are
sultzble for the purpose intended and essentislly meet the requirements
of the specifications.

4L~6. Recommend spproval.
4-7 and /-8. Hecommend approvel.
4L-9. Fhgree with the comments of the Inspector.

209. 5-1. M1 terminal merkings and markings on the various couno-
nent units should be made in a permanent manner. The recommendations of
the Inspector should be complied with.

5-2. The thickness of the door catches should be increzsed
to provide additional strength as recommended by the Inspector. In
eddition, attention is invited to the comments in pear..0 of this report.

5-3. The Laboratory has consictently recommended that the
identifying symbols of the various units should be placed nesr rather
than on z replaceasble pert and agrees with the recommendetion of the
Inspector in this respect.
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221, Sub-par.3(k). The frequency of the sudio oscillator was measured
pefore and after a two hour key locked run and no appreciable differsnce
wos noted. Taeble 37 tabulates the percentage of positive and negative
peaks noted. In some instances the value of the negative peaks exceeded
100%, or, since 1i% is not possible to actually obtain more than 100% nega-
tive peaks, it should be stated that the voltage reached zero level and
remained at zero for a considerable portion of the negative half cycle.
This over-modulation, if sufficiently great, might tend to reduce the
power somewhat on the desired frequency due to the generation of harmonies.
However, since the purpose of the MCW method of operation is to produce a
broad signel for emergency purposes it is believed that the equipment as
submitted is satisfactory. A slight reduction in the modulating voltage
could be made, if desired, to prevent sericus over-modulation.

222. Sub-par.3{1). The type of equipment used and the methods em-
‘ployed are listed under the section of this report headed "Method of Test™
and under "Probable Errors in Results". Additional information is combained
in the plates presenting the frequency charscteristics obtained under vari-
ous conditions of opersation.

223. Ref.(q) forwarded comments from the Westinghouse Electric and
Manufacturing Company and the Inspector of Naval Material, Hartford, in
connection with proposed changes in the construction of the rotor spacers
in the intermediate frequency unit antenna variometer and in the insulators
employed on the P.A. coil. It is recommended that the rotor specers in the
antenna variometer be made of Isolantite, since as pointed out in par.48 of
this report, the Micalex strips now employed are cracked and are not con-
sidered suitable. The insulators now employed in the P.A. tank coil are
of Isolantite and have proved satisfactory.

224. A summary of the defects noted and such items as do noi comply
with the requirements of the governing specifications, together with sug-
gested changes which it is believed will improve the performance of the
Model TBN-2 equipment, are listed below. The numerals enclosed in paren-
theses refer to the paragreph of this report under which these items are
discussed in detail. ‘

(;) (35) Several items of carbon non-standard resistors
are employed.

(b) (36) Two 38056 vacuum tubes are employed in the audlo
amplifier; specifications call for 38110 tubes.

(¢} (40) Front panel of master monitor unit should be
strengthened; more secure means for festening
front panel should be provided.

(8) (41) Additional doors recommended on sides of tele-
phone power units additional perforations recom-
mended in top cover of telephone power unit.

(e} (42) Method of wiring terminal blocks in station
control units should be modified.
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(£)

(8)
(n)

(1)

(3)

(k)

(1)

(m)

(n)

(o)

(p)
(a)

(r)

(s)

(t)

(43) Stowage space for microphone and head set
recommended in station extemsion unit.

(46) Certain items not proof against corrosion.

(47) Steel parts are used in the construction
of the speech input equipment.

(48) Micalex supporting strips in antenna tun-
ing inductance of I.F. unit are split;
bakelite has been used to insulate poten-
tials in excess of 500 volts in H.F. unit.

(50) "Deion™ breaker does not provide adequate
protection; overload relays in I.F. unit
could not be adjusted to operate properly;
use of oil in dash pot releys should be
clearly described in instructions.

(53) Top of rectifier-modulator unit should be
provided with perforations for ventilation

purposes.

(54-a) Power amplificr plate choke in H.F. unit
overheated.

(54-b) Audio oscillator circuit in I.F. unit
overheated; power amplifier plate choke
in I.F. unit overheated.

(58-c) Fuse in telephone power unit open circuited
due to vibration.

(61 and 149) Volume control on modulator unit
should be supplied with a dial and
peinter.

(66) Comnections to key relay in I.F. unit should
be modified.

(70) 38110 tube socket in speech reley circuit
is not marked.

(81-a) Sequence of control markings on L.F. unit
should be modified; provide stop on Control
nEpr of I.F. unit.

(82) Calibration card on E.F. unit has provision
for only 10 frecquencies.

(96) Frequency tolerance exceeded at 1000 kilo-
cycles and 2000 kilocycles.
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(u)

(v)

(w)

(x)
(v)
(2)
(aa)

(bb)

(ce)
(aa)
(ee)

(££)

-,
o
oa
—

(hh)

(1)
(i3)

(97) Compensating condenser in H.F. unit requires
investigation; grounding strip should be more
flexible on master oscillator compsartment.

(111) Power output of I.F. unit at 300 and 500 kilo-
cycles deficient in low resistance antennsas.

(115) Frequency per division of marking of I.F.
master oscillator dial does not conform with
specificetions. (No change recommended.)

(126) Height of hand rails gbove deck should be
uniform on all units.

(127-a) Frequency change of I.F. unit due to shock
test exceeds specification limit.

(129-d) Audio frequency level changes with addition
of microphones.

(133-1) Channel "D" output level indicator sticks
at mid scale position.

(133-5) Range switches on transmitter line level
indicators affect percentage modulation
and percentage of distortion.

(133-15) Recommend high frequency buzzers in place
of the low frequency buczers now supplied.

(133-16) Desk stand in place of hook is recommended
for master monitor unit combination hand set.

{133-17) Dinmensions of master monitor unit exceed
specification limits.

(137) Recommend cancelling requirement stating that
door of station control unit shall be held
~in horizontal positicn.

(138-3) Simultaneous operation of more than one
selector contrel gives rise to "eross talk®
2t stetion extension units.

(142 and 143) Freouency characteristic of speech
input equipment does not comply with flat-
ness of response required by specifications.

(148) Recommend improvement in microphone circuits.

(150 and 151) Modulation meter inoperative when
received; second meter sticks; third meter
failed due to overload; P.L. tank condenser
in H.F. unit arcs over on voice operation.



(kk) (154-155.8) Recponze of speech relsr at -25 @b
not in accordance with spreificatione.

(11) (159) Chenges in marking snd econtrol desigations
recommended on station control uni%, station
extension mnits eand master monitor wunit.

(mm) (160 par.I) Adjustment of friction locks for hold-
ing doors of station contro! wniis in vertiesal
position when open should be imoproved.

(nn) (161 and 162) Hand type microphone unit recommended
for each meodulator unit together with means
for securing same when not in use.

(00) (192) No separate "start-stop" switch provided on
-rectifier modulator unit.

(pp) (206 to 222 inclusive) The recommendations and
suggestions of the Inspector of Navsl Materiel,
Hartford,. as approved in these paragraphs,
should be complied with.

CONCLUSIONS

225. The external appearsnce of the equipment is excellent; the con-
trols are rugged and well located and the acceseibility provided is as
great as the limiting conditions permit. The internal wiring is orderly
end of good quality, securely held in plece end protected where neceszary.
Tre component parts comprising the verious assemblies are srranged and
‘ocated with a view of effecting economy in space, orderly appeerance and
yet permit as great eccessibility for servicing operaticns es poscible.

In generel, the essemblics reflect engineering skill, good desisn. rood
workmanship, and efforts to comply with the requirements of Navy Specifica-
tions.

226. Both tramsmitting wnits produce the required emount, or more
than the regquired power output, except in the regicn of 200 to 500 kilo-
cycles, when employing the restricted antennsa constents recuired by Navy
conditicns. The tuning adjustments are simple and direct and flexible
antenmns coupling eircuits have been provided.

227. lio major operationel feilures occurred during the course of
extensive tests. OCOertain difficulties were encountered from which it is
concluded that further attenticn is required to provide a power emplifier
choke for the intermediate frequency wnit which will withstand continuous
operation at all1 frequencies within the range of the transmitter without
overheeting and that the design of the 800 cycle audio oscillator circuit
in the intermediste frequency unit should be emended to preveni over-
heeting.
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228, With respect to the speech input equipment &nd voice operation
the tesus showed thsat the microphons eircuits reouire certzin modificoticons
if more natural ané desireble cualities of speech are to be retasined. The
i present circuits produce understendable speech but a distinct difference
“ 3a noted between the microphone circuits supplied in the modulator wnit
and the microphone circuits incorporated in the master nonitor, statien
control and stetion extension units, the former eircuit producing the
petter quality. The results of tests indicate that the carbon button type
of microphone is more suitable for use with this equipment than the sound
power type of microphone.

229, The modulation meters provided for monitoring the eguipment are
czpable of accurate indications but are subject to failure from severcl
causes. JIhese conditions must be overcome before the modulation meter can.
be considered satisfactory for service use. In addition, precautions rmust
pe teken and means provided to prevent arc overs occurring within the trans-
mitter whern high level moduletion is being used.

230. The speech input circuits have been provicded with exceedingly
flexible controls which appear adequate for coping with all normasl condi-
tions of operation. Precautions must be observed, however, that resson-
able voice levels sre maintained at the various points of control since
move than one operator may be employing the same speech chennel; that the
microphones are not subjected to prohibitive noise levels, particularly
when voice control of the carrier is being used and that 2ll operators
and observers endeavor to adjust themselves to the levels of speech and
hearing set by the master control operator in order to minimize the dif-
ficulties resulting from the veriations between individusl charscteris-
tics of speech and hearing.

231l. From observing the operation of this type of eguipment, it is
evident that certain methods of operation snd policy which are not n2ces-
sary in conncction with CW operation will have to be formulated and ob-
served in order to meintein the equipment at a high state of efficiency.
Abnormzl overloading of circuits must be aveided, proper moduvlstion
levels must be maintained, power cutput reduction schould not be accomplish-
ed by reducing the potentizls applieg to the tubes and the varicus vacuum
tubes employed in connection with voice operation cannot be used wntil the
last bit of 1ife has been extracted from them, if high quality oneration
is to be realized.

232. A number of chenges, modifications, and corrections are indi-
cated in order to provide greater safety factors, improve operation of
the equipment and to effect greater eace in handling by the operating
personnel. 4

233. The fact that the equipment successfully withstood extensive
tests over a period of several months wherein it was subjected to the
difficult conditions encountered on board Navel vessels, ag nearly as
Laboratory conditions would permit, including numerous overload tests,
locked key operation at full power for periods as long as eight hours,
Severe vitration, shock &nd the motion designed to simulate the rolling
of & vessel, verietions in temperature from zero to 50° C, conditions of
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hirh rumidity wherein the equipment wes actually saturated for several
pours, indicates that the apparatus is well designed, well constructed,
and pocsesses liberal safety fectors vhich should insure relicble opera-
tion in the Naval Service.
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0915
0930
0945
1000
1015
1030
1045
1100
1115

Antenna resistance:

TABLE 1

Model TEN-2 Transmitter (Preliminary Model)

High Frequency Telephone Unit

2 HOUR LOCKED KEY ENDURANCE TEST, 100% MODULATION, 2000 KC

AT FULL POWER QUTPUT.

Test 25 per paragraph 2-15 of Specifications RE 134 497A

Percent Input Zmp. Inter.Amp.

Mod.

100
99
9
98
38
98
97
96
98

trial inspection showed no signs of damage or overheating.

Model TBN-2 Transmitter (Preliminary Hodel)

—1Ip

Mod. Mod.
Ip
9.0 150
9.0 150
9.0 150
9.0 149
9.0 148
9.0 148
9.0 149
8.7 148
8.8 149

Modulator

Ip RF P.A. Plate int.
A _#2 Ip Volts 1
118 108 270 2650 8.5
118 106 270 2650 8.5
117 105 270 2660 8.5
116 104 270 2650 8.5
116 104 268 2650 8.2
116 104 269 2660 8.4
116 104 270 2660 8.4
114 103 265 2620 8.3
Y 105 268 2660 8.4

TABLE 2

High Frequency Unit

2 HOUR LOCKED KEY ENDURANCE TEST, MCW, 2000 KC, FULL POWER.

Test as per paragraph Z-15 of Specifications RE 134 A97A.

Antenna
Current

mmmmmmmmg&
L] L - . L ]
CO0O0COoOOHHM

)

P.A, Aud.Qsc.
0 - (AR, - . S
260 48
262 48
260 48
262 50
262 50
261 50
261 50
261 50
261 50
6 ohms

Percent Mod.

Neg.  Fos.

12
12
12
12
12
11
il
11
11

Watts
MCW

394
394
384
384
384
384
384
384
384

Plate voltage: 3000
Post trial inspection showed no signe of overheating in the equipment.

Temp. of
Aud. Trsf.

40
45
51
55.5
60
62
64,
65
65.5



TABLE 3
Model TBN-2 Transmitter (Preliminary Model)
Intermediate Frequency Unit
2 HOUR LOCKED KEY RUN AT 300 XC, MCW, FULL POWER.

Test as per paragraph 2-15 of Specifications RE 13A 4974

Ambient Frequency Antenna Plate Plate Line
Time Temp. C. Kilocycles Current Volts Current Volts
1020 26.8 300.541 9.1 2220 420 440
30 26.8 9.1 2230 420 440
40 272 «555 9.1 2230 410 440
50 27.2 9.1 2220 410 440
1100 27.7 .598 9.1 2230 410 440
10 27.6 9.1 2230 410 440
20 28.0 -599 9.1 2230 410 420
30 28.0 9.1 2230 0 440
40 27.5 «559 9.2 2240 420 442
50 28.0 9.2 2230 420 442
1200 28.0 .539 9.15 2250 420 442
10 28.0 9.1 2250 420 442
20 28.2 .57 9.20 2250 410 L42

Meximum frequency change: 60 cycles; 0.02%.

Post trial inspection showed that capacitor (-13 was extremely hot and
thaet the audio transformer exuded wax. The temperature of this trans-
former rose to 105° Centigrade.

(Antenna resistance: 5 ohms)



2 HOUR LOCKED KEY RUN AT 300 KC, CW, FULL POWER.

TABLE

Model TBN-2 Equipment (Preliminary Model)

Intermediate Frequency Unit

Test as per paragraph 2-15 of Specifications RE 13A 497A

Ambient Frequency Antenna Plate Plate Line
Time Temp. C. Kilocycles Current Volts Current Volts
1320 27.8 300.630 12.65 2210 690 442
30 28.2 .568 12.75 2220 700 442
40 29.0 . 560 12.75 2220 700 442
50 29.5 . 567 X275 2220 700 442
1400 29.5 . 600 12.75 2220 690 442
10 30.0 - 556 Y2.75 2220 700 L2
20 30.2 .565 12.75 2220 700 442
30 30.6 +555 1295 2220 690 LA2
40 30.6 .582 12.775 2220 690 442
50 30.8 . 598 12.70 2220 680 LA2
1500 30.8 «555 12.75 2220 700 442
10 30.8 « 550 12.70 2220 700 442
20 30.9 55 12.70 2220 700 442

Maximum frequency change:

Post trizl inspection showed no signs of overheating.

(Antenne resistance 5 ohms).

80 cycles; 0.027%.



- Time

- 1350
1400
10
20
30
40
50
1500
10
20
30
40
50

TABLE
Model TBN-2 Transmitter (Preliminary Model)
Intermediate Frequency Unit
2 HOUR LOCEED KEY RUN AT 500 KC, CW, FULL POWER.

Test as per paragraph 2-15 of Specifications RE 134 497L.

Ambient Frequency Antenna Plate Plate Line

Temp. C. Kilocyeles Current Volts Current Volts
27.2 500.402 12.5 2200 660 438
7.4 .380 12.5 2200 660 438
27.8 .380 12.6 2230 660 440
28.0 +350 12.6 2220 660 440
28.0 .350 12.6 2220 660 440
28.0 <348 12.7 2230 660 441
28.3 356 12.7 2220 660 441
28.4 .350 12.7 2220 660 441
27.8 353 12.7 2220 660 442
28.0 .360 12.7 2220 660 44,2
28.5 -357 12.7 2220 660 442
28.2 . 368 12.7 2220 660 442
28.0 .380 12.7 2220 660 442

Meximum change in frequency - 52 cycles; 0.1%.

Note:

Before making the above run one coil of the 3-coil choke was
replaced. After making this substitution an increase in
efficiency was noted at 500 KC. An examination of the coil
which was removed revealed poor insulation on the wirs,
indicating that shorted turns may have existed.

After the above test it was noted that the largest coil in
the P.A. choke was much hotter than the other two coils,
which mey indicate shorted turns.

Original coil: 740 M.A. plate current gave 764 watis output.
Replacement coil: 680 M.A. plate current gave 820 watts output.

(Antenna resistance: 5.05 ohms.)



TABLE 6
Model TBN-2 Transmitter (Preliminary Model)
Intermediate Frequency Unit
2 HOUR LOCKED KEY RUN AT 2000 KC, CW, FULL POWER.

Test as per paragraph 2-15 of Specifications RE 134 497A.

Ambient Frequency Antenna Plate Plate Line
Time Temp. C. Kilocycles Current Volts Current Volts
0900 23.2 2000.865 16.0 2190 990 440
10 23.2 .623 16.05 2190 1000 440
20 24.1 762 16.1 2200 1000 440
30% 2.2 .835 14.2 2220 720 440
40 24.2 .931 14.2 2220 720 440
50 242 2001.030 14.2 2220 720 440
1000 24.0 .100 14.2 2220 720 LAl
10 24,7 .150 14.2 2220 720 441
20 24.8 . 200 14.25 2220 720 443
30 2.8 240 14.25 2230 720 443
40 25.3 «250 14.25 2230 720 443
50 25.6 275 14.25 2230 720 4bd,
1100 26.0 -350 14.25 2230 720 L4,

Haximum frequency érift: 727 cycles, 0.036%.

* Note: Power output reduced to 1200 watts.
Antenna resistance: 6 ohms.

Post trial inspection revealed no serious overheating.



TABLE 7

Hodel TBN-2 Transmitter (Preliminary HModel)
Intermediate Frequency Unit

ANTENNA SHORT CIRCUITED AND OPEN CIRCUITED.

Test as per paragraph 2-16 of Specifications RE 13A 497A.

Frequency Plate Pe: & Antenna
Kilocycles Intenna Volts Ip Current
2000 Normsal 2220 940 16.0
2000 Shorted 2150 1250 0
2000 Open 2200 1000 0
(Tube very hot on shorted and open)
1000 Normal 2230 600 13.7
1000 Shorted 2200 900 0
1000 Open 2200 940 0
(Tube hot)
500 Normal 2220 740 12.3
500 Shorted 2280 310 0
500 Open 2280 320 o
(Tube 0K)
TABLE 8

Model TBN-2 Transmitter (Preliminary Model)
TABLE OF WEIGHTS.

Data as per paragraph 2-32 of Specifications RE 134 4974

Unit Height
Intermediate Frequency Unit 626 pounds
High Frequency Unit 7.8 "
Kodulator Rectifier Unit 1445 "

Total 2820 pounds
Master Monitor Unit 125 pounds
Telephone Power Unit 180 "
Station Control Unit 40.5 "
Station Extension Unit 20.5 "

Total weight of one Master Monitor Unit, one Telephone Power Unit, five
Station Control Units and sixteen Station Extension Units, exclusive
of connecting cables, microphones and headsets: 835.5 pounds.



TABLE
Model TBN-2 Transmitter (Preliminzry Model)

LIST OF DIMENSIONS.

Actual Actusal
Specification Dimensions Overall
. Unit Reguirements of Frame Dimensions
‘Intermediate Frequency Unit
Height - 72 in. 71-1/2 in. 71-3/4 in.
Fidth - 32 30-3/4 31-7/8
Depth -~ R4 20-1/2 24-1/4,
High Frequency Unit
" Helght - 72 71-3/4 71-7/8
Width - 32 A 32
Depth - 24, 20-7/8 24-3/8
Hodulator Rectifier Unit
" Height - 72 71-1/2 71-3/4
Width - (See note) 32 36-3/4 38
Depth - ' 24, 20-1/2 24-1/2
Master Monitor Unit
Height - 20 20-1/4
Width - 24 24-1/2
Depth - 16 18
Telephone Power Unit
Height - 20-1/2
Width - 24
Depth - 16-1/2
Station Control Unit
Height, closed - 22
Height, open - 43
Width - 10
Depth - 8-3/4
Station Extension Unit
Height, closed - 15-1/2
Height, open - 30-1/4
Width - 9
Depth - 8-3/4,

Note: Increase in width of modulator unit from 32 inches to 38 inches
suthorized by Bureau of Supplies and Accounts letter NOs-3861.4(SPM)
of 31 December 1934 to contractor.



TABLE 10
Model TBN-2 Tramsmitter (Preliminary Hodel)
Intermediate Frequency Unit

LIST OF CONTROLS FOR OPERATION OF INTERMEDIATE
FREQUENCY UNIT.

.Gont,rol
‘Designation Purpose

Master oscillator tuning.

Master oscillator range switch, 10 steps.
Range selector, 6 steps.

Intermediate amplifier tuming.

Power amplifier tuning.

Antenna coupling, coarse, 8 steps.
MAntenna tap switch, 9 steps, interlocked.
Intenna tuning inductance (black].
Antenna tuning inductance (red).

Antenna coupling, fine, 6 steps.

HNuZomEoaom s

CW-MCW switch.

Adjust-tune-operate switch, interlocked.
Filament rheostat.

Local-remote swiltch.

Start-stop switch.

Emergency switch.

Test key.

Plate overload reset.



TABLE 11

Model TBN-2 Transmitter (Preliminsry Model)

Intermediate Frequency Unit

LIST OF CONTROLS ON INTERMEDIATE FREQUENCY UNIT.

Test as per paragraph 3-16 of Specifications RE 13A 497A.

As Furnished

Suggested

Control

A
B
C
D
E

- F intenna
G Antenna
H Antenna
J Antenna
K fntenna

Master oscillator tuning.
Master oscillator range switch.
Range selector.

Intermediate amplifier tuning.
Power amplifier tuning.

coupling (coarse).
tap switch.

Master oscillator tuming.
Master oscillator range switch.
Range selector.

Intermediate amplifier tuning.
Power amplifier tuning.

Antenns coupling (coarse).
Antenna coupling (fine).

tuning inductance (black). Antenna tap switch.

tuning inductance (redj.
coupling (fine).

intenna tuning inductence (black).
Intenna tuning inducteance (red).

The above rearrengement of letters is suggested in order to make the
sequence of letters &gree with the order in which the circuits &re normally

‘tuned.



TABLE 12

Model TBN-2 Transmitter (Preliminary Model)
High Frequency Unit
LIST OF CONTROLS ON HIGH FREGUENCY UNIT.

Date as per peragraph 3-16 of Specifications RE 134 497A.

Control
Degigmetion Purpoce

Master oscillator range switch.
Master osecillator tuning.
Doubler grid tuning.

Doubler plate tuning.
Intermediate emplifier tuning.
Power amplifier tuning.

Entenns feed (volteze-current).
Intenna coupling.

Antenna tuning capecitor.
fntenne tuning inductsnce.
Frequency range switch.

Power zmplifier grid coupling,

Test key, 2 position, toggle.

Haster oscilletor filameni stand-by, toggle.
Stert-stop switch, toggle.

Remote-local switch, toggle.

Tune operate switch, 3 position, rotery.
Emergency ewitch, toggle.

CW-UCW switeh, 2 position, rotary.

Low-high power switch, 2 position, rotary.
Filament rheostat.

Overlocd reley reset button.



TABLE 13
Hodel TBN-2 Transmitter (Prelimincry Nodel)
Intermediste Freguency Unit
FREQUENCY CHANGE DUE TO OPERATION OF "ADTUST-TUNE-OPERATEM SWITCH.
Test &s per paragreph 3-19 of Specifieztionc RE 128 497A,
Switch Position 1 - Adjust

Switch Pocition 2 - Tume
Switch Position 3 - Operate

Switch Frequency . Besat Maximum Freocuency Change
Pogition Kilocycles Note Cycles Percent

1 300 810

2 300 T2 -

3 300 630 180 0.060
1 400 935

2 400 885

= 3 400 840 g5 0.024
1 500 915

2 500 827

3 500 760 155 0.031
1 600 900 ¢

2 600 810

3 600 684 216 0.036
1 700 864

2 700 750

=3 700 ' 620 241 0.035
1 800 815

2 200 700

3 800 590 225 0.028
1 900 L5

2 900 660

3 900 580 165 0.021
1 1000 850

2 1000 775

3 1000 725 125 0.012
1. 1250 650

2 1250 580 3 ;

3 1250 5.0 110 0.009

(Continued)



TABLE 13 (Continued)

cwitch Frequency Beat leximum Frequency Chanve
Egéiﬁigﬁ Kilocyeles Note Cycles Percent
g 1500 500
2 1500 L85
7 1500 475 25 0.0017
1 2000 550
2 2000 508
3 2000 460 90 0.0045
TABLE 14

Model TBN-2 Transmitter (Preliminary Model)
Intermediate Freguency Unit

RESET ACCURACY.
Test as per paragraph 3-24-2 of Specifications RE 134 497A.

Trial Frequency Time Deviation in Frequency
_No. Kilocycles Seconds Cycles Percent
Original 500.580
1 .635 75 + 55 0.0109
2 .655 55 T 0.0129
3 . 660 55 + 80 0.0160
4 .690 53 +110 0.0218
5 .618 54 + 38 0.0076
Aversge: + 71.6 0.01.3
Originzl 1000.720
1 .830 40 +110 0.0110
2 .830 50 +110 0.0110
3 .828 48 +108 0.0108
4 .845 45 +125 0.0125
5 .875 43 +155 0.0155
Lverege: +121.6 0.0121
Originel 2000.800
2 -840 48 + 40 0.0020
2 .830 38 + 30 0.0015
3 .825 33 + 25 0.0012
L .960 40 +160 0.0080
5 .930 38 +130 0.0065

Average: + 77 ¢.0038



TABLE 15
lModel TBN-2 Trensmitter (Preliminary lodel)

Intermedicte Frequency Unit

TEST FOR LOST MOTION AND BACK LASH.

Frequency when Frequency when
gpprozching setting approaching setting in Cycles
in clock-wise direction counter-clockwise direction back-lash.
501.300 500.855 445
270 -840 430
270 .850 420
.260 .852 408
.280 .852 428
Lverage: 426
1001.000 1001.6390 690
.050 .690 640
.000 .690 690
.005 .692 687
.000 669 669
Average: 675
2001.085 2001.700 615
.060 .700 640
.065 .705 640
.080 .700 620
.090 .680 590

Lversge: 621



TABLE 16
Model TBN-Z Transmitter (Preliminery Model)
Intermediste Frequency Unit
EFFECT OF CHANGE IN AMBIENT TEMPERATURE; 500 KC, FULL POWER.

Test &s per paragreph 3-24-3 of Specifications RE 134 497A.

Ambient Temp. % Pr. Amp.
Temp. Frequency Rect. Relative Plate Line

Time %. Kes. Comp't. Bumidity Current Volts

0910 25.0 500.460 42.0 - 0.96 436
20 24.5 465 42.0 58 0.95 437
30 24.8 4T2 41.8 54 0.96 436
40 24.0 AT? 40.8 65 0.98 435
50 25.8 .488 40.5 66 0.98 435

1000 25.0 485 402 62 0.98 435
JO0 25.3 482 40.1 62 0.98 435

3020 30.0 500.484 43.0 61 0.98 445
H  29.5 480 43.3 61 0.98 445
40 30.0 476 40.0 61 0.98 L4,
59 3.5 476 43. 59 0.98 IV

1100 29.8 481 44.0 58 0.98 L4
10 29.5 .482 43.5 61 0.98 LhL
20 29.6 485 43.5 61 0.98 LA

Difference in ambient temperature: 5°.
Difference in frequency: +3 cycles; 0.0006%.

1130 34.0 500.482 46.0 53 0.98 444,
40 34.7 482 47.5 54 0.98 444
50  34.5 LLT75 47.0 57 0.98 IV YA

1200 34.5 WA 47.0 52 0.98 Lhd
10 3.5 465 47.0 68 0.98 44,
20 36.0 .323% 48.0 g5 0.98 441,
30 35.0 451 48.0 57 0.98 L4

# Large change in frequency undoubtedly due to lzrge change
in relctive humidity.
Difference in ambient temperzture: 5.
Difference in frequency: -34 cycles; 0.0068%.

1240 39.0 500.431 50.0 69 0.98 445
50  140.5 .375 52.5 67 0.98 445

1300 40.5 -392 53.0 65 0.98 445
10 40.0 431 54..0 56 0.98 L5

_{l"ﬂ\'s"-"v\nru".l
L



TABLE 16 (Continued)

fmbinet Temp. % Pr. Amp.

Temp. Frequency Rect. Reletive Plate Line
rime  _C. . Kes. Comp't. Humidity Current Volte
1320 40.5 500.445 54.0 53 0.98 445

30 40.5 +450 54.0 54, 0.98 445
L0 39.5 o454 54.0 53 0.98 445

Difference in smbient tempersturs: 5°,
Difference in frequency: +3 cycles; 0.0006%.

1350 47.3 500.455 58.4 38 1.00 445
1400  45.0 460 58.0 42 0.98 445
10 45.0 470 58.5 41 0.98 445
20 45.5 480 59.0 43 0.98 445
30 44.8 485 59.6 42 0.98 445
40 45.3 494 59.6 47 0.98 L5
50 45.0 .500 60.5 45 0.98 445
Difference in ambient temperature: 5°,
Difference in frequency: +46 cycles; 0.0092%.

1500 49.7 500. 504 63.0 39 0.98 445
10 50.0 .518 63.0 36 0.98 L45
20 50.0 «534 64.0 38 0.98 445
30 50.2 » 549 64.5 36 0.98 445
40 49.5 « 560 64.0 36 0.98 445
50 50.0 + 570 65.0 35 0.98 445

1600 500 +579 65.0 35 0.98 445

Difference in smbient temperature: 5°. A
Difference in frequengy: +79 oycles; 0.0158%,



Time

0830
40

10
20

0940
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30
40
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TABLE 17

Nodel TBN-2 Transmitter (Preliminury Model)

Intermediate Frequency Unit

EFFECT OF CHANGE IN AMBISNT TEMPERATURE; 500 KC; FULL POWER.

Test as per paragraph 3-24-3 of Specifications RE 13A 497A.

10.1

Change
Lnsnge

in

Temp. g
Frequency Rect. Relative
Kes. Comp't. Humidity
500. 560 36.0 59
. 572 39.0 55
.580 39.8 55
. 589 40.5 55
. 600 40.8 51
.610 40.4 51
.613 40.9 51
500.618 39.6 58
.629 36.6 65
.630 37.0 71
.628 36.2 70
.630 36.7 T4
.627 36.6 70
.622 36.7 75
ambient temperature: 5°.
frequency: +9 cycles; 0.0018%.
500.636 33.6 71
.651 33.0 77
651 32.0 73
.653 31.6 71
.652 31.6 76
.652 32.0 71
.656 32.0 71
ambient temperature: 5°.
frequency: +34 cycles; 0.0068%.
500.677 29.2 61
.680 27.4 66
.679 26.8 58
687 26.5 58
- 089 26.8 65
.690 26.7 72
.691 206.7 65

ambient temperature:
+35 cyeler; 0.007%.

frequenny:

5°.

Pr. Amp.
Plate
Current,

0-96
0.96
0.95
0.98
0.98

HHEHEHFOOO ©O
8888888 ¥R

L ]

et e
L]

et et e et e e

bebbbb8

1.10
1.10
1.10
1.10
1010
1.10
1.10

(Continued)

Line
Volts



THBLE 17 (Continued;

trbient Tenp. Z Pr. hop.
Term. Freoauency Rect. Relative Plate Line

Tima 9. Kes. Comp't.  Humidity  Current Yolts

Jing s

3320 5l 500,710 2.4 59 1.10 LLL
'39 5.0 716 bt 55 - 1.10 440
10 5.1 721 21.4 66 119 440
50 - .724 (Blower cut out) 440
10 5.0 731 21.1 66 1.10 438
20 5.0 735 20.5 = 1.10 436

Change in ambient temperature: 5°.
Change in frequency: +4/ cyelec; 0.0088%.

1430 0.5 500.747 17.8% = 1.10 438
40 0.0 757 21.4% - 1.10 438
50 0.0 .760 22.5% - 1.10 438

1500 0.4 760 22.43% - 1.10 438
10 0.0 763 22.2% - 1.10 438 -
20 0.0 .769 21.0% - 1.20 438
30 0.0 .769 21.5% - 1.20 138

(Note: % denotes that rectifier tube compartment heater was on.)

Change in ambient temperature: 5°.
Change in fregquencys +34 cycles; 0.0068%.



TABLE 18
Kodel TEH-2 T::‘an&mit.ter (Preliminery Model)
Intai-:;edi&te Freouency Unit
" EFFECT OF CHANGE IN MINT TEMPERATURE; 1000 KC; FULL wam.

|
Test &5 per paragraph 3-24-3 of Specifications RE 13% 4974,

" imbient * Temp. ER Pr. fmp.
Temp. Freguency Rect. Relative Plate Line
: i+ __Kes. Comp't.  Humidity Current  Volts
) 24.9 1000.080 39.0 66 0.83 436
) 25.2 .335 39.0 66 0.83 436 7 .
) 24.5 435 39.0 62 0.83 236 ¢
) 25.1 « 577 39.0 70 0.83 436
) 24.5 .662 39.3 70 0.83 436
) 24.5 765 39.0 63 0.83 436
) 25.0 .810 3%8.0 62 0.83 436
) 29.0 1000.890 4.0 58 . 0.83 436
) 30.9 845 42.5 69 0.83 436
) 30.9 920 42.9 69 0.83 436
) ¢ 29.0 -990 41.9 61 0.83 436
) 29.0 1001.095 4244, 58 0.83 436
) 30.0 «140 42.6 56 . 0.82 436
) 29.9 170 42.5 58 0.82 438
Change in ambient temperamture: 5°. .
Change in frequency: . +360 cycles; 0.036%. .
) 35.0 1001.190 45.0 51 0.82 - 437
) 35.0 25 45.7 54, 0.82 436
) 35.4 .250 L6.4 : 54, 0.82 436
) 35.4 .260 6.4 54 0.82 436
) 35.4 .310 - 46.8 52 0.81 436
) 35,4 2350 46.6 52 0.81 437
) 35.2 .350 46.5 52 0.81 436
Change in ambient tempersturs: 5°,
Chenge in frequency: +180 cycles; 0.018%.
) 40,5 1001.250 49.6 72 0.81 436
} 40.1 .100 51.5 i 70 0.81 436
) 39.0 <305 5150 (I 0.81 < 436
) 41.0 .200 51.9 62 0.80 436
) 40.0 .250 52.2 62 0.80 436
) 40.9 L300 53.0 54 0.80 436
) 40, 360 53.2 54, 0.80 436

Caange in awblent tempercturer 9.

Change in freauency: +10 cycles; 0.001%.




100

1110
20
30
40
50

1200
10

1220
30
40
50

1300
10
20

EFFECT OF CHANGE IN AMBIENT TRMPERATURE; 1000 KC; FULL POVER.

Test &s per paragraph 3-24-3 of Specificstions RE 134 497A.

Model TEN-2 Transmitter (Preliminery Model)

TABLE 18

Intermediate Freguency Unit

tmbient Temp. % Pr. Imp.
Temp. Frequency Rect. Relative Plzte Line
e, Kes. Comp't. Humidity Current Volte
24.9 1000.080 39.0 66 0.83 L36
25.2 <335 39.0 66 0.83 436
2L.5 435 39.0 62 0.83 L36
25.1 «STT 39.0 70 0.83 436
24.5 662 39.3 70 0.83 436
24.5 765 39.0 63 0.83 L36
25.0 .810 39.0 62 0.82 £36
29.0 1000.890 4.0 58 0.83 436
30.9 845 42.5 69 0.83 436
30.9 920 42.9 69 .83 A3A
29.0 .990 4£1.9 61 0.83 436
29.0 1001.095 42.4 58 0.83 436
30.0 .140 42.6 56 0.82 436
29.9 170 42.5 58 0.82 438
Change in ambient temperature: 5°.
Chenge in frequency: +360 cycles; 0.036%.
35.0 1001.190 45.0 51 0.82 437
35.0 215 45.7 54, 0.82 436
35.4 250 LBl 54, 0.82 436
35.4 -260 L6.4 54 0.82 436
35.4 . 310 46.8 52 0.81 436
35.4 « 350 L6.6 52 n.81 437
35.2 « 360 46.5 he 0.81 436
Change in smbient temperature: 5°.
Chenge in frequency: +180 cyecles; 0.018%.
0.5 1001.250 49.6 72 0.81 436
40.1 100 Bk 70 0.81 436
39.0 375 51.0 70 0.81 L36
1.0 .200 51.9 62 0.80 436
40.0 <250 2.2 62 0.80 436
40.9 . 300 53.0 54 0.80 436
0.0 . 360 53.2 54 0.80 436
Change in émbient temperéture: 3°.

Change ir freguency:

+10 eycles; C.001%.

{Continued)



TLBLE 18 (Contirued)

Ambient Temp. % Pr. Anmp.

Temp- Frecuency Rect. Reletive Plate Tine

Tire - T o Comp't. Humidity Current Volte
1230 45.1 1001.400 56.0 49 0.80 438
20 5.5 430 57.5 45 0.80 438
50 £5.8 475 58.0 46 0.80 438
1400 243 . 500 57.9 L6 0.80 438
" 10 Lh.5 .50 575 47 0.80 438
20 2L.5 «535 57.6 52 0.80 438
30 45.2 . 550 58.4 49 0.80 438

Change in ambient temperature: 5°.
Change in frequency: +190 cycles; 0.019%.

1440 51.0 1001.600 61.2 40 0.80 438
50 49.8 .660 62.0 38 0.80 438
1500 50.3 75 63.7 38 0.80 438
10 50.3 775 62.4 38 0.80 438
- 20 50.2 .800 63.2 38 0.80 438
30 50.3 -850 64.0 38 0.80 4£38
40 49.8 875 63.5 38 0.80 438

Change in ambient temperature: 5°.
Chenge in freguency: +325 cycles; €.032%.



TABLE 19
Model TBN-2 Trenemitter (Preliminery Hodel)
Intermediste Frecverncy Unit
EFFECT OF CHANGE IN AMBIENT TEMPERATURE; 1000 KC; FULL POWER.

Test as per parsgroph 3-24-3 of Specificstions RE 134& 497E. '

Ambient Temp. % Pr. Amp.
Temp. Freguency Rect. Relative Plate Line
Time °c. Kes. Comp't.  Humidity  Current  Volts
0920 26.0 1000.640 34.4 L8 0.81 436
30 21,2 776 36.8 74 0.82 436
40 23.8 . 768 38.4 73 0.82 436
50 25.0 762 40.0 78 0.82 437
1000 24.8 770 39.6 78 0.82 437
10 25.0 ST72 39.9 78 0.82 437
20 25.0 JT74 39.9 78 0.82 436
1030 20,1 1000.840 It 75 0.82 436
40 20.1 843 36.0 g0 0.82 437
50 20.0 .830 35.5 85 0.82 437
1100 20.0 828 ©  35.5 g5 0.82 436
10 20.0 .830 255 80 0.82 436
20 20.0 .825 35.0 75 0.82 436
30 20.0 +825 35.0 80 0.82 436
Change in ambient temperature: 5°.
Chenge in frequency: +51 cycles; 0.0051%.
1140 14.5 1000.865 32.0 71 0.82 436
50 15.0 .935 - 30.9 76 0.82 436
1200 15.0 - 925 30.5 71 0.82 436
10 15.0 =925 30.5 71 0.82 436
20 15.0 920 29.9 71 0.82 436
30 15.0 .932 29.7 A 0.82 436
40 15,0 .918 29.9 71 0.82 437
Chenge in ambient temperature: 5°.
Change in frequency: +93 cycles; 0.0093%.
1250 9.4 1000.958 26.8 66 0.82 437
1300 10.1 <954 2545 53 0.82 437
10 10.0 -956 25.1 . 59 0.82 437
20 10.1 +953 24.6 59 0.82 437
30 9.9 962 24.5 59 0.83 438
40 9.9 .955 2L .14 59 0.83 438
50 10.0 952 24.3 o5 0.83 438

Chenge in ambient temperature: 5°.
Thenr~a irn Pracpienare +24 ern‘_'l ans ﬂ_m’lli_ - 5
o il B g i e 5 o s T fieilte {uonsinueda)



TABLE 19 (Continued)

Embient Teap. 2 Pr. Amp

~ >
Temp. Frequency Rect. Relative . Plete Line

Timo “0. Kcs. Comp't. Humidity Current Volts

1400 4.5 1000.982  21.5 - 0.83 438
10 5.4 .980 20.5 = 0.83 438
20 4.9 .985 20.4 - 0.83 438
30 5.0 .970 19.6 - 0.83 438
40 4.9 .970 19.6 - 0.83 438
.50 4.9 .968 19.6 - 0.83 438

1500 52 .963 2L .0% - 0.83 438

Change in ambient temperature: 5°.
Change in frequency: +11 cycles; 0.0011%.

1510 0.2 1000.998 23.3% - 0.83 438
20 0.2 1001.060 22.0% - 0.83 438
30 0.2 .050 22.5% - 0.83 438
40 0.8 .050 22.0% - 0.84 438

. 50 0.1 .030 21.5% - 0.84 438

1600 0.0 .050 21.0% - 0.84 438
10 0.0 .050 21.0% - 0.84 438

Chenge in ambient temperature: 5°.
Change in frequency: +87 cycles; 0.0087%.

Note: * denotes that rectifier tube compartment heater wus
turned on.



Time

1020
30
40

1100

1130

g9
1200
10
20

1240

1300
10
20
30
40

1350
1400
19
<0
30
40
50

EFFECT OF CHANGE IN AMSI

Test as per puaragraph 3-24-3 of Specifications RE 134 4974.

TABLE 20

lodel TBHN-2 Transmitter (Preliminary hodel)

Intermedizte Frequency Unit

Ambient Temp.
Temp. Frequency Rect.
0. Kes. Comn't.
3.0 2000.779 £8.5
28.8 .921 46.5
29.3 2001.050 45.2
29-4 0060 45¢0
29.4 .250 4.6
29.4 .600 44,.8
29.1 .685 LAJL
37.0 2001.200 47 .4
34.5 »310 47.0
34.8 425 L6.9
35.3 475 47.0
35.1 »550 AT.2
35.0 - 590 47.0
34.5 .625 47.0

Difference in ambisnt temperature:
Chenge in freguency:

11-2-0
£0.2
39.0
40.9
L1.5
£40.2
40.3

2000.450
<475
«250
.375
- 590
-690
755

51.3
51.5
5.5
52.6
5306
54.0
54.2

Change in ambient temperature:

Change in frequency:

4h.5
46,7
56.0
45.0
45.0
4£5.1
45.0

2000.825
875
2002.000
D075
-160
215
+250

AR
. .
COOQOOM~I 1w

\noGnown
\D\D\ng-‘lm

Change in ambient temper&tur

ulin.. 4

i xl.r..,]i.a.uuu -

lu;“; 25 Lle. cy Ue

LT

%
Relstive

Bumidity

63
65
76
79
76
7%
76

76
52
54
54
54
52
52

59,

-60 cycies; 0.003%.

66
76
76
58
50
55
53

+130 cycles; 0.0065%.

48
41
Lt
42
42

EaPERATURE; 2000 KC.

Pr. imp.

Plate

Current

0.30
0.80
0.80
0.80
0.80
0.82
0.82

0.82
0.82
0.82
0.82
0.82
0.82
0.82

ODOPOOC}
00000000 0 0a0o
MR

OC‘JOOPOO
0o 00 0o 00 0o 03 00
MO

Line

Volts

436
436
436
438
438
438
438
438
438
438
438
438
438
438

438
438
438
438
438
438
438

.38
438
L38
438
438
438
438

(Conkinmed)



TEBLE 20 (Contbinued)

fmbient Temp. % Pr. Amp.

Temp. Frequency Reect, Relative Plate Iine
. Kes. Comp't. . Humidlty Current  Volts
50.2 2002.300 62.5 33 0.82 438
50.5 «325 63.0 40 0.282 432
49.2 «350 63.0 - - 433
50.0 .500 63.0 - 36 0.40% 438
50.0 460 63.0 36 0.40 438
49.9 250 63.6 40 . 0447 438
Change in ambient temperature: 5°.

Change in frequency: O.

Note: * Power amplifier plate current, and output, dropped

suddenly et 1520. Examination revealed no break-
down or cause for this condition. £Efter the
trensmitter wes chut down for & period of some
hours and resterted, powser smplifier plate current
wes normel &nd normal output was obtained. This
difficulty was not encountered again.



1140
5

1200
10
<0
30

40

EFFECT IN CHANGE OF AMBIENT TEMPERATURE; 2000 KC; FULL POWER.

Test as per paragraph 3-24-3 of Specifications RE 134 497A.

ILELE 21

Model TBN-2 Trunsmitter (Preliminary Model)

Intermediste Frequency Unit

fmbient Temp. A Pr. Amp.

Temp. Frequency Rect. Relative Plate Line

S Kes, Comp't.  Humidity Current Volts
31.0 2000.654 35.4 60 0.86 436
28.8 864 40.5 55 0.86 436
30.8 2001.140 44.0 61 0.86 436
29.5 260 4£3.8 61 0.86 436
30.0 « 340 3.8 65 0.86 436
30.0 400 43.8 65 0.86 436
30.0 <440 43.3 65 0.86 436
24.5 2001.575 41.5 62 0.86 436
25.7 .510 41,0 66 0.86 436
25.0 +550 £1.0 66 0.86 436
25.0° «550 £0.5 66 0.86 436
24.8 . 560 40.4 66 0.86 436
25.0 +550 40.4 66 0.86 L37
247 =550 40.0 66 0.86 37
Change in ambient temperature: 5°.

Change in frequency: +110 cycles; 0.0055%.

21.5 2001.625 38.2 67 0.86 437
18.8 .675 36. 3 75 0.86 437
22.2 .600 37.2 a1 0.86 437
20.2 . 600 36.4 71 0.86 437
18.5 .650 35.7 80 0.86 437
19.8 640 35+5 i 0.86 437
20.1 -600 35.5 76 0.86 437
Change in ambient temperature: 5°.

Chenge in frequency: +50 cycles; 0.0025%.

1,.0 2001.750 322 75 0.86 .37
15.0 .750 32.0 i 0.86 437
15.0 .750 31.0 Ti 0.86 L37
15.0 .750 31.0 71 0.€6 L37
15.0 .750 3045 71 0.86 437
4.4 .750 30.0 70 0.86 437
15.0 « 725 30.3 77 0.86 437
Chenge in ambient tempersiure: 5°.

Change in frequency: +125 ecycles; 0.0062%.

LUON LinUE )



TLBLE 21 (Continued)

fmbient Temp. % Pr. 4mp.

Temp. Freaouency Recth. Relsative Plate Line

Tine R Kes. Comn't. Emidity Current Volts
1250 1.8 2001 .800 28.0Q0 68 0.86 438
1300 10.0 .860  25.9 66 0.86 438
10 10.0 .875 26.0 66 0.86 - 438
20 10.0 875 25.3 a1 0.86 438
10 9.5 .900 24.9 72 0.86 438
20 10.0 .900  24.8 79 0.86 438
. 50 10.0 .875 24.9 79 0.86 438

Change in ambient tempersture:s 5°.
Chenge in frequency: +150 cycles; 0.0075%.

1400 6.0 2001.925 24.5 - 0.86 438
10 5.0 .950 22.0 76 0.86 . 438

. 20 5.2 .950 20.8 69 0.86 438
30 5.1 .950 20.5 75 0.86 438
40 5.6. .960 20.1 75 0.86 438
50 5.0 .975 20.1 75 0.86 439

1500 5.0 975 20.1 75 0.86 439

Change in ambient temperuture: 5°.
Chenge in frequency: +100 cycles; 0.005%.

“510 1.0 2002.000 18.5% = 0.86 438
20 0.4 .025 20.7%# - 0.86 438
30 0.2 . <100 21.0% - 0.86 438
40 3.0 .090 22.6% - " 0.86 438
50 0.0 .100 22.0% - 0.86 . 438

1600 0.0 .100 21.2% - 0.86 439
10 0.0 .100 21.4% - 0.86 438

Change in smbient temperature:s 5°,
Chznge in frequency: +125 cvcles; 0.0062%.

Hote: #* denotes that rectifier tube compertment hester came on.



TAELE 22

KHodel TBN-2 Trensmitter (Preliminary Model)
Intermediete Frequency Unit
SUMMARY OF TABLES 16 to 21, INCLUSIVE.

Test es per paragraph 3-24-3 of bpecificstions RE 134 A97A.

Cycles
Temperature Frequency Chsnge per 5 degrees C. &t
,__Range 500 Kcs. 1000 Kcs. 2000 Kes.
Oto 5 34 + 87 +125
5 to 10 44 + 11 +100
10 to 15 +35 + 24 +150
15 to 20 +34 +93 4125
20 to 25 + 9 ¥ 9 w0
25 to 30 + 3 +360 +110
30 to 35 . -34 +180 - 60
35 to 4O * 3 + 10 ‘ +130
40 to 45 . +46 +190 +495

45 to 50 +79 +325 0



TABLE 23
Model TBH-2 Transmitter (Preliminery Hodel)
Intermediste Frequency Unit
VARIATION QO SUPPLY LINE VOLTAGE.

Test &s per paragraph 3-24-4 of Specifications RE 13A A97A.

Line Frequency Plate Rectifier Antenna
Volts Kilocycles Volts Fil.Volts Current
£18.0 500.750 2100 190 11.6
422.L o152 2120 192 11.8
1426.8 752 2150 193 11.9
431.2 755 2180 196 12.0
135.6 756 2200 198 12.1
140.0 752 2220 200 12.3
4y Lo .760 2240 201 12.4
[18.8 .763 2280 203 12.5
453.2 .762 2300 206 12.6
457.6 .763 2320 208 12.;
12.

462.0 .763 2340 209

Moximum frequency change: -13 cycles.
Rapid chenge in voltage from +5% to -5% caused & shift of 20 cycles.

418.0 1000.660 2080 190 13.8
422,L .655 2100 191 14.0
426.8 645 2120 193 142
431.2 650 2150 196 1.3
435.6 .656 2180 198 14.5
440.0 .660 2200 200 147
L4 665 2220 201 1.8
4/8.8 .670 2240 203 15.0
453.2 .677 2270 205 15.2
L57. 680 2290 208 15.2
462.0 .695 2320 209 15.6

Maximum frequency change: -50 cycles. .
Rapid change in voltage from +5% to -5% czused a shift of 5 cycles.

418.0 2000. 670 2090 193 14.2
4R2.4 .650 2100 194 14.3
126.8 .635 2130 157 14.6
431.2 a5 2150 198 14.8
435.6 .610 2190 200 15.0
0.0 .600 2210 201 15.2
oL «595 2220 ggg 15.4
-8 «595 2250 15.5
25%% .585 2280 %108 %g.g
Lz n '232 2o =8 145

Keximum frequency change: +90 cycles. '
Rapid chenge in voltage from +5% to -5% ccused shift of 20 cycles.



TABLE 24

Model TBN-2 Trensmitter (Preliminsry Model)

Intermediste Frequency Unit

25% VARIATION IN ANTENNA CONSTANTS.

Test as per peragraph 3-24-5 of Specifications RE 134 497A.

Control
Veried

Antenna

Antennsa

Power Ampli-
fier

intenna

Interma

Power Ampli-
fier

Antenna
intenna
Power fmpli-
fier
Power Ampli-
fier

Normal
Freguency

500.721
.78

715

1000.640
-649

.653

2000.551
« 547

- 548
<572

Frequency when

Ip increased
25%

500.719
.720
1000.641

651
2000.551

+550

Cycles
Change

+1
+5
+1

-2

0

+2

Frequency when
Ip decreased Cycles

25% Change
500,711 ~-10
1000.658 +17
2000.550 + 3



TABLE 2
Model TBN-2 Tramsmitter (Preliminary Model)
Intermediate Frequency Unit

CONTROL OF POWER OUTFUT.

Test as per paragraph 3-24-6 of Specifications RE 134 497A.

Tap Frequency Plete Antenns Percent Percent
Switch Kilocycles Volts Current Power Voltage

(Antenne resistance: 5.05 ohms)

7 500.537 210 13.85 117.3 107.0
6 .600 2250 12.80 100.0 100.0
5 .632 2010 11.55 8l.4 89.3
4 642 1810 10.10 62.3 80.4
3 .652 1580 8.75 46.7 70.2
2 665 1380 7.35 32.9 61.3
1 .630 1140 5.90 21.2 50.6
Maximum frequency change: +93 cycles; 0.018%.
(Antenna resistence: 5.3 ohms)
7 1000.712 2390 16.10 116.0 107.6
6 Sy 2220 14.95 100.0 100.0
5 .738 2000 13.40 80.4 20.1
4 « 752 1790 11.80 62.3 80.6
3 .760 1570 10.10 45.7 70.7
2 780 1370 8.40 31.6 61.7
1 <796 1130 6.50 18.9 50.9
Meximum frequency change: +84 cycles; 0.008%.
(Antemna resistance: 6.0 ohms)
7 2000.617 2400 14.35 118.0 107.6
6 590 2220 13.20 100.0 100.0
5 .645 2000 11.80 79.9 90.0
4 - .660 1800 10.15 59.1 8l.1
3 .679 1580 8.50 41.4 7.2
2 .690 1380 6.65 25.4 62.2
1 .690 1130 4.40 11.1 50.9

Maximunm frequency change: +100 cycles; 0.005%.



TABLE 26

Kodel TBN-2 Transmitter (Preliminszry Model)

termediate Frequency Unit

CHANGE IN FREQUENCY DUE TO CHANGE OF VACUUM TUBES.

Test as per paragraph 3-24-7 of Specifications RE 13A 497A.

Serial Number Frequency
of Tube Kilocyecles
Master Oscillctor
Wstg-41845 (original) 500. 466
Wstg-41852 .500
Wstg-41809 541
Wstg-41846 .530
Maximum change: +75 cycles.
Power fmplifier
Wstg-25673 (original) 500.530
HyS1-1004 -556
HyS1-1008 w521
HyS1-1006 - 560
Maximum change: +30 cycles.
Moster Oscillator _
Wstg-41845 (originel) 1000.650
Wstg-41853 <734
Wstg-41852 .821
Wstg~41809 .738
Haximum change: +171 cycles.
Power Amplifier
Wstg-25673 (original) 1000.764
HyS1-1006 . 740
Hy£1-1004 .76é
HyS1-1008 T2
Maximum change: -4& cycles.
_ Mester Oscillator
Wstg-41845 (original) 2000.500
Wstg-41853 . 580
fistg-41852 .604
Maximum change: +104 cycles.
Power fmplifier '
Wstg-25673 (original) 2000.428
HyS1-1004 .510
HyS1-1008 .592
HyS1-1006 . 567

Hoximum chenge: +164 cycles.



TABLE 27
Model TEN-2 Tramsmitter (Preliminary Model)
Intermedizte Frequency Unit
SUHLIARY OF FRECUENCY STJ’G‘_BILITY TESTS.

Test as per paragraph 3-24 of Specifications RE 134 497A.

Maximum Freguency Change at

Test 500 Kes. 1000 Kes. 2000 Kes.

(1) Initial errors in calculation 0 ‘ 0 0
(2) Errors in resetting +110 +155 +160
(3) Change in ambient tempersture 5°C. + 79 +360%* +495%
(4) Veriation in line voltage -13 - 50 + 90
(5) Chenge in antenna coastants - 10 % + 3
(6) Control of power output + 93 + 84 +100
(7) Change of tubes ¥ 75 +171 +164

M zebraic sum: 334 737 1012

Permitted by specifications: 475 600 850

* See paragraph 96.



TABLE 28
Model TBH-2 Transmitter (Preliminary Model)
High Frequency Unit
VARIATION OF LINE VOLTAGE.

Test as per paragraph 3-7-1 of Specifications RE 134 442D

1% per minute Rapid
Line Volts Variation Varistion
418.0 4500.475 4500.508
L2224, 469
426.8 468
L3he2 WATA
435.6 475
440.0 .480
Lbdi b, : 486
448.8 .488
453.2 -493
457.6 «499
462.0 .518 . 4500.518
Cycles change: 43 10
Percent change: 0.0009% 0.0002%

Permitted by specifications: 0.0025%.



TABLE
Model TBN-2 Trznsmitter (Preliminary Model)
High Frequency Unit
FREQUENCY CHANGE CAUSED BY DETUNING RESONANT CIRCUITS.
Test as per paragraph 3-7-3 of Specifications RE 13A 442D

circuit Detuned Cycles Change Percent Change

0.0008
Neg.

n

ngn Doubler Grid Tuning

npr Doubler Plate Tuning

ngr Intermediate Amplifier Tuning
npr Power Amplifier Tuning

vt Antenna Coupling

nJ" Antenna Tuning Capacitor

ngn Antenna Tuning Inductance

Test Frequency: 4500 Kes.
Permitted by Specifications: 0.005%.

AL

oW e

2T = 3 3

TABLE 30
Model TBN-2 Transmitter (Preliminary Model)
High Frequency Unit
FREQUENCY CHANGE BETWEEN "ADJUST," "TUNE,"™ AND "OPERATE."

Test as per paragraph 3-7-4 of Specifications RE 13A 442D.

2000 KC 2500 KC 3000 KC 3300 KC 4000 KC 4500 KC

Step 1 "Adjust® 241 237 257 206 240 210
Step 2 "Tune" 238 250 244 175 223 200
Step 3 "Operate" 237 251 240 151 232 193
Maximum change 4 1z 17 55 17 17
Percent cheange 0.0002 0.0005 0.0005 0.0015 0.0004 0.0003

Permitted by Specifications: 0.001%.



TABLE 31
Model TBN-2 Transmitter (Preliminsry Model)
High Frequency Unit
KEY LOCKED TEST.

Test as per paragraph 3-7-5 of Specifications RE 134 /42D.

Test No. 1 —~ Oscillator filament not lighted during shut down.
Transmitter tested as received from manufacturer.

End of 10 minute key lock £500.500
End of 10 second dash 4500.810
Change in cyeles 310
Percent change 0.0069%

Test No. 2 - Oscillator filament lighted during shut domm.
Transmitter tested as received from manufacturer.

End of 10 minute key lock 4500.400
End of 10 second dash 4500, 480
Change in cycles 80
Percent change 0.0018%

Test No. 3 - Oscillator filament not lighted during shut down.
After restoring circuit to compensating transformer.
End of 10 minute key lock 4500.521
End of 10 second dash 4500.680
Change in cycles 159
Percent change 0.0035%

Test No. 4 - Oscillator filement lighted during shut down.
After restoring circuit to compensating transformer.

End of 10 minute key lock 4500,529
End of 10 second dash 4500.480
Change in cycles 49
Percent change 0.0011%

Test No. 5 - Oscillator filament not lighted during shut dowm.
After moving compensating condenser in 2.5 turns from
original setting.

End of 10 minute key lock 4500.565
End of 10 second dash 4,500,690
Change in cycles 125
Percent change 0.0028%

{Continued)



TLBLE 31 (Continued)

Test No. 6 — Oscillator filament not lishted during shut domm.
Lfter moving compensating condenser out 3 turns fronm
original setting.

End of 10 minute key lock 4500, 570
End of 10 second dash 4500.750
Change in cyecles 180
Percent change 0.004%

Permitted by specifications:

Filament not lighted 0.01%
Filament lighted 0.005%

| ABLE 32
Model TBN-2 Transmitter (Preliminary Model)
High Frequency Unit
40 WORDS PER MINUTE KEYING TEST.
Test as per paragraph 3-7-6 of Specifications RE 13& 442D

Trensmitter tested as recelved from manufacturer (circult
to compensating transformer open).

End of 30 minute keying 4500.460
End of 10 second dash 4,500,510
Change in cycles 50
Percent change 0.0011%

Péermitted by specifications: 0.0025%
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Blue
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Green
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TABLE

Hodel TBN-2 Transmitter (Preliminary Model)

LIST OF INDICATOR LIGHTS

Legend
Rectifier Modulator Unit

A.C. overload relzy

Filament on

Intermediate Frecuency Unit

Bias voltage
Rectifier on
Plate voltage

High Frequency Unit

Reetifier on
Plate voltage

Heater circuit

Biss voltage
Master oscillator filement

Data as per paragraph 3-27 of Specificztions RE 134 497A

Purpose

Lights when A.C. overload
is open.

Lights when rectifier fila-
ments are lighted,

Lights when bics voltage is on.

Lights when rectifier is on.

Lights when plate voltage is
epplied bto trsnsmitter.

Lights when rectifier is on.

Lights when plate voltage is
applied to transmitter.

Lights when master oscillator
heater circuit is enersgized.

Lights when bias voltuge is on.

Lighte when master oscillator
filement is lighted.
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TABLE 34
liodel TBK-2 Equipment (Preliminaryv Model)
LIST OF METERS.
Deta as per paragraph 3-28 of Specificstionz RE 134 4974

Hodulator Rectifier Unit

Percentage modulation meter, 0-100, CAY-22230.

Intermediate amplifier plate esmmeter, 0-250 MA, DC, CAY-22065.
Hoduletor plate ammeters, 0-250 MA, DC, CAY-22065.

Input emplifier plate ammeter, 0-50, DC, CAY-22056.

Filament voltmeter, 0-15 volts, AC, CAY-22080.

Output ammeter, 0-2 amps., CAY-22002.

Plate voltmeter, 0-3500 volts, DC, CAY-22145.

Bias voltmeter, 0-500 volis, DC, CAY-22198.

Filament transformer primary voltmeter, 0-250 volts, AC, CAY-22086.

Intermediate Freaquency Unit

Intenna smmeter, 0-25 empr., RF, with cxternal heating element.
(No type number.)

Power amplifier plate ammeter, DC, 0-2 amps., CAY-22002.

Intermediate amplifier plate smmeter, DC, 0-250 KA, CAY-22065.

Master oscillztor plate ammeter, DC, 0-250 MA, CAY-22065.

kudio oseillator plate ammeter, DG, 0-250 MA, CAY-22065.

Filament voltmcter, AC, 0-15 volts, CAY-22080.

Power emplifier tube hour meter, 120 volts, 60 cycles, CAY-22199.

Bias voltmeter, DC, 0-500 volts, CAY-22198.

Plate voltmeter, DC, 0-3500 volts, CAY-22145.

High Frequency Unit.

Haster oseillator screen grid ammeter, DC, 0-50 MA, type HX.
Master oscillstor plate ammeter, DC, 0-100 HA, type NX.
Intermediete amplifier grid smmeter, DC, type NX, 0-100 MA.
Doubler plate ammeter, DC, 0-250 MA, type NX.

Povier amplifier grid ammeter, DC, 0-100 MA, type RX.
Intermediate amplifier plate ammecter, DC, 0-250 MA, type NX,
Power amplifier plete ammeter, DC, 0-500 MA, type NX.
Filament voltmeter, AC, 0-15 volts, type NA,

Tube filament life meter, 10,000 hours.

Bias voltmeter, DG, 0-500 voltr, type NX.

Plate voltmeter, DC, 0-3500 wvolts, type NX.

Audio oscillator plate emmeter, DC, 0-500 MA, CAY-22065.
ntenna ammeter, 0-15 amps., RF, with externel heating element.



TABLE 35
Wordel TSN-2 Troncmitter (Preliminsry Model)

Intermedizte Frequency Unit
UETHRRTINATION OF POVIER QUTPUT.

Test &8 per psragraphs 8-2 and 10-2-3 of Specificstions RE 134 4974.

Column Ho. 1 2 3 7z
‘Control or 300 500 750 1000
lieter Kes, Kes. Kes. _Kes.
A 658 1714 1250 1342
B i 3 5 6
C 1 3 4 5
D 22 34 57 53
E 19 R4 49 525
F 4 4 5 . 6
G 1 3 5 7
B 54, 24 - =
J - - 538 1073
K 5 5 1 6
HO Ip 38 42 38 39
14 Ip a3 85 90 94
Pt Ip 1000 990 930 1000
Int I int.* 16.1 17.8 23.3 20.8
fnt I ext.® 14.99 16.4 20.5 19.5
Ep 2150 2200 2190 2190
Eg 275 282 272 274,
Ef 11 11 11 11
int Cep. 403.5 403.5 465 403.5
"fnt Res. 2.8 2.0 2.0 3.0
int Pr ext.*® 627 538 840 1140
Cuar. Power 700 700 825 1000

* Note: 7"Ant I int." refers to the current reading of the anvennz zmmeter
located on the panel of the trznsmitter.

"int I ext." refers to the current resding of & precision type
instrument located ir the low side of the dummy antemna.

"Ant Pr ext." is the output eelculated from the external precision
snneter readings.



TABLE 36
lodel TRN-2 Trenemitter (Preliminsry Model)
Intermediate Frequency Unit
DETERMINATION OF POWER OUTPUT.

Test & per peragriphs 8-2 and 10-2-3 of Sperificztions RE 13L 497%.

Colirn 1 2 3 4
Control or 1250 1500 1750 2000
__Eater Kes. _Kes. Kes. Kes.

£ 1501 1717 1998 2419

B 7 8 9 10

c 5 6 6 6

D 80 44, 74 92

E 2 38 57 69

E 7 7 7 8

G 9 9 9 9

B 5 s s =

J 308 730 543 898

¥ 1 1 6 1
KO Ip 48 50 50 52
TA Ip 30 90 a0 33
P& Ip 1000 1000 290 975
int I int* 19.4 16.6 15.8 12.75
Int T ext* 17.55 16 14.2 12.4
Ep 2190 2180 2190 2150
Ee 270 271 265 265
Ef 11 11 11 11
kot Crr 73 973 1250 1500
int Res L.5 6.3 7.9 10.25
Int Pr Ext® 1387 1610 1592 1575
Gner. Power 1000 1000 1000 1000

* Note: "Ant I irnt" refers to the currenti reading of the zntennn
srmeter locsted or the nenel of the transmltter.

"int 1 ext® refers to the current reading of & precirion
type instrument located ir the low side of the dummy #ntenne.

"int Pr ext" is the output calculated from the erternel
rrecision ammeter readings.



TABLE 37
Model TBN-2 Transmitter (Prelimincry kodel)
Intermediste Frecuency Unit
MCW OPERATION.

Teet &5 per paragraph 3-41 of Specifications RE 134 4A97A.

Audio
Freg. . Ose. P.A. Vatts Vattis Percent of Percent Mod.
Kes. ip ip =~ _MOW B _CW Power  Neg.  Pos.
300 79 540 - 2325 627 51 100 -
1000 T 590 653 1140 58 100 15
1250 78 620 822 1387 59 100 16
1500 V4 620 970 1610 60 100 16
1750 68 610 957 1592 60 100 16
2000 76 580 991 1575 63 100 16

Specifications require that the signal be modulated not less than 70% and
tbat the power be reduced to not less than 50%.

Frequency of HModulation

‘Measured - 813 cycles
Required - 800 cycles plus or minus 5%.



TABLE 38
Hodel TBN-2 Tremsmitter (Preliminsry Model)
Intermediate Frenuency Unit

VARIATION OF RESONANT FREQUENCY OF MASTER OGCILLATOR PER DIVISION
OF DIAL MAKING.

Test &s per peragreph 3-44 of Specifications RE 13A 497A

Control Control Frequency Divisiens KC per Percent
npn npn ¥KC Change Div. per Div,
614 1 300
1051 1 310 L37 0.023 0.007
1394 1 320 343 0.029 0.009
1728 1 330 334 0.030 0.009
2500 1 342.8 TR 0.017 0.005
0 2 341.5
604 2 350 604 0.014 0.004
1793 2 400 1189 0.042 0.010
2050 2 410 267 0.037 0.009
145 3 410
1024 3 450 879 0.045 0.010
1700 3 500 676 0.074 0.015
2265 3 540 565 0.071 0.013
676 4 540
1439 4 600 763 0.079 0.013
1950 4 650 511 0.098 0.015
2427 4 620 477 0.063 0.009
748 5 680
1595 5 800 847 0.141 0.017
Fl35 5 g00 540 0.185 0,020
2400 5 940 265 0.150 0.016
238 6 9140
937 6 950 699 0.057 0.006
1415 6 1000 478 0.105 0.011
2090 6 1100 675 0.148 0.013
2408 6 1140 318 0.126 0.012
90 7 1120
224, 7 1200 1134 0.070 0.006
1826 < 1300 602 0.166 0.012
233 7 1400 511 0.195 0.014

{f‘nniw%_nnr-r’l\



TABLE 38_(Continved)

Conirol Control Frequency Livisions KC per Percent
LB nph KC Chenge Div, per Div.
1179 8 1400
1768 8 1500 589 0.170 0.011
2197 8 1600 429 0.186 0.012
678 9 1600
1765 9 1700 1087 0.092 0.0054
2440 9 1800 675 0.1.8 0.008
1170 10 1800
1983 10 1900 813 0.123 0.0065
2405 10 2000 422 0.237 0.012

®Width of smallest division of merking: 0.08 inch.

TAELE 39
Model TBN-2 Transmitter (Preliminary Model)
High Frequency Unit
DETERMINATION OF POWER OUTPUT.
Test as per paragraph 3-3 of Specifications RE 13A 442D.

Output measurements obtained by using & photronic cell to
determine power dissipated in & 500 watt lamp.

Freq. M.0. M.0, Doub. I.A. I.A. P.A. P.A. Ant, Plate Tatts
Kes, Isg 1Ip Ip Iz. Ip. 1= 1p I Volts  Qutput

4000 12 84 42 i3 58 60 350 1.0 3060 610
7500 15 90 62 23 52 47 350 1.0 3050 552

18000 13 78 58 2 122 4z 350 = 3050 340

Low Power Operation

2000 13 72 58 32 99 3060 85
3000 12 80 49 a2 130 3060 100
4500 12 72 100 25 130 3060 102

9000 11.5 83 70 22 130 3060 97



TABLE 40
sodel TBN-2 Transmitter (Prelimincry Kodel)
High Frequency Unit
MCW OPERATION.

Test as per paragreph 3-41 of Specifications RE 134 497A.

Freg. QOse. BLA. Wetts Watts Percent of Percent Mod.
Kes. Ip Ip _NCH CH CH _Power Heg. Pos.
4,000 45 333 445 574 TiL.5 68 19
8,000 45 282 375 500 7445 65 20
12,000 45 290 308 416 T4.0 65 18
18,000 45 274 221 316 70.0 71 21

Specifications require that the signal be modulated not less than 70%
and that the power be reduced to not less than 50%.

Frequency of Modulation: Measured - 775 cycles
Required - 800 cycles plus or minus 5%.

TABLE
Model TBN-2 Transmitter (Preliminary Model)
High Frequency Unit
CONTROL OF POWER OQUTPUT.

Test as per paragraph 3-25 of Specifications RE 134 442D.

Voltege Frequency Plate Plate Hatts Percent
Tap Kes. Volts I OQutput Power
P 4500.210 3310 363 680 118
6 .200 3020 338 576 100
5 $225 2680 300 436 76
4 -200 2300 260 306 53
2 «225 2000 200 278 48
2 .220 1640 120 155 27
1 «245 1320 70 86 15

Moximum frequency chenge: 45 cycles or 0.001%.



TABLE 42
Model TBN-2 Trensmitter (Preliminary Model)
Telephone Equipment
CHECK OF OUTPUT LEVELS FROM VARIOUS POINTS OF CONTROL.

Input voltage to microphone terminals 400 cycles, held
constent at 500 millivolts.

Input veltage D.B. Level

spplied at Indicator Channel
Easter Monitor 0 A
Master Monitor +0.8 B
Master Monitor +0.5 g
Moster Monitor +1.0 D
Station Control #2 -5.8 A
Station Control #2 -4.8 B
Station Control #2 -5.0 c
Station Control #2 4.8 D
Ext. 1 on Station Control #2 -5.2 A
Stetion Control®#1 -5.3 A
Stetion Control #1 -4.8 B
Station Control #1 -5.0 C
Stution Control #1 kS D
Ext. 1 on Station Control # . -5.3 B

Station control #2 on Channel "A" zlone produced & level of -5.5 D.B.
Fhen selector key on Mester Monitor, Channel "AM", was closed the level
dropped to -7.0. When the "Radio-Interphone" key on Master Monitor
was thrown to radio the level dropped to -9.0 D.B.

Note: With this letter comdition prevailing, Channel "A¥ could be
nodulated from two locations at the szme time, l.e., from
Stetion Control #2 snd from the Master Monitor position.



TiELE
¥odel TBN-2 Tranrmitter (Prelimincry Hodel)
Telephone Equipment
DISTORTION CHARACTERISTIC OF LEVEL INDICATORS ON HESTER MONITOR.

Test as per paragraph 34-9-5 and 6 of Specificstions RE 134 4974.

Explensztion: With a constent sudie input at 400 cycles, the Transmitter
Line Level Control was sdjusted to -6 D.B., which is equal
to 50% modulatlion. The range switch controlling the Trans-
mitter Lire Level Indicstor wze then thrown to ezch of the
three positions in turn, i.e., -10, 0 and +10. The dis-
tortion characteristic of the Line Amplifier in the Master
Monitor was then determined for each positicn of the Line
Level Indicator Range Switch.

CHANNEL, mAR
Percent Percent Position of
Koduletion Distortion Renge Switch
50 3.5 0
50 3.2 5 +10
CHANNEL. wRB®
50 3.8 c
42 6-2 —10
51 3.7 +10
CHANNEL "g®
50 ) 3.9 0
42 T2 . -10
52 3.7 +10
CHANNEL "Dv
50 3.7 0
42 5.9 -10
52 3.6 +10

In the following tests the percentage modulation was held constent at 50%
in all three positicns of the renge switch and the distortion measured
under these conditions.

CHANNEL "A®
50 3.6 0
50 Tl ~-10
20 Fel +10

(Continued)



TABLE 43 (Continued)

Percent Percent Position of
Koduletion Distortion Range Switch
CHANNEL "Bn
50 3.6 0
50 6.4 ~10
50 3.4 +10
CHANNEL "C"
50 38 0
50 3.6 +10
CHANNEL T"D®
50 3.7 0
50 6.2 -10
50 3.6 +10
TABLE

Model TBN-2 Transmitter (Preliminary Model)
Telephone Power Unit
TEMPERATURE RUN ON RECTOX UNITS.

Test as per paragraph 3A4-10 of Specifications RE 134 497.

Temp. of Temp. of

Ambient Top Bottom Output Load
Time Temp.°C. Row Row Voltage Current
1430 30.0 35.0 32.8 11.5 6.0
1445 30.6 38.2 35.3 11.1 5.8
1500 30.5 42.0 38.0 10.8 5.5
1530 30.4 44,.0 39.0 10.4 5.4
1545 30.8 441 38.7 10.3 5.3
1600 30.8 Lty 2 38.8 10.3 5
1615 30.0 43.5 37.6 10.3 5.2
1630 30.8 43.9 38.5 10.1 5.2

Load current adjusted to 6 amps. at start.
Line volts &t start of test -{440) 110
Line volts &t end of test - (442) 110.5



TABLE 45
Model TBN-2 Transmitter (Preliminary Model)
Telephone Equipment
EFFECT UPCN MODULATION OF D.C. CURRENT IN KASTER KONITOR
HICROPHONE CIRCUIT.

Input voltage at 1000 cycles.

Microphone Input Percent
Current Voltege Modulstion
0 MA 0.520 95
10 0.545 95
20 0.570 95
30 ' 0.620 95
40 0.695 95
50 0.915 95
€0 1.000 51

Input voltage at 300 cycles.

0 1.00 5l
10 1.00 48
20 1.w M
30 1.00 36
40 1.00 27
50 1.00 14

Input voltage at 5000 cyoles.
20 0.600 92
50 0.600 56
60 0.600 22



' Shock No.

WP M e LSRN I O

Wi W o+

All dial locks securely locked before test; one preliminary shock given

TABLE 46

Model TBN-2 Transmitter (Preliminary Hodel)

Intermediate Freguency Unit

Frequency

before Shock

2000.515
" 565
.623
.660
.698

SHOCK TEST.

Frequency
efter Shock

2000. 565

Maximum frequency change:
Average frequency change:

1000.415
.352
«327
319
.318

.623
.660
.698
723

58 cycles;
41 cycles;

1000. 348

Maximum frequency cheange:
Average fregquency change:

300.574
=548
- 540
-560
+ 549

<327
.319
.318
«324

67 cycles;
21 cycles;

300.548

Maximum frequency change:
Average frequency change:

before each test.

-540
- 560
<549
«531

26 cycles;
16 cycles;

Cycles
Difference
50
58
37
38
25
0.0029%
0.002%
67
25
8
1
6
0.0067%
0.0021%
26
g
20
11
18
0.0086%.
0.0053%.

Test as per paragraph 3-65 of Specifications RE 13A 4974



TABLE 47
Model TBN-2 Transmitter (Preliminary Hodel)

Intermediste Frequency Unit
POWER REQUIRED FROM SUPPLY LINES.

Test as per paragraph 6-5 of Specifications RE 134 4974

Watts

Control circuit, rectifier filements, and heater 870

M1 circuits energized, key open 1800

Complete transmitter, key locked, full power (Tap 6) 3800

Control eircuits and heater only 450

Control ecircuits only 200

Transmitter operating &t 2000 kes. into 6 obm antenns (CW).

Rectifier P.A. P.4A. Intenna Watts Input from Lipe
Tap Ip Ep Current Key Open Key Closed

% 800 2400 14.15 1850 4180

6 740 2220 13.0 1800 3800

5 660 2010 11.6 1740 3380

4 570 1800 10.0 1680 3000

3 47q 1580 8.45 1620 2600

2 380 1380 6.7 1580 2280

1 260 1140 2.4 1550 2000

MCH
6 L50 2250 5.0 1800 3220



TABLE 48
Model TBN-2 Transmitter (Preliminary Model)
High Frequency Unit
POWER REQUIRED FROM SUPPLY LINES.

Test as per peragreph 6-5 of Specifications RE 134 4974

Batts
Control circuits, rectifier filaments and heater 900
Al circuits energized, key open, heater on 1930
Complete transmitter, full power, tap 6, key locked, CW 3350
Complete transmitter, full power, phone, 100% modulation 4010
Control eircuits and heater only 500
Control circuits only 270

Trensmitter operating at 2000 kcs. into 6 ohm antenna (CW).

Rectifier P.A. P.Bi Intenna Wetts Input from Line
Tap Ip Ep Current Key Open Key Closed

7 375 3410 9.8 2020 3740

6 350 2990 9.7 1530 3350

5 290 2630 8.2 1820 2910

2 242 2250 6.8 1740 2520

3 190 1940 5.4 1670 2230

2 140 1620 2.0 1600 2000

1 80 1320 0.6 1550 1820



TABLE
Hodel TBN-2 Transmitter (Preliminary Model)
Rectifier Unit
CONVERSION FACTOR OF MAIN PLATE RECTIFIER.
Test as per paragraph 6-45 of Specifications RE 13A 497A.
Input watts: 2482
Output watts: 2078
Efficiency of conversion: 83.7%

Efficiency of conversion required by specifications: not less
than 80%.

TABLE 50
Model TBN-2 Trensmitter (Preliminary Model)
Rectiflier Unit
VOLTAGE REGULATION OF RECTIFIERS
Test as per paragraph 6-46 of Specifications RE 134 497A

Voltage VYoltage Percent
Rectifier No Load Full Load Regulation
Hain Plate 2310 2185 5.4%
Mid Tap 1140 1120 1.7%
Auxiliary Plate 1055 1040 1.4%
Bias 305 302 1.0%

Permitted by Spacificaticnal

Main Plate 5%
Auxiliary
Bias 6%



TABLE 51
iodel TBN-2 Transmitter (Preliminary Model)
Rectifier Equipment
MEASUREMENT OF RIPPLE VOLTAGES.

Test as per Specifications RE 13A 497A, Paragraph 6-47.

DC Ripple Voltzge =t (Cycles)
Rectifier Voltage 60 120 180 240 360 720
Main Plate 2210 1.2 s ~ - 0.75 3.4
uid Tap 1085 0.6 - 0.9 - 1.4 1:2
puxiliary 1015 d 4.9 - 58 13 2
Bias 307 - 1.3 ~ - - -
Control 110 4ab 6.3 23 2.2 0.75 -

. (In addition the control rectifier showed 1.8 volts
at 300 cycles; 1.2 volts at 420 cycles; and 0.7
volts at 540 cycles.)

SUHMARY
Rectifier Totel Ripple Percent Ripple
Main Plate 5.75 volts 0.26
¥id Tap 1.87 0.17
Auxiliary 6.0 Q.59
Bias 1.3 0.40
Control 8.66 7.80

Note: The total ripple voltage is obtained by taking the square
root of the sum of the squares at the various frequencles
measured.,

Permitted by Specifications:

HMain Plate 0.5%
Auxiliary 0.5%
Bias 0.5%



TABLE 352
Model TBN-2 Trensmitter (Preliminary Hodel)

Rectifier Unit
VARIATION OF RECTIFIER QUTPUT VOLTAGE.

Test as per paragraph 6-50 of Specifications RE 134 4974.

Rectifier Rectifier Percentage
Tap Switch Qutput Voltage of Normal
7 3310 110
6 3020 100
5 2680 g9
4 2300 76
3 2000 66
2 1640 55
A 1320 44

TABLE

Model TBN-2 Transmitter (Preliminary Model)
Rectifier Unit

LIST OF CONTROLS FOR OPERATION OF RECTIFIER UNIT.

Volume Control

Intermediate Amplifier Bias Control
Modulator Bias Control, Tube No, 1
Modulator Bias Control, Tube No. 2
Voice Relay Sensitivity Control
Filament Rheostat

2-Position "Talk-Off"™ Switch
3-Position "Voice Relay-Manual® Switch
Microphone Jack

Emergency Switch

Power Supply Switch

Voltmeter Switch

Filament Stand-by Switch

Filament Rheostat

Transfer Switch, 4 points, interlocked
Tap Switch, 7 points, interlocked



TLBLE 54
Model TEN-2 Transmitter (Preliminary Model)
High Frequency Telephone Unit

INTELLIGIBILITY TEST OF MICROPHONES

Errors made by Listeners Preference of
Observer Test No. 1 Test No. 2 Test No. 3 Observer
A 2 5 2 Test No. 3
B 2 1L 8 Test No. 1
G 7 16 i Test No. 3
D 11 21 10 Test No. 3
E 13 18 11 Test No. 3
F A 19 4 Test No. 3
G 4 20 3 Test No. 3
H 3 16 5 Test No. 1
I 3 1z 3 Test No. 3
J 4 22 2 Test No. 3
Totals - 51 175 47 (8 for Test 3)
(2 for Test 1)
Tabulation of Errors according to Speakers.
Observer esker A Speaker B Spesker C Speaker D
A 3 5 3 5
B 6 7 3 8
C 8 4 5 T
D 15 13 5 9
E 13 11 7 9
F 8 A 6 9
G 6 T 5 4
H 9 6 5 4
I 6 5 3 6
J T 7 6 2]
Totals - 84 €9 48 72

(Continued)



TiBLE 54 (Continued)

Tabulation of errors according to speskers znd microphones.

Speaker A Spezker B Speaker C Speaker D

Test No. Test Ho. Test HNo. Test No.

Qbserver e WS A 2 3 - 23 e 2, 3
L i 5 © o3 3 @ 2 A g 5 0
B s R Q. 5 2 g 2 G i1 5 2
C Z 5.0 & 53 D 2 3 © 1o 5 b
D 3 B 4 3 5 5 A R o 5 B
E % T B = &b F 2 2 2 5 2
F 1 65 1 1 SE e B e & 1 6 2
G i 5 8 . & 0 0 4 1 2 5 B
q 1 LA 3 4 1 e 4 4 EEE A
I 1. 5 08 Ll e 4 Lt 2 D g 4 2
J 8 % 8 g & 1 = % 4 2 6 0
Totals 15 55 ‘14 12 42 15 13 30 7 13 48 11
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