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iu~]QRIZATION OF TF:ST _ .. 

1~ The tests here1n reported were authorized by ref o (a) o Other 
pa~tinent dataare lioted as references (b) to (q) inclusiveo 

Reference: (a) BuEng letoNOs-)8614(5-9-WS) of 17 May 19350 
(b) Specifications RE l)A 497Ao 
(c) Specifications RE lJA 41.2.Do 
(d) Contract N0s-.38614 of August 3, 19340 
(e) Westinghouse CooDescriptive SpocsoR-816. 
{f) Weotinghouse CooDescriptive SpecsoR-770. 
(g) Westinghouse Coe'l'ype Test Data, HoFoUnit . 
(h) Westinghouse CooType Te!lt Data, IoFoUnito 
(i} Westinghouse CooletoWG-17535 NOs-38614 of 

9 Jano1935 to BuEngo 
(j) Sub Contractor's description of speech 

equipmento (1-30-35} 
(k} Westinghouse Cooletoof May 15, 1935, to 

INM, Hartfordo 
(1) IN.M, Hartford, letoto BuEng, L.5-l(NOs-.38614) 

(256) NL'IU, L5-l{N0s-J609l)(5ll) NIRA of 
Jl 1-Aay 19J5o 

{m) BuEng letoNOs--38614(5-9-WS) of 26 June 1935 
to NRLo 

(n) INM Hartford letoL5-l(NOs-·•38614) (26l)NIRA, 
L5--l(N0s-36091) (582)NIRA of 19 June to BuEngo 

(o) \'iestinghouse let .. o.f 10 .June 19.35 to INH,Hartrord. 
(p) BuEng letoS67/49(7-27-W8) of .30 July 19.35 
(q) BuF.ng letoNOs-38614(7-15-1'8) of 31 July 19.35 .. 

OBJECT Q!..TEST 

2o The object of tne tests was to deter:nine the following: 

(a} The actual performance of the equipment with 
respect to contract requirementso 

(b) Any depnrtu.rea from contract requirements~ 

(c) The nature of changes necessary to correct any 
departures from contract requirementao 

(d) Recommendations regarding possible improvements 
considered necessary to meet service requirementso 

(e) Recollllllendations regarding desirable improvements 
for service useQ 

(f) Recommendations regarding future specifications, 
particularly concerning telephone featureso 
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ABSTRACT OF TESTS --
3 0 The te~~a he~ain reported were conducted to determine the degree 

of co:npliaoce of the Model TR."i- 2 tranam.itting equipment (preliminary model) 
with the mechanical and el.ectrical requirements set forth in refs 0 (b), (c), 
and (d)o Specificallys tests were conducted to determin9 the following: 

(a} 
(b) 

{c) 

(d) 

(e) 
(f} 

{g) 
(h) 
(i) 

(j) 

Ability to withstand ship:nento 
Check of mechanical or pcysical conatructlon and assembly; 

general workmanship; materials usod; corr9sion resisting 
measures nnd adequacy of electrical circuits. 

Powor output; power input; overall efficiency and flexibility 
o:f antenna coupling circuitso 

Qualit;r of emitted signals; lilt; undesirable modulation; 
key clicks; keying speeds and break-in operati~n. 

Check of dimensions and-weighto 
Determination of cycles per division or tuning over range 

of master oscillator circuitsv 
Check of temperature control circuitso 
Check of protective circuitso 
Dete-rmination of frequency of modulation, percentage of 

modulation and power output while operating MCW. 
:Frequency stability and accuracy under following 

conditions; 

(1) 
(2) 
(J) 
(4) 
(5) 
(6) 
(7} 
~8} 

c1i~ 
(ll) 
(12} 

Key locked. 
Intermittent keyi.~go 
Reset accuracy and b~ck-laaho 
Variation o~ supply line voltageo 
Variations in 81:lbient. temperature and humidityo 
Variation in antenna constantso 
Detuning of amplifier stages,. 
Change of vacuum tubes~ 
Eff~ct of Adjust-Tune--Operate controlo 
E.ffect of vibration and roll or pitcho 
Effect or shock s1.mulating gun fireo 
Effect of power output control~ 

(k) Recti£ier unit; determination of efficiency of conver­
sion; voltage regulation and percentage nnd frequency 
of ripple voltageu 

(1) Effect of short-circuiting and open--circuiting the 
antenna system. 

(m) Effect of grounding any one phase of the suppl7 
cir cuito 

{n) Degree of interference caused by morcury vapor 
rectifiers in nearby receiv~rs. 

(o} Check of telephone equipment t o determine dis-• 
to.rtion; frequency responDCj percentage modu­
lation and the general action of the speech 
input equipment .. 

__ ? , . . 



· Qg_:.clusj_o.DJ! 

(a) T'ae external appearance of the equipment is excellent; the con·•• 
~~JlS a~e rugged and well located and the accessibility provided is as 
;Put as the limiting conditions permit~ The internal wiring is orderly 
;~d of good quality, secw.·ely held in place and protected where necessary0 

t~e component parts comprising the various assemblies are arranged and 
located with a view of effecting economy in space, orderly appearsnce and 
yet permit as greot accessibility for servicing operations as possibleo In 
general, the assemblies reflect engineering skill, good desien, good work­
manship, and efforts to comply with the requirements of Navy specificationso 

(b) Both tranSJ:1itting i.mits produce the required m:iount or more than 
the required power output except in the region of JOO to 500 kilocycles, when 
employing the restricted antenna con_stants required by Navy conditionso The 
t,ming adjustments are simple and direct and flexible antenna coupling cir­
cuits have beon providedQ 

(c) No major operational failures oc~urrod during the course of ex­
tensive tests., Certain difficulties were encountered from which it is con-­
eluded that further attention is required to 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 nudio oscillator circuit in the 
intermediate frequency tmit should be amended to prevent overheatingo 

(d) With respect to the speech input equipment and voice operation the 
tests showed that the microphone circuits require·certain modifications if 
more natural and desirable qualities of speech are to be retainedo The 
present circuits produce understandable speech but a distinct difference is 
noted between tne microphone circuits supplied in the modulator unit and 
the microphone cil'cuits incorporated in the master monitor, station control, 
and station extension units, the former circuit producing the better qualityo 
Tha results of tests indicate tha.t the cm:-bon button type of microphone is 
more suitable for use with this equipment than the sotmd power type of 
microphone. 

(e) The modulation metern provided for monitoring the equipment are 
capable of accurate indications but nre subject to failure from several 
causeso These conditions must be overcome before tho modulation meter can 
be considered satisfactory for service useo In addition, precautions must 
be taken and means provided to prevent arc overs occurring within the 

· transmitter when high level modulation is being usedo 

(f) The speech input circuits have been provided with exceedingly 
flexible controls which appear adequate for coping with all normal condi•• 
tions of operationo Precautions ~ust be observed, however, that rea3onable 
voice levels are maintained at the various points of control since more 
than one operator may be employing the same speech channel; thnt the micro­
phones are not subjected to prohibitive noise levels, particularly .1han 



voice control of the carrier i s being used and that all cperators and ob-­
servers endeavor to adjust themsolven to the level:,; of speech and hearing 
s~t by the master control ~perntor in order to minimize the difficulties 
rosulting from tae variations between individual characteristics of speech 
aad hearingo 

(g} From observi:'ig the operation of this type of equipment it is evi-­
dent that certain methods of operntion and policy which are not necessary 
in connection with CW operation will have to be formulated and observed in 
order to maintain the equipment at a high state of efi'lciency. Abnormal 
overloading of cir cuits must be avoided, propor modulation levels must be 
m.aintained, power output reduction should not be accomplished by reducing 
the potentials applied to the tubes and the various vacuum tubes employed 
in connection with voice operation cmmot be used 1.mtil the last bit of 
life has been extracted from them, if high quality operation is to be 
realizedo 

(h) A number of changes, modifications, and corrections are indicated 
in order to provide greater safety factors, improve operati on of the eqtµ.p­
ment a.~d to effect grenter ease in handling by the operating personnelo 

(i) The fact that the equipment succesafull7 withstood extensi ve 
tests over a period of several months wherein it was subjected to the dii'­
ficul t conditions encountered on board Naval vessels, as nenrly as Labora•• 
tory conditions •ould permit, including numerous overload tests, locked 
key operation at full power for periods as long as eieht h~urs,severe 
vib~ation, shock, and the motion designed to simulate the rolli~g of a 
vessel, variations in temperature from 1.ero to 50° c, conditions of high 
humidity wherein the equipment was actually saturated f or several hours, 
indicates that the appar~tus is well designed, well constructed, and possess­
es liberal safety factors which should insure reliable operation in the 
naval Serviceo 
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It is recom::nended~ 

(a) That carbon resistors be employed only in such circuits where it 
is defL~itely pro7en that standard wire wound resistors are unsuitableo 
(See paro35) 

(b) That the use of 38056 vacuum tubes in the audio amplifier be ap­
provedo (paro 36) 

(c) That the front -panel of the master monitor unit be strengthened 
and that more secure means for fastening the front hinged panel be pro­
videdq (par.40} 

(d) That additional doors be provided on the sides of the telephone 
power tmit to improve accessibility and that additional perforations be 
punched in the top cover of the telephone power tmit directly over the 
Reotox "lnits i.11 order to improve ventilation. (paro4l) 

(e) That the interconnection wires to the station control units be 
connected to the front studs and that the permanent interior wiring be 
connected to the rear studs in order to simplify placing the units into 
commissiono (par 042} 

(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. {pm-.43) 

(g) That the corrosion resisting qualities of the equipment be im-• 
proved by requiring that all metallic parts of' "Lord" mot.mtin~ be con­
structed from non-corrosive metal; that the cores of all relays be suf­
ficienUy covered with suitable paint or compound to prevent rust and 
that the worm on the master oscillator tuning control be constructed of 
stainless steelo (paro 46) 

(h) That all hinges provided with tho equipment be fabricated from 
nickel plated brasso (paro 47) 

(1) That the mica.lex supporting atrips 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 balcelite. (par.48)o 

(j) That the "Doion" breaker which now serves as t?le main switch 
and as an overload protective device be so proportioned that it operate 
on overloads of at least 50% nnd that all overload relays be furnished 
so that they may be properl:r adjusted, together with specific instruc­
tions as to whether oil should or should not be used in the dash poto 
(par.,50} 



... (k) That the top of the rectifier modulator unit be pr ovided IVith 
'j,erforations in order to increase ventilationo (paro 53) 

. (1) That proper precautions be taken to see that t he power amplifier 
·: late chokos in the high frequency unit are properly connected in all 
~reduction modols to prevent overheating. (paro54---n) 

. (m) That steps be taken to prevent overheating of the audio oscilla--
:tor circuit in the intermedi ate frequency units and that a moro satisfactory 
:ae:;ign of power amplifier plate choke in t he intermediat e frequency unit 
i,e evolved befor e it is considered sati sfactory for service use. (pai:054-b) 

> (n) That care be exercised to provide fuses in the telephone pol'ler 
iinit which will withstand the effects of vibrat ion. (par.58-c) 
~i~ 

it (o) That t he volUJ11e control on the modulator unit be provided with 
[ii dial and point er to indicate the various steps of adjustment. (parso6l 
fli.,,d 149) 
t~ + 

if, (p) That t he connections to the key relay in the intermediate fre-
i1q:uenCY tnrl.t be modified so as to prevent any of the leads from becoming 
I • ( :iccidentally groundedo par. 66) '· . l:! 
;; ( q) That t he tube so eke t in the speech relay circuit be plainly 
'!iarked with the type number 0£ the ~ube which is to be employed in this 
$OCketo (par. 70} . 
r: 
:h 

:i (r) That the sequence of: control markings on the i ntermediate fre­
quency unit be modified to correspond with the suggested order listed in 
Table ll and that a stop be provided on Control "F" to prevent this con~ 
trol from moving too far to the left. (par.. 81-n) 
:,1 

:!i 

• (s) That the calibration card supplied with the high frequency unit 
he enlarged to provide space !'or listing the calibration data for l2 
frequencies, (par .. 82) 

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

, (u) That the compenaating condenser in the high frequency unit be 
~djusted so that it "111 provide the same degree of frequency control as 
~as obtained in the original TBK equipments, and that a more flexibl e 
~ound strip be employed to ground the mast er oscillator compartment of 
ithe high frequency uni to (par .. 97) 

, (v) That the power output of the intermediate frequency unit at 
POO 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 limitationso (par. ill) 

. (w) That the frequency per division of marking of t he intermediate 
1requency unit master oscillator dial be considered satisfactory snd 
fthnt no changes be required in this connectiono (paro 115) 
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(x) That the height of the hand rails on the intermediate frequency 
ir,it, the modulator rectifier unit, and the high frequenc-J unit be so 
located that they all will be equidi~tant ~bove the deck level. (paro 126) 

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

(z) That further information be obtained from the manufacturer to 
deterliline whether it is possible and feasible to design the microphone cir-­
cu.its in such a manner ns to prevent level changes when the number of micro-­
phones connected into a given circuit is varied·. (par. 129-d) 

(aa) Th~t the necessary inspection precautions be taken to insure that 
all level indicators are satisfactory and that no pointers stick. (parol3J-l) 

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

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

(dd) That a suitable desk stand be provided for tho hand set at the 
m3ster monitor station in placo of the present telephone receiver hook. 
(par. 133-16) 

(ee) That approval be granted to con:Jtruct the master monitor tmit 
within the dimensions as they now exist. (par. 133-17) 

(ff) That the requirement which provides that the doors of the station 
control units shall be held in a horizonta1 position be cancelled. (parol37} 

(gg) Tb.nt 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 (U} That the frequency cbnracteristics 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 mic1•ophone eircuit in the modulator rectifier unit. (pars. 142, 143, 

. and 14$) 

(jj) That the accuracy of the modulation meter provided (last sample 
submitted) be considered satisfactory, but that the modulation meters of 
th1s type be considered as unsatisfactory £or service use until steps have 
been taken to insure their continued operation under operating conditions 
and that corrective measuz-es be taken to prevent the P.A. tank c4-cuit 
condenser from arcing over when high level modulation is being usedo 
(paro 150 and 151) 
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(kk) 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 exten8ion units, and master JDOnitor tmit be revised in ac­
cords."lce with tho suggestions contained in par. 159. 

(mm) That precautions be taken to inBtn'e that inspection of production 
models rrill reaul t in satisfact-:>ry adjustment of the friction devices which 
hold the covers of the station control units open. (par. 160, par. I) 

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

(oo) That a separate "st.a.rt-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 ope1;ator, when the selector switch is in the 
~rectilier 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 
rlth. 

(qq) Tb.at the improved type of lifting device in accordance with the 
sample subn.1.tted by the contractor, be approved for all units of the TBN-2 
equipment requiring lifting devices. (par. 7.3) 

(rr) That future apecitications require that a standby switch be 
provided on the rectifier unit. (par. 19.3) 

(as) That i'uture contracts involving the ~pqing of preliminary 
models require that the contractor furnish a complete set of intorconnec-­
tion cables, properly- marked, for the duration ot the test periodo (paro202) 

(tt) That the Bureau consider the advisability or making a noise 
survey on board the various vessels which will be equipped with tour 
channel voice operated equipment, in order that the various stations may 
be located in places where disastrous noise levels lfill not interfere with 
the efficient and eatisfactocy operation of the equipment. 

(uu) That the preliminary- model of the TBN-2 equipment be considered 
satisfactory for Naval use after the recommendations Ueted above have been 
complied with in a manner meeting the approval of the Bureau or Engineeringo 



!::!fT:•:.rUAL UNDER TEST 

4. The material under test consists of the following: 

1 - Type CAY-20033 Modulator Rectifier Unit 
1 - Type CAY-52046 I.F. Transmitter Unit 
1 - Type CAY-52048 H.F. Transmitter Unit 
1 - Type Cil-23071 r.taster 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 E:x:tension Units 
.2 - Type Cfl-51005 Kicrophone Units (Chest Type) 
1 - Hand ~et (Microphone and Receiver) 

5. The Model TBN-2 equipment was mnnufactured under Contract NOs-38614 
by the Westinghouse Electric end Menuf's.cturing Company (Western Electric 
Company, sub-contractor for speech input equip'llent). The equi~ent operates 
from a primary power source of 440 volts, 3 phase, 60 cycles. The inter­
mediate frequency transmitter ha:s a nominal output of 1 kw ancl covers the 
frequenc-3 range of' JOO 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, end covers the frequency range of 
2,000 to 18,100 kilocycles on high power end 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 also contains the various rectifiers required to 
develop the voltages for energizing both the high frequenC'J and intermediate 
frequency transmitter units . Only ·one transmitter can be energized at one 
time. 'Ihe 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. r.~e modulator rectifier, high frequency transmitter and speech 
input equipment wns received at the-Naval Research Laboratory on May 17,19.35-
The intermediate frequency transmitter was received at the Washington Navy 
Yard, Friday, May 31, 1935, and transferred to the Naval Research Laboratory 
on Wednesday, June 5, 1935. Transportation was accomplished by means of 
motor truck express from the Chicopee Falls plant of the manufacturer. 

METHOD OF TEST 

7. The equipment, when received, was carefully exruo.ined to determine 
whether any breakage had occurred during transportation and whether adequate 
precautions had been observed in preparing the apparatus for shipment. 

8 . The equipnent was then wired up and placed into collllllission, particu­
lar attention being paid to the preliminary instructio!ls governing the in­
stallation to determine whether the-; were complete and adequate. 

9. Po~er output determinations were ~ccO!llplished through the medium 
of a 500 watt lamp ruid a calibrated photronic cell, the output of wbich'was 
measured by a micro&'lllllcter. The buse of the lrunp was removed in order to 
minimize cape.city losses. At intermediate frequencies output measurements 
were made using dummy antennas of the proper characteristics m1d the I 2R 
'"'.". - ~:,v,: of determining pov1er was empl oyed. 
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10. Frequency changes and drifts were checked by means of the Model 
Lf. and LK frequency indicating equipnents, the transmitters being operated 
at full power output ,:henever the governing speci.fica tions required this 
method of operation. 

llo Frequency range, overlap, and kilocycles per division of markine 
were determined by means of a Type CAG-74016 heterodyne calibrr:.tor. 

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
quen~T indicating equipmento 

13. Input power checks r.ere made by means of a polyphase wattmetor. 
The efficiency of -conversion was determined from input measurements made 
by meons of the polyphase wattmeter and output measurements were calculated 
from d. c. voltmeter and ammeter readings. 

14. Keying records were ma.de through the mediUlll of. a recording oscil­
lograph actuated by the recti£ied antenna currento 

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

16. Model RAB-1 RAB-2-a, and RAA receivers were used in the tests 
for determining the quality o.f emission and the effect of the rectifier 
tubes and aoco contnctors upon adjacent receivers. The same receivers 
-,;ere used to determine the ef.fect of grounding one phase of the primary 
supply voltageo All . three phases of the power supply were grounded in 
rotationo 

17 o Distortion measurements of the speech equipment were made by 
means of a Model OB audio analyzero 

180 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.Fo microvol ter 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. 

190 Modulation investigations were conducted by three methods; i.e., 
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 as a part of the equipment under testo Phase 
adjustment a.nd l.Ul.distortcd amplification was provided through the mediUDt 
of special "Ampl i--fil tersn used in connection with the ca tho de ray oscil-• 
lographo The cathode ray oscillograph was carefully checked to insure 
linearity of respons~ and the trapezoid method of det ermining the per­
centage modulation was usedo In order to insure accuracy the phase of 
the sweep circuit voltaee was reversed during each measurement and the 
average of the two readings used in calculating the final resulto 

-4-



20. K7y clicks were.observed in the usu~ manner by lis teni ng on 
ne~rby receivers. In addition, direct comparisons were made between the 
keying systems provided in the H.F. and I.F. transmitter units aod the 
results obtained when using the special anti-click method of keying de­
veloped at the Naval Renearch 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 mount ing 
the equipment upon a special test stand 'Whereby vibration could be ap­
plied in a manner simulating that encount ered afloat. 'Ibe same test 
stand simulates the roll of a vessel so thnt the equipment may be in­
clined at angles 45° from the vertical at a period corresponding to the 
roll of a vessel . 

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

24. The visual frequency indicating equipnent, Model LH and Model 
LK bavo been repeatedly checked and have been fom1d 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. Fo;;er output measurements should be accurate to within 5%. The 
values of resistance used in the dwmny antennas were corrected with re­
spect to frequency and the resistance of the cape.citors 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, voltnge, and current were all instruments of the 
precision type vmose co.librations 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 lovrer levels with increc.sing accuracy at the 
high levels. 

30. The equipment used for measuring distortion is accurate to 
within 5% above 2% distortion. For measurements below this vnlue the 
accuracy decreases to 15% at 0.5% distortion. 

-5-



RF.SULTS OF TESTS 

31. Upon receipt of the :Uodel TBN-2 equipment it was noted thnt 
satisfactory precautions had been taken to safeguard the material during 

. shipment. In addition, the equipment was pecked in a mrumer which per­
~i tted of easy disassembly of the cases and the removal of the various 
units without exposing them to injtll'Y• 

32. In the follom.ng paragraphs of this report reference is made to 
the governing specifica tions, RE lJA 497A (and RE lJA 442D) under which 
this equipment was constructed. Where no specific reference is made to 
any particular paragraph it is to be understood that the equipnent under 
test complies with this paragraph and that no further explanatory remarks 
are considered necessary. 

JJ. In accordance with the instructions contnined in par.6 of ref.(a), 
the 500 watt high frequency transmitter unit was not subjected to the 
usunl complete tests on CW operation, since this is the same unit which 
wns subnitted as the preliminary model on Contract NOs-36091 (Model TBK). 
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 
adversely affect the Cii operation. (NRL Report No. R.-1087 covers in de­
tail the tests conducted with this unit under Contract N0s- 36o91). 

34. Section I. The Model TBN-2 equipment ceets the general scope 
of this introductory section of the speoJ.tications. 

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

Resistors RJ.., 2, .3, 4, 5, 18, 19, and 20 in the inter­
mediate freque.~cy unit. 

Several items of small resistors in the master monitor 
unit. 

Capacitors C-137 and C-138 in the mi.crophone circuit 
of the rectifier modulator unit and other capacitors 
in the telephone power unit. 

Resistors R2, IU9, and R20 are carbon type resistors. These units are 
employed in the grid circuits of the master oscillator and power ampli­
fier tubes nnd 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 
freq~ency transmitter is call.ad upon to cover a frequency range consid­
erably in excess of tJ1at usually employed it appears t.~at special means 
of stabilization are required. ll the manufacturer is in a position to 
furnish data indicating that the ordinary wire wound vitreous enamelled · 
type of resistor is unsatisfactory for use in these loce.tions it is 
recommended that the Bureau consider the advisability of waiving the 
use of standard r esistor s in these particular applications. 'lhe remain­
ing non-standard resistors mentioned above 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 BuEhg let.NOs-38614(12-13-WS) of 
24 December 1934 to INM, Hartford. 

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

In addition, the H.F. unit of the TBN-2 equiplllent was provided with a spirit 
thermometer. From the information contained in INM, Hartford, letter of 
31 .May 1935, ref.(l), it is understoo~ that mercury thermometers will be pro­
vided in production equipment. The manufacturer subnitted 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 indic~tes that mercury thermometers may be used success­
fully in locations where the radio .frequency field is not excessive. '.Ihero­
fore, it is recOllllllended that the use of mercury thermometers, con.forming to 
the governing specifications, be provided in the production models of the 
TBN-2 equipments. 

The remaining items listed under par.2-2-a of the speci.fications 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 rectif'ier 
2 - 38166A - Bias rectifier 
2 - S-289416D - Rectigons, control circuit. 
2 - 38110 - Audio amplifier 
l - 38110 - Telephone control circuit 
2 - .38111A - Intermediate audio amplifier 
2 - 38149 - Modulation 

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

6 - 38172A - Main plate rectifier 
2 - 38166A - Auxiliary plate rectifier 
2 - .38166A - Bias rectilier 
2 - 8289416D - Rectigons - control circuit 
2 - 38056 - Audio amplifier 
1 - 38ll0 - Telephone control circuit 
2 - 381llA - Intermediate audio amplifier 
2 - 38149 - Modulation 

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.(aj. 38056 
tubes a.re not listed in RE 13A 346T but they have been included in Navy 
Specifications RE 1.3A 600A with the proviso that specific approval must 
be obtained for their use in new equipment. It is pointed out that the 



m~ster 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 !norease 
t be number of types of tubes used. Therefore, in view of the fact that 
the 3$056 tube is being used in the master monitor unit, and thnt the use 
of the 38056 in the audio amplifier has gi ven excellent results during 
test, it is recommended that the substitution of these tubes in place of 
the 38110 tubes be author ized. 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 equipnent employs the follow­
i ng tubes. It will be noted that with the exception of the four 38056 
tubes used in the master monitor unit, all tubes used are listed in Navy 
specifications as standard t ubes. 

Intermediate frequency unit 
3 - 38160 tubes 
1 - 38151 tube 

High frequency unit 
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 rectif ier unit is constructed of aluminum alloy angle 3/16" x 
3" x 3", secured by means of 3/16" .x 711 x 7" gusset plates at t.he corners. 
The front panels are of 3/16" cast aluminum, provided with stiffening 
ribs. The side and back shields are f abri ca ted from 3/32" alumi..'>'ltllll with 
punched holes for ventilation. The top of this unit consists of a plate 
of 1/4" aluminum, unperforated, and forms the support for various trcns­
formers and other items included in the modulator system. This method of 
support appears to be entirely adequate since litUe or no bowing or 
bending could be detected. The intermediate frames of this unit are 
3/1611 x 2" x 2" and are secured at the corners by 3/1611 x 4" x 4" gusset 
plates. All frame members are spot welded. 

39. Par.2-3. Intermediate Frequency Unit. The main frame of this 
unit consists of oJ.uminum alloy angles 3/16" x 1-1/2" x 1- 1/211 secured 
by 3/16" x 5" x 5" gusset plates at the corners. The intermediate 
frrunework consists of the same size angle secured by 3/1611 x 4" x 4" 
gusset plates. 'llle front panels are of 3/16" ca.st aluminum while the 
shields are of 3/32" perforated aluminum sheet. All frame members are 
spot welded. The construction used in the modulator-rect ifier unit, 
the high frequency unit and the intermedicte frequency unit provides 
a very rugged assembly of high grnde matericls. 
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40. Par.2-3. .Master Monitor Unit. Tbiis unit is construct ed of al \)Jjii ­
num .mgles and sheets. The entire front pane] is binged at the· bottom so 
tb&t it may be opened in order t o provide access to the interior of the unit. 
/.:;;, mention ed in the INM,Hartford, l etter, thiR panel bends under the load it. 
carries when in the open position. It is believed that the thickness of 
this panel should be increased .from l /8", its present thickness, to at least 
3/1611• In the event that 3/16" sheet appears to have insufficient strength, 
stiffening members should be provided. This panel is secured in place by 
means of four "V" slott ed catches. lt is recommended that a more secure 
method of fastening be provided. It is believed that four non-removable 
thtullb screws, similar in style t o those employed on Navy Type RAB receivers 
would be more suitable, rugged and yet permit ready access. The use of the 
present f orm of securing devices, with the improvements recommended in ref­
erence (1) will be satisfactory on the other doors of this unit . 

41. Par.2-J. 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.(l) recommends that two side doors be substituted for the top door in 
order to improve access. In tbe opinion of the Laboratory these side doors 
should. be provided in addition to the top door in order to provide for 
greater accessibility under ell conditions of installation. In addition, 
it is recolllillended 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 0£ these units is impaired i.f 
they operate at temperatures in excess of 60°c, according to the infomation 
supplied by the manufacturer of these rectifiers. 

42. . Par.2-J. Station Control Units. These units are of rugged con­
struction and are contained in heavy cast aluminum housings. As recommended 
in paro8-l of refo(l) the process of making interconnections between units 
would be simplified i£ the permanent interior wiring were connected to the 
rear studs on the terminal blocks instead of on the front, thus pennitting 
the interconnecting wiring to be secured to the outside row of studs which 
are more accessible. 

43. Par. 2-J. Station Extension Units. These units a.re of construc­
tion similar 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 or the Bureau of Engineering is invited to increasing the 
depth of the door of these units sufi'iciently to accommodate a microphone 
unit and a telephone head set when the unit is closed. This would form n 
permanent stowage place for these units and thus decrease the dangers of 
breakage and loss. 

44. Par.2-4. 1n general, the workmanship employed throughout the en­
tire equipment is or excellent quality and high grade materinls have been 
used. Such items which it is believed require impr ovement or correction 
will be discussed in detail under appropriate paragraph beadings of the 
governing specifications. 

450 Po.r.2-5. The intermediate frequency unit and rect ifier modula­
tor unit were subjected to temperatures varying between the limits of 
zero degrees Centigrade and 50 degrees Centigrade without any damage to the 
equipnent, 

0 . 



46. Par.2-6. Precautions have been taken to prevent corrosion as far 
as l$ practicable in most inst5nces. Exposed metal parts have been painted 
blc.ck, such as trans.former chenncls and laminations, or have been provided 
with a 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 thnt the 
following items becwne rusty and corroded. 

Metallic parts of' Lord mountings used for 
supporting tube assembly in intermediate 
frequency unit. 

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

Worm on mast er oscillator tuning control 
in intermediate £requency unit. 

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

It was noted that the Lord momitings 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 motmtings in the intermediate fre­
quency unit. It is believed that if' the cores of the relays are coated with 
a sufficiently heavy layer or suitable po.int that the corrosion resisting 
qualities of these unit.s will be improved. The worms on the tuning controls 
should be constructed of stainless steel in order to prevent rust from fann­
ing, which in time may render the control inoperative. 

47. Par.2-7. 'Ihe 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 
monit or unit are of coated steel. 

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

{ c) The supports which bold the doors of the 
su.tion control units in a vertical position 
are constructed of steel, nickel plated, as 
well as the securing handles. 

(d) The securing handles of the station extension 
uni ts nre steel. 

It is recommended that all hinges be constructed of nickel plated brnss 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. Tbe door handles on the station control and extension units 
should be kept as strong as possible and in these instances the use of steel 
i s advisable. 

48. Par.2-8. Phenolic insulation has not bemused nt frequencies above 
2,000 kilocycles. Liberul use has been made of Micalex and Isolentite insu­
lation. Pages 11 and 12 of ref.(n) authorize the use of Stentite insulation. 
However, as ftt as can be determined by inspection the preliminary equipnent 
under test has been insulated with lsolantite, judging by its color. It was 
noted that a number of the Hic-.alex supporting strips used in the rotor as­
semblies of the antenna timing inductor, Control "H", were split. ThiB defect 
may bnve resulted from improper machining or from an inferior grade of materiul. 
Phenolic insulation has been used for insulating potentials in excess of 500 
volts doc. in the high frequency unit. The screen grid connections for the 
power amplifier and audio oscllle.tor tubes, which derive their potentials from 
taps on resistors R-15 and R-16 are. secured to the bakelite resisto~ 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 Mica­
lex, since the potentials run as high as 750 volts. 

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

50. Par. 2-10. The design of the electrical circuits &nd controls is 
liberal. All parts which are likely to CE>XTY an overload are protected by 
circuit breakers, releys, or fuses. In connection with the circuit breakers 
and overload relays, 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 breaker and combination switch rated at 10 amperes. By 
meruis of an external resistance load, 21 amperes were caused to now through 
each bl~de .of this breaker for 30 seconds without causing the breaker to 
open. This corresponds to an overload of more than 300% of normal. lt is 
recommended that a breaker which will operate on lower current be provided. 

(b) The intermediate frequency unit is provided with three overload 
relays , K- 5, K-6, and K-7. Only rel~y K-5, bias rectifi er, could be ·ad­
justed to trip at slight ly more than normal current. ApparenUy the contect 
trigger of K-7, main plete overload, was set so tight that sufficient energy 
could not be produced to trip it. 

(c) The high frequen9 unit is also provided with three overload 
relays, L7, K--8, and K-9. ibese rel ays 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 releys 
bear a legend directing . .,,the use of oil while on other relays of a similar 
nature thit- legend hns b'een blotted out. The use of oil adds a tiD!e delay 
to the operation of the relay and also tends to increase the value of current 
required to trip the reley. Instruct ion books and descriptive data should 
provide definite instructions 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 relays in the rect liier unit can be 
adjusted to operate satisfactorily. 

(e) No overload protection is provided for the tubes in the moduln­
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 t ubes against any serious over­
load. 

5lo Pa.r. 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 remain closed for more 
than .five seconds. 

52. Par.2- 12. No access doors on the modulator recti.fier unit, the 
intermediate frequency unit or the high frequency llllit can be opened with­
out removing power from the equipment. 'lb.is is accOlllplished by means of 
suitable door interlocks, adequately insulated. 'lb.e door interlocks .ft.mc­
tion smoothly and are proof against vibration and shock. '!be speech input 
equipnent is not provided with door interlocks since they are unnecessary 
in these locations due to the low voltages involved. 

53. Par. 2-13. The eguiixnent is provided with perforated shielding 
in order to provide ventilation. This appe~s to be adequate in most 
cases. However, in the interest of safety- it is recommended that the fol­
lowing chenges · be made: 

(a) That the top shield above the 38149 modulator tubes in the 
modulator rectifier unit be perforated to provide additional ventilation 
as suggested in par.11-4 of ref.(l) . 

(b) That additional. perforations be supplied in the top shield of 
the telephone power unit direcUy above the Rectox rectifier units as recom­
mended in par.a, of this report. 

54. Par. 2-15. 'Xriis paragraph requires that the equipnent must be 
capable 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 NBL Report 
Mo. R-1087 covering Model TBK equipment for two hour locked key tests on. 
C\'i 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 IICW. Table 1, 
appended he·reto, lists the results of a test conduoted rl th the tele}ilone 
equipnent at 100% modulation (negative peaks). 'lhe highfrequency unit was 
operated at 2, 000 kilocycles and the modulating i'requency of 400 cycles 
was introduced into the master monitor unit. No signs of overheating were 
detected at the conclusion of the teat. 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 
modulation 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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lative result of a number of locked key tests. Investigation revealed thut 
the inside terminal of the choke was connected to the r.f. side of the cir­
cuit. 'lhese connections were reversed and no further t rouble was experienced , 
n,e charred choke was replaced by a representative of the manufacturer and 
no further difficulty was experienced from this source. 

(b) Intermediate .Frequency Unit . !able J shows the date collect ed 
during a two hour locked key test wherein the intermedi&te frequency unit 
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 transf ormer in thie circuit exuded wax. 'nle temperature of 
this trEJ1sformer bad 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 unsatisfactory and the manufacturer should be required 
to correct it. As will be noted from Table 2, the audio transformer in th.e 
high frequency unit did not overheat during a similar two hour run. Tabl e 4 
lists a two hour test conducted at .JOO kilocycles, CW. No overhetiti ng oc-

. curred during th.is test. Table 5 lists a two hour test conducted at 500 
kilocycles, CW. During the first attempt to conduct this test the sz:icllest 
coil of the three coll 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 coll 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 coils although it con­
tirrned to function. The manufacturer then replaced the entire choke coil 
with a new assembly and this coil performed satisfactorily on locked key 
operntion. However, during temperature tes t s of the intermediate frequency 
unit at, frequencies of 500, 1, 000, and 2 1 000 kilocycles, Vfhen 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 discolor ed due to the heat. It may prove necessary to 
provide two chokes in the P.A. circuit, one for the lower frequenci~s snd 
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 sati5:factorily. As noted on Table 5 an examination of the 
charred coil indicated that the insulation of the wire may have been 
damaged 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 overheatlng occurr ed during this test. 

(c) Both the high frequency and intermediate frequency uni ts were 
subjected to a keying test at 100 words per minute and no signs of brush 
discharge, corona, or arcing were noted. 

(d) Modulator Recti f ier Unit. Tb.is unit withstood the numerous 
two hour locked key t ests, both CW and phone, without revealing any signs 
of overheati ng. 

(e) The Master Monitor unit, telephone power wilt s.nd associnted 
equipnent withstood two hour tests without two hour t ests without any 
damage resulting. 
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55. Par.2-16. See par./..,1 of NRL Report No. R-1087 for perfomance of 
high frequency unit when subjected to the anten.'la 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, ],()00, and 500 
kilocycles. Although in some cases the power amplifier tube showed consider­
able plate te1?1perature, no drun.age was incurred. 

56. Par.2-17. The vacuum tubes incorporated in the equipnent operate 
within the linlts laid down in Navy Tube Specifications. 

57. Par.2- 19. This paragraph states "The design must fulfill the de­
mand that the equipnent operate successfully· ana without damage on a movine 
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 
Resen.rch 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 
turntable so that the equipment mey 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 vibration of 
various amplitudes and f'requencies. 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 or the modulator rectif'ier unit 
and the intermediate frequency unit mounted on the 
test stand, with the movable platform of the stand 
in a horizontal position. 

(b) Pl.ate 25 is a view of the modulator rectifier unit 
and the intermediate frequency unit, with the plat­
fonn inclined 45° to the left. 

(c) Plate 26 is a view of the modulator rectifier unit 
and the intermediate frequency unit, with tho 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 unit and one station extension unit mounted 
on the test stand with the platfom in a horizontal 
position. The modulator recti.fier unit is visible 
to the right of the test stand. 

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

(r) Plate 29 is a view of the high frequency unit and 
associnted tel ephone equipment inclined at an angle 
of 45° to the right. 
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57-A. It will be noted t hat in all ccses the heavy units of equipment· 
n~~ely, the rect ifier modulator, the intermediate frequency and the hieh ' 
frequency unit were supported by guy rods secured t o 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 meuns 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 equipnent, no additional supports being pro1-•ided. 
The intermediate frequency unit was t uned up to full power at a frequency 
of 1,000 kilocycles and was operated into a regular outdoor antenna. 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 nnd 
voice. A low resistance lamp load was substituted for the antenna. 

57-B. The equipnent was subjected to the 45° roll for a period suf­
ficiently long to observe frequency effects, operation, and quality of the 
emitted signal. It should be · stated that the test stand operates at a 
~peed of approximat ely five cycles per minute. The following results were 
noted: 

(a) Intermediate i'requency unit and rectifier modulator unit. 
· -No l!lechonical 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 kilocycle~) corresponding 
to the period of oscillation of the test st.end. 

(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 em:ttted signal was notice­
able for n second or so just as the test stand completed the roll to the 
left. Tbis disturbance was of such a minor nature as to be practically 
negligible. 

(c) High frequency unit - Phone operation. 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 attl'ibuted to the 
rolling of the equipnent. Tho voice retained the same quality as emitted 
with the equipnent at rest in the horizontal position. 

58. Par.2-20. Tbe test stand sho-nn in Plates 24 to 29 inclusive is 
so arranged that the equipnent mounted upon it may be subjected to vibra­
tion of various periods and amplitudes. Plates 26 and 29, which gi•re a 
pnrtial view of the underside of the stand show the variable speed motor, 
pulley and belt arrangement and the eccentrically weighted i'ly wheel by 
means of which the vibrations are produced and regulated. 

(a) Intermediate frequency and Tectifier modulator unit. The inter­
mediate frequency unit was operated at a frequency of 1,000 kilocycles, full 
power output. The equipment was subjected to vibrations 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 equipnent such as the 
flexibly mounted tube racks, keying relay, etc., was found and this period 
was maintained for several minutes in order to determine whether injury or 
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breakage would result. The test showed that lo~ frequency vibrations or very 
considerable amplitude had no noticeable effect upon the emitted sie;nal 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 was 
the signal inUuenced sufficiently to interfere with solid copy. No physical 
damage resulted from this vibration test. 

(b) High frequency unit - CW operation. '.Ihe test was conducted in a 
manner similar to that described under sub-paragraph (a) above. 'l'he 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 equipnent was 
operated at a frequency of 2,000 kilocycles. During the vibration tests of 
the voice modulated equipnent 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 or 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 oi.' the telephone power unit revealed 
that a one 3!!1pere :fuse in the primary of the plate transformer which pro­
vides the plate potential for the 38056 line amplifier tubes in the master 
monitor unit had become open circuited. Investigation showed that this fuse 
had not burned out but that the small fuse wire had vibrated loose, thus 
mo.king intermittent contact and developing the high noise level noted during 
this portion or the test. When the dei'ective 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 al.1 units in the equipment are in first cl.ass 
operating condition. No breakage of wires took place and no loose connec­
tions1 other than that noted above in connection with the fuse, were observed. 
In this connection it should be pointed out that the microphone used :for 
energizing the voice equipment wa.s locat ed in a. sheltered booth about 75 feet 
distant from the transmitt er 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 unit, high fre­
quency unit and rectifier modulator unit have been cushioned against the 
effects of vibration and shock through the medium of flexible mountings. 
The key relS¥ in the intermediate frequency unit has also been cushioned by 
mecns of "Lord" mountings. (See par.45 of NRL Report No. R-108? for further 
details relative to Uexible mountings in the high frequency 1.mi t . ) 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, intermediute frequency unit, and the rectifier modulator 
unit are considered to be the simpl est possible within the requirements of 
the governing specifications. It is believed that some simplification of the 
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control s of the speech input equipment may be realized and a discussion of 
t hese factors will be found under appropriate headings when di0 cussing 
section III-A of the governing specifications. 

61. Par • .2-23. All necessary controls and indicating devices are 
located on the front panel s of the equipment and are suitubly marked for 
identification and operation. It is recommended, however, that the modu­
lator volume control R- 1.21 l ocated on the front panel of the modulator 
rectifier unit be provided with a dial and pointer, in order that this con­
trol can be reset to a predetermined point. Cert ain changes in the markings 
and controls of the speech input equipnent are offered for consideration in 
the interests of greater simplicity and these will be discussed under 
SecUon Ill-A of Specifications RE 13A 497A. 

62. Par.2-.24. All control shafts and bushings have been grotmded 
or insulated for the protection,~f per sonnel. 

63. Par.2-25. All electrical indicating instruments used in the equip­
men t are of the 3. 5 inch diameter, , flush type, with bakeli te case. Volt­
meters employing external multipliers have a sensitivity of l,000 ohms per 
volt. The instrU!llents 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 Sect ion Ill-A of' the specii'ications. ) 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 
fo:nuation of the wiring. 

64. Par. 2-26. Appropriate nameplates have been a:ffixed to all major 
units. 

65. Pa.r.2-.30. The controls of the Model TBN-2 equipment COl!lply with 
this requirement of the specifications in that the values of settings in­
crease numerically or alphabetically 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 amplifi er tube will be 
improved if the flexible lead connecting between the key relay K-1 in the 
intermediate frequency unit and the antenna ttming inductance is raised 
nn inch or two to pr event i t from becoming gro1.mded. 

67. Par. 2-32. The \?eights of the various uni ts comprising the 
Model TBN-2 equipment are listed in Table 8. The specifications allow 
a total weight of 3350 poi.mds for Class 2345-A equipment, exclusive of the 
speech input equipment. The weight of these units as sul::mitted is 2820 
pounds. The specifications state that the total weight for the speech 
input equipment for a f our-channel system shall not exceed 400 pounds. 
Reference to Table 8 reveals that t he total weight of the master monitor 
unit, telephone power unit, five station control units and 16 station ex­
t ension units is 835.5 pounds. Bureau of Supplies and Accounts letter 
NOs-38614(SPM) of 5 March 1935 to Contractor author ized an increase in 
weight of 4 7 5 pounds. -
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68. Par. 2-33. Any single unit of the TBN-2 equipment is capable of 
p.:i~sing through a door 26" wide by 66" high and through a b.ntch 60" long 
b1 JO" wide. 

69. Par.2-34. The equiplllent operated satls!'actorily when subj ected 
to the power supply variations listed in par.6-J of the specil'ications. 

· 70. Par.2-35. All resi s t or mountings were not marked ,vith Navy Type 
Number designation nor wi th the value of resistance. However, since the 
equipment under test is a preliminary model, the manufacturer was tmdoubtedly 
awaiting formal approval before applying these markings. All items are marked 
with the symbols by which the i t em is i dentified in the wiring dia.grrun, with 
the exception of the tube socket of the 38ll0 tube in the modulator rect i ­
fier unit. It i s r ecommended that this socket be clearly marked to indi cat e 
the type of tube . 

71. Par • .2-36. '!he 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 i s possible to maintain filament potentials et the 
normal value when the line voltage supply varies :t 5%. 

73. Par.2- 38. Lifting devices have been installed i n ench of the four 
top corners of the heavy units in order to facilitate hoisting and lowering 
of the equipment. The manufacturer subnitt ed a sample lifting device which 
he intends to utilize in the production equipment. This sample device is 
exceedingly rugged and well desi gned and i t is recoll!IIlended that this method 
of construction be approved for the product ion models. Nameplates have been 
secured to the s i de shields near the top t o indicate the position of the 
lift ing devices. 

74. Pnr. 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 nnt black coating. The 
naster monitor unit and the telephone power unit are finished rith black 
winkle finish while the station control units and station extension units 
are painted with bc.ttleshi.p gray. 

75. Par.3-l. The design and const ruction of the equipment is such 
t hat t,vo transmi t ter uni ts are supplied, one for intermediate f'requency 
operation and the other f or hieh frequency operation. Each unit consists 
of a single mechanical assembly of the dimensions listed in Table 9. 

76. Par. 3-J. The equipnent is so constructed that either trans::iitter 
unit mny be operated from a common power supply, although both transmitters 
cannot be oper ated simultaneously. This transfer of power is accomplished 
through the medium of a single four position switch located in the modula­
tor rectif ier unit. The positions on t his switch are marked as follows: 
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Pas. No. 1 - HF Trans. CW - 1.1CW 
Pas. No. 2 - HF Trans. Phone 
Pos. No . 3 - Rectifier Test 
Pos. No . 4 - Intermediate Freq. Trans. 

'Thus it will be seen that an additional position was incorporated into thin 
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. unit than those r equired for CW operation. 

770 Pars.3-4 to 3-9 inclusive. The equipnent as supplied meets the 
general requirements of these paragraphs of the specifications. 

78. Par. J-10. The emitted signals produced by both the intermediate 
frequency and hi gh frequency units are free from lilt and undesirable modu­
lations. The harmonics and key clicks present ure of about the same magni­
t ude as not ed in other equipnents of similar design and power. That key 
clicks of very consi derable amplitude or intensity are produced by conven­
tional methods of ke-Jing is a well known f'act and a method of elioinating 
this for;n of interference was reported to the Bureau in lffiL Report No. R-1135 
of 13 March 1935. The anti- click keying unit described in this report nas 
used in connection with the intermediate and high frequency units of the 
Model ral-2 equipnent and the results obtained are illustrated in Plate 38 
appended hereto. It is a simple matter to adapt the anti- click keying unit 
to either t ransmitter since only a few interconnections are required. When 
the anti-click unit is enployed the interference caused by keying operations 
in nearby receivers virtually disappears. Fig.l in Plate 38 is an oscil­
logrrun of a keyed character {a single dot) as produced by the normal. method 
o:f keying in the int ermediate frequency u.>iit. 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 t uning as 
Fig.2o It will be noted the.t the key cl:ick 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 shows 
the degree of interference diminution obtained with the keying unit. The 
keying tests i l lustrated were made at a speed of 100 words per minute but 
sioilar results are obtained at speeds lower than this. These tests indi­
cate that a very decided improvement res1tl ts when t he anti-click method of 
keying is empl oyed. 

79. Par.3-11. Neutralization has been employed in the Model TBN- 2 
equipment to the ext ent necessarJ to insure satisfactory operation. 

80. Par. 3-12. Both the intermediate frequency and high frequency 
transmitter units have front panel cont rols by means of mu.ch the fre­
quency is continuously variable \rl.thin the limits specified. 

81. Par.3-14, 3-15, 3-16. The frequency ronge of both units is 
divided into several bonds by means of range selector switches. 



(a) Intermediate .Frequency Unit. Table 10 lists the controls pro-
'>v.idcd on the .front panel ot: the intermediate frequency unit, together wi.th 
the control designations. ~here required, the c~ntrols are t:itted with 
interlockc to reI!love power from the equi?ment wh~le these controls are be­
ine changed. Table 11 lists the control desienations as supplied with the 
1ntel"!llediate frequency unit together with a li::it where:L>i certain changes 
are suggested in order to make the sequence of letters agree more nearly 
•ith the order in which the controls would be adjusted. It is recanmended 

· that the marking of the controls be changed to conform with this latter 
list. T:he d~als of the ant enna tuning inductance controls are colored 
black and red. When the control is set on the bl ack it indicates that the 
Litz coils are in the antenna circuit, while the red bdicates that the 
solid wire tuning inductors a.re being utilized. The Litz coil3 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 ".F" 
(Coarse) is not provided with n stop on the lower end. Therefore, i f thi::l 
switch is throi'IIl to the extreme left position the interlock remains open 
and the set is inoperctivc. A stop should be provided to overcome this 
defect. 

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

82. Pa.r.3-17. A calibration card, tmder a transp~rent non-bresk~bJe, 
waterproof shield is mounted on the front panel of both the intermedi~te 
nnd high frequency units. On the intermedillte frequency unit provision has 
been made for 12 frequencies, while· on the hie;h frequency unit provision hac 
beC'-n 1:1ade for 10 frequencies. This lo.tter discrepancy is undoubtedly due to 
the fact that the high frequency unit wus originally constructed under 
Speeifications RE 13A 442D which required the coJ.ibration card to accommodate 
only 10 frequencies. L~ order to cake provision for 12 frequencies it will 
be necessary to increase the siz-e of the ce.libration card holder. 

83. Par.3-18. It . is possible to shift f rom one frequency to any other 
frequency, or from one type of emission to another, without readjusting t he 
voltages. Such voltage variations o.s are necessary are ta.ken care of auto­
me.tically 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: 

Step 1 - Plate potential is removed fron power snplifier. 
Step 2 - Plate potentiel is reduced on power amplifier . 
Step 3 - full operating potentials are ~.pplied to all tubes. 

As these switches are operuted the o.ctual voltc.ge present on the power anpli­
fier tube is indicated by the plate voltmeters on the panels of the trr..ns­
mitter tlllits. Table 13 lists the frequency changes resulting f rom the oper~­
t.i.on of the Tune-Operate switch when the intemediate frequency unit vms ad­
justed to various output frequencies within the ro.nge of the trsnsr,iitter. 
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1n the opin~on oi' the Laboratory.the ~ction of' the_intermedic.te frequency 
unit is sat:i.sfa~tory :from thi::; :'1.e~1nt. ~ action oi' t~e tune opcrc.t e 
switch of the high frequency un1 t will be discuss ed l M.er 1.n thi6 repoi·t 
~der the heading of par.3-7-4 of Specifictitions RE 13A 442D. 

85. Par.,3-.20. A suitable three position test key has been provided 
on both transmitter uni ts to corn ply with the requirement s of this parn­
graph. Th~ .five second ~rop out relay is ir.operative v.hen the local test 
key iE in the closed position. 

86. Pnr. 3-21. The verniers supplied with this equip:ient comply with 
the requirements of positive gearing. 

87. Par.3-22. Both tranSl!litter units have been provided with suitable 
,, friction type. locking devices on all continuously varicble controls. These 
. locks operate in such a manner that they have little or no e:ffect upon the 
·frequency and are designed so that they do not interfere with tuning opera-

· .. tions. 

88.. Par.,3-23. It is possible to adjust either the intermediate fre­
quency unit or the high frequency tmit for proper operat ion in one man 
minute viithin the limits of accuro.cy specified. The equipnent is not pro­
vided· with o.djustable positioning devices and in the opinion of the Lc.boru­
toz-,; there is no need for such devices. 

89. Par.3-24. The Contra.ct Note,. which forms pfil"t of the governing 
specifications under which this equipnent was constructed, provides that 
the intermediate frequency unit comply with par.3- ~4 of RE 13A 497A ;;ith 
respect to frequency stability requirements while the high frequency unit. 
shell comply with par • .3-7 of Specifications RE 13A 442D. Furthermore, as 
stated in pa.r.33 of this report, only such tests were conducted with the 
high frequency unit on GW operation to insure that the equipment hnd under­
gone no marked changes since the time of its original test a.s pc.rt of the 
Model TBK equipment. 

90. Par.J-24-2. Intermediate Frequency.Unit. 'Ihe reset accuracy 
of this unit was tested at 500, 1,000, end 2,000 kilocycles and the result:=; 
of these tests are listed in Table 14. It is possible to reset cll the 
controls necessary for shifting frequency within one man minute. The maxi­
mum frequency change noted during these tests was 160 cycles when operating 
nt 2,000 kilocycles. Table 15 lists the results of tests·conducted to 
determine the degree or backlash present in the master oscillator control . 
The results of these tests are considered satisfactory, eince most of the 
frequency error resulting from backlash may be avoided by always approach­
ing a given setting from the ~rune direction. 

91. Par.3-24-3- Tests were conducted to determine the effect of 
vnri~tion of temper~ture upon the emitted frequency of the intermediete 
freqt.ency unit. 

(a) Tables 16 and 17 and Plates 30 and 31 show the rc~ults of tests 
conducted at 500 kilocycles wherein the temperuture was vcried between the 
limits of zero and 50° c; Tables 18 and 19 and Plates 32 and 33 show simi­
lar information at 1,000 kilocycles while Tables 20 and 21 anr'l Plotes 3/t 
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and 35 cover similar test at 2000 kilocycles. Table 22 contains a summary of 
the results obtD.ined during nl.l or the tempernture · tests of the intermediate 
frequency . unit. 

(b) As these tests progressed it was noted that there appeared to be 
a distinct relation ~etween the percentage of relative humidity and 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 alI:Jost 
instr.nUy. Similar effects, although of a less pronounced degree will bP 
noted on Plcte 32 and 34. As a result of these observations it was d~cided 
to conduct a test wherefo the temperature was held constant and the hllI:lidity 
Tias vo.ried through wide limits. The results of this test will be discussed 
below. 

(c) Another phenomenon was noted during the course of these tempern­
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 tempcrnture of either zero or 50°. After 
the test the doors of the test room were opened, the heating and refrigerating 
equipnent shut down and the temperature in the test room permitted to seek 
the normal level. Ylhen the cold room was permitted to drift back up to 
normal temperature there was a decided tendency for water to condense upon 
the equlpnent under test. At the end of the 1,000 kilocycle test at zero 
degrees, particularly, the high humidity prevailing ca.used the entire equip­
ment to become saturated so that the transmitter and rectifier tmit were 
literally dripping water and it was necessary to rtm the test room nt 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 equipnent being satu­
rated to some degree made it difficult to obtain absolute frequency equilib­
rium in an hour. Thus, it is believed tbat 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 appre­
cieble amounts of moisture. 

(d) Plate 36 illustrates the results of a test conducted with the 
intermediate frequency unit at 2,000 kilocycles to determine the effect of 
humidity. The temperature was held substantially constent at 35°c end the 
percentage of relative hunidity 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 appreciable l~g as is the case in temperature 
changes. In fact, the results of these tests indicate that undoubtedly some 



of the f r equency shif t s attributed to temperatur e are probably due to chnnges 
i n humidit y. The Biilount of water vapor in the atmosphere varies greatJ.y with 
temperature and if no effort is mude to control this fector it will influence 
the frequency. It may further be noted that the muster oscillator circuit 
of the int ermediate f requency unit contains no variable air condensers, the 
ci rcuit being tuned by means of a va.riometer. Hence it apperu-s that the 
presence of water vnpor tends to increase the inductance of the ci rcuit, or 
nffects the resistance .in such a manner as to cause a decrease in frequency, 
or both. 

(e ) Plate 37 illustrates the results of a test conducted with the 
high frequency unit, at 2000 kilocycles, to determine the effect of humidity. 
The temper nture was held constant at approximetely 35° C and the per centage 
of relat i ve humidity was varied between the limits of approximatel y 20% and 
100%. The resulting curve possesses the srune ch£:.racteristics as the curve 
sho\"ll'l in Plate 36 covering the int er medi ate frequency unit. However, the 
change i n frequency is decidedly l ess in the case of the high frequency unit. 
Whereas the intermediate frequency t ransmitter changed approximately 800 
cycles the high frequency uni t changed only 40 cycles for the same range 
of relat i ve humidity. Stated in percentege values, the intemedie.te fre­
quency transmitter changed 0. 04% while the high frequency t r ansmitter changed 
0.002%. Thus it will be seen that the use of a. tenperature cont rolled master 

· oscill ator aids greatly in minimizing the effects of humidity . I t may also be 
possibl e that the electron coupled oscilla tor employed in the high .frequency 
unit plays some part in this mat ter. 

(f ) During the humidity tests the speech equipnent, including the 
modulator unit, master m~nitor unit, telephone power unit, station control 
unit, and station extension unit, were also subj ect ed to t he ro.nge of hUI:1id­
ities \m,Countered; namely 20% to 100% at 35°C (95 F.). 'Ihe speech equip­
ment wns checked at short intervals t'rom the various control points and it 
was found that the equipment .functioned norme.l.ly without any evidence of 
breakdown. Thus it appears that the entire TBN-2 equipnent is capable of 
continuous operation when subjected to conditions of high humidity. 

92. Pnr.3-24-4- Intermediate Frequency Unit . Variat ion of supply line 
voltages. The supply l ine voltage was varied between the limits of 418 and 
462 volt s ; i. e .+ 5% of 440 volts. Table 23 shows the results of tests con­
ducted at 500, 1;000, and 2,000 kilocycles. The mrudmum frequency change 
encountered was 90 cycles at 2, 000 kilocycles for a 1% per minute change,­
while a r apid chMge i n voltage resulted inn frequency change of 20 cycles 
at 2,000 kilac.rcles . 

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 antenna constnnts. The maximum frequency change encounter ed 
vm.s 17 cycles at 1,000 kilocycles . This te.ble also lists the frequency 
chonges r esulting from detuning the power amplifier circuit. 

94. Pc.r.3-24-6. I ntermediate Frequency Unit. Control of Power Out put. 
Tnble 25 lists the results of tests conducted wherein the power output of 
the transmitter was varied by menns of the rectifier tap switch. '!he maxi-



mun frequency change noted 6.t 500 kilocycl es was 93 cycles; at 1000 kilo­
cvcles, 84 cycles; and at 2,000 kilocycles, 100 cycles. It should be noted 
that the power actually varied between the npproximat e limits of 117% end 
n%. 

95. Par.3-2.,4-7. Intermediate Frequency Unit. Change ot: Vacuum Tubes. 
Table 26 lists the r esults of tests conduct ed to determine the chnnge in 
frequency result ing from changing tubes in the master oscillator and power 
amplifier circuits. These tests were conducted at 500, 1,000, and 2,000 
kilocycles and i t will be noted that the largest variation was 171 cycles 
for the master circuit a t 1 , 000 ki locycles and 164 cycles for the power 
ampli fier at 2,000 kilocycles. 

96. Par.3-.24. SUmmary. Intermediate· .Frequency Uni t. A summary of 
the results of the tests conducted under the terms of par. 3- 24 is sho,m in 
Table Z7. It will be noted that at 1,000 and 2,000 kilocycles, the t:re­
quency varintions caused by the sevoral factors exceed the specification 
requirements. In this connection, however, it should be observed that the 
values used for changes in runbient temperature are those which, as pointed 
out in par.91 of this report, appeared to be abnormal due to the presence 
of large amounts of moisture. 1£ more normal values are inserted in 
Table n, such as approximately 90 cycles change at 1000 kilocycles and 
1"25 cycles at 2,000 kilocycles, the equipnent complies with the specifica­
t ion requirements. Since the conditions which caused the lerge frequency 
changes listed in Tables 18 and 20 are the results of abnormal conditions 
which are not likely to be met with in nature, it is the opinion of the 
Laboratory that these abnormal figures should be excluded. I£ this is per­
mitted the equipnent coraplies with the specification requirements as listed 
in pe.r.J-24 of the governing specifications. 

97. Par.3-7 of Specifications RE 13A 442D. Tables 28, 29, 30, 31, and 
32 show the results of tests conducted with t he high frequency unit.(For 
complete details see NRL Report N.o. R-1087 on TBK equip:1ent.) The results 
of the frequency stability tests showed that the equipoent complies with 
the requirements of the governing specificat ions. Attention is invited 
to the f act , however, that upon receipt of t he equipnent,test s conducted 
in conformity with pars.3-7-5 and 3-7-6 of Specifications RE 13A 442D gave 
results infer ior to those obtained when this equip:ient was tested as a 
part of the Model TBK equipnent, although they still confomed with the 
specifications • .An effort was made to determine the reason for this di­
vergence of results and inspection finally revealed that the leads libich 
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 mo1.mted master oscl:lator compartment. 
l..f'ter this circuit had been re-established the results obtained were some­
what better thnn the originnl :results but not as good as the results ob­
tained with the TBK equipment. The ndjustment of the compensating con­
denser was changed in an effort to improve operation and some improvement 
resulted when the condenser was set at maY.imum. The indicntions were that 
a larger condenser would improve the result s. The smallest frequency change 
noted ?/hen tested in accordance with par.J-7-5 (file.ment not lighted) was 
125 cycles, while the lar gest change noted in the TBK tests under similar 
conditions was 47 cycles at 4500 kilocycles. It is recoi:unended th~t the 



attention of the manufacturer be called to the results of these tests in 
order that he may investigate the cause for this discr epancy and correct 
same. The metallic strip by means of Vlhich the master oscillator compurt­
r.ient i s gr ounded to the frame of the transmi tter i s o:f such an in:flexible 
nature that it interf eres with the free movement o:f this unit. It is 
r ecommended that a more flexible grotmcling strip be provided. 

98. Par. 3-25. Both the intermediate and high frequency units are 
equipped t o work break-in and tests show that this feature operates satis­
factorily. No signnl is emitted when the key is open. 

99. Par.J-26. I t. is possible to vary the power output of both the 
intermediate and high frequency units f rom the maximum value specified to 
8 minimum value of less than 25%. See Table 25 appended hereto for details 
of this t est on the int ermediate frequency l.Uli t nnd Table 41 for t est of 
the high frequency tmit . The power output of both ·units is varied through 
the medium of a seven point tap swit ch located on the modulator rectif i er 
unit. 

100. Par. 3- 27. Suitable indicator lights have been provided on the 
panel of the various llllit~ in conformity with this paragraph of the speci­
fications and in accordance ·with par.3-26 of Specifi cations RE 13A /442D 
for the hi gh frequency unit. 'l'ab1e 33 appended her eto l ists the number, 
color, and purpose of the wrious lights provided. 'lhe lamps can be r e­
placed with ease and are satisfactory in the presence of severe vibration 
and shock. · 

101. Par.3-28. Toe electrical indicating instruments supplied with 
the Model TBN- 2 equipnent comply with this paragraph of the specifications. 
Table 34 appended hereto lists all the instruments supplied on the panels 
of the modulator recti.fier unit, the intermedie.te frequency unit and the 
high frequency unit. 

102. Par.3-29. Both the intermedinte frequency and high frequency 
units nre equipped with filament life meters of the self startine type , 
with dials which are capable of recording 10,000 hours. 

103. Par. 3-30. The intermediate nnd high frequency units are complete­
ly shielded both externally and internally. The r . f . connectiorul nre me.de 
with ni ckel 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 damage is likely to occur to the lead sheath. 'l'ne wiring 
reflects excellent workmanship, has been carefully laid out and good 
quality material has been used. 

104. t>ar. 3-31. All electrical indicating instruments, wit h 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 radio frequency fields by being by-passed with 0. 006 mfd 
capacitors Type 4-A Dubilier, rated at 1,000 volts. 
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105. Par.3-32. All filament transformer primaries are designed for 
use on either llO or 220 vol-ts. As furnished, the primaries a.re operating 
ut 220 volts. No overheating of these transformer s wns detected during key 
locked operation. 

106. Par.J-33. All transformers are equipped with suitable terminal 
boards nnd the terminal posts are marked to indicate their function. 

107. Par.3-34. No undue variation of filament voltage occurs when 
the transmitter is keyed. Tests showed that under full power keying loads 
the filament potential vari ed approximately 1 . 0 %. 

108. Par.3-35. The equip:ient is so constructed that: 

(a) Modulator rectifi~r, intermediate frequency and high 
.frequenc,J units me_y be installed with the back flush 
against a bulkhead. 

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

(c) All terminal connections may be effected at acce~sible 
teI'!llinal panels located nenr the ·oo·ttom of the units 
and protected behind interlocked hinged access doors. 
The terminal paneJ.s in the modulator rectifier and 
high frequency units are 7 inclles above the deck 
while that in the intermedillte·rrequency unit is 
6-1/2 inches above the deck ·level. 

(d) The renewal of tubes can readily be accompliahed 
through acces s doors in the front panels. !13 
noted previously in pnr.66 of this report, a slight 
modification of the wiring should be made in the 
intermediate frequency unit to permit the ready 
removal of tho power amplif ier t ube. In addition, 
the auaio oscillator tube in the high frequency 
unit should be coved slightly forward to incr ease 
clearance, as suggested in par.10-6, page 12 of 
ref. (1) . 

(e) The keying relay in the int ermediat e frequency 
unit is accessible .from the front through the 
t ube access door. The keying relay of the hi gh 
frequency uni t proj ects through the top f ront 
panel and is protected by a metal cover provided 
with a glass vision opening. 

(r) Antenna connections are made through cir cular 
openings in the top shields to rugged, insulated 
terminals within the transmitt er units . 
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109. Pars. 3-36~ 3-37, and 3-.38. The side and rear shieldine of the 
rectifier modulator, intermodiate frequency and high frequency units c.r e 
<:ccu:-ecl by :means of non-removable 1".rmrled her.d screws. Slotted holes in 
tho shields permit ready removal of the shields when the knurled hend 
s~rcws nre backed off. The only access doors are on the .front panel of 
the various units and .t r..ey are of the hinged type secured by means of rug­
ged, insulated knobs or lat ches. All large doors ure provided with two 
latches and the hinges are o.f the full length pinno type. ill doors are 
provided with stops to prevent L~jury to the_hinges. 

110. Par._3-39. The design of the intermediate frequency transmitte .. 
unit complies with the requirements of this p~agraph of the specifications. 

ill. Par.3-40. Tables 35 and 36, appended hereto, show the results 
of test conducted to determine the power output of the intermediate frequen­
cy unit transmi·tter when operating int o antennas of the coostants indicated. 
It will be ·noted that in all cases tJie equipment cQll!plles with the require­
ments of the specifications and the values guaranteed by the manu.facturer 
in ref.(e), with the exception of the operation obtained at 300 and 500 
kilocycles. On these two frequencies the_ required value of 700 watts out­
put could not be obtained in low resistance low capacity antenna·s. A slight 
incr~ase in antenna resistance s.nd capacit7 permits the required output to 
be obtained. At the higher frequencies the output obtained exceeds the 
specified values by as much as 50%. 

112. Par • .3-41 . Table .37,appended hereto, covers the results of t ests 
conducted to determine the operation of the intermediate frequency unit on 
Mer.. It will be noted that in all respects the equipment complies with 
the requirements of the speci.ficatlons, 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 audio 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 MCW 
feature of the high frequency unit. The operati on of this unit complies 
with the specifications and no signs of overheating or defective operat ion 
were noted. 

11_3. Par._3-42 . The results of' the frequency stability tests con­
ducted in accordance with the requirements of pnr.3~24 of Specificationo 
RE 13A 497A are summarized in Table 27 ·ana details of the tests are di::i­
cussed in pars. 90, ~l, 92, 93, 94, 95, and 96 of this report. 

114. Par. 3-1.J. The design of the transmitter units is such that al 1 
tubes cease to oscillate \'men the key is up and satisfactory keying is ob­
taL~ed at any r ate up to ioo words per rni.~ute. (See Plates 20 to 23 i..~­
clusive for oscillographic keying records at vnriou$ speeds . 

115. Par.J-44. Verniers have been provided on all tuning controls, 
except step by step control s, by means of positive gearing. This po.ra­
grr.ph requires that in the master oscillator circuit the vernier shtll be 
of such a ratio as to provide for a variation of the resonant frequen~J 
per division of marking of not more than 0.025 nor less than 0.01 of 1% 
of a.')y frequency to which t he circuit is tuned. Examination of Table 38 
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reveals the fact that at no place in the frequency r ange is the figure of 
o.025% exceeded. However, in several places in the range the variation 
per division of marking is less than 0.01%. It is pointed out, however , 
thnt the arrangement provided permits of a smooth vnriation of frequency; 
t hat the variation of frequency can be made rapidly so that the entire 
transmitter may be adjusted to a predetermined frequency in less than 
one man minute and that the smaller change in frequency per division of 
mc.rking in nowise interferes with the operation of the equipment. It is 
recommended that the variation provided be considered as enti rely satis­
factory. The width of the smallest division of marking is 0. 08". 

116. Pnr .3- 45- The Contract Note deletes this paragraph and sub­
stitutes ther efor paragraph 3-1 of Specifications RE 13A 442D with ·the 
additional. proviso that the equipnent incorporate one Type 3816o tube in 
a. suite.ble audio oscillator s t age. 'lbe high frequency unit as suh:nitted 
complies with this amended specification. 

117. Pa.r.J-46. For complete power output details see Tables 4 and 
5 in NRL Report No. R-1087 covering Model TBK equipnent • . Additional power 
output tests were conducted to instn'e that any changes made in the high 
frequen~✓ unit had not adversely ai'fect ed 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. 
Suitnble provision has been made to permit voltage or current .feed of' 
antennas. 

118. Par.J- 47. Par.3-14 of Specifications RE 13A 442D was substi­
tuted for thi s paragraph. 'l'he 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 . J-48, 3-49, 3-50, 3- 51, and 3-52 were del eted by the con­
tract note due to the substitution ·or the electron coupled oscillator for 
the crystal cont rol oscillator circuit. 

120. Pars. 3-53 and 3-54. (Par.J-8 of Spec~fications RE lJA 442D 
was substituted for par.3-53.) The high frequency unit eomplies with the 
a.,iended specifications. 

121. Pnrs. 3-55 7 3-56, end 3-57 are deleted by the Contract tlote. 

122. Par.3-58. 
for this paragraph. 

Par.J-7 and 3-19 of RE 13A 442D were substituted 
See NRL Report No. R-1087 for data. 

123. Pars. 3-59 and 3- 60. Pa.rs. 3-17 and 3-12 of Specifications 
RE lJA 442D were substituted for these paragraphs. See NRL Report No. 
R-1087 for compl ete details. 

124. Par. J- 61 . Tests conducted showed thnt none of the rotating 
tlac!-,inery used in the construction of the Model TBN-2 equipment created 
interference in nearby receivers. 
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cuits. This is accomplished through the medi.nn of "T" type att~nuator8 and 
level indicators, each transmi tter and r eceiver ch&..~nel ceing supplied with 
its own individual attenuator and l evel i ndi CRtor. Thifl equipment is lo­
cated in the master monitor unit. The attenuator s h~ve a range of 22 db 
and are var iable in 11 stepf: of approximately 2 db ea.ch. 

(b) The equipment is so designed that the signal l evel (receivecl 
speech signals) remninc substantiaJ l y constant regardless of the number of 
receivers connected for radio reception. With only one head set connected 
into the circuit at the mas t er monitor location,~ signal was tuned i.~ and 
adj usted t o a satisfactory level. A l oad sinulating 9 addit i onal head sets 
(approximat ely 127 ohms) was then thrown i n parallel with the head set in 
use. No di minut i on in signal level could be detect ed. With a t>ienal of 
such low l evel tho.tit could barely be read when using a. single hend set, 
the addit ion of the 127 ohm load reduced the volume by an almost impercept­
ible amount. The equipment is so designed that whenever a headset or hand 
set is wi thdrawn from t he circuit an equivalent 6oo ohm load is automatical­
ly switched into the circuit thus keeping the total load consta.~t. 

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

(d) The requirelllent that constant level be r.iaintained regardless of 
the number of microphones connected to the same transmitter is not complied 
wit h i n an automatic manner. Reference to Table 42 reveals the fnct that 
t he i.~troduction of a second microphone int o a given circuit causes the 
level to drop between 3 and 4 db. Switching additional microphones into 
t he circuit would cause corresponding drops in the l evel. I t should be 
understood, however, that it would be possible for t he oper a tor nt the 
master moni tor station to correct the -level by means or the proper attenua­
tor. Thus, means are pr ovidAn for md"ltaining a const8.Dt l evel , al though 
t his adjustment requires manual control. It I!lay be point ed out that the 
vcriation in level caused by the use of addit:ional microphone:3 is of an 
order of magnitude equnl to that ..hie.½ would be encount ered in the speech 
of various individuals or in the speech of the same bdividual if he moved 
his microphone slightly while speaking. Table 42 shows n.lso that the same 
audio potential applied at various stations results in different levels. 
t.a will be noted, a drop of about 4 or 5 db resulted between the master 
monitor unit and the stAtion control and e.xtension unit s. The stati on con­
trol units were connected to the master monitor unit t hrough about 25 feet 
of cable. 

130. Par. 3A- 5. Tests were conducted Vi'ber ein t he high frequenC'J trans­
mit ter and one or two r eceivers were operated on the same frequency without 
enr.omtering around the circuit howlso In this connect ion it is pointed out 
t h~t the complete 4 channel equii:ment was no t available for these test~. 

131 . Par.3A-7. The mas ter monitor unit has pr ovision for four r cdio 
c..--id five interphone channels. 'l'he unit i s designed for desk mounting cmd 
&11 opernt:i.~g controls are mounted on t he f ront panel with the exception 
of the antenna potentiometers which are accessible through the door in the 
t on of the unit . The construction of the unit is sufficientl y rugged TTith 

-30-



tlHl exception of. the strength 0£ the front panel and the means i'or securing 
this pnnel as pointed out in par. 40 of this report. Suitnbla provision ha:-; 
bBe~ IDa<le for ~onnecti.~g cebles from ~~e ·four receivers~ five station con­
trol units and the transmitter control lines as well as connections to· the 
~sociated power units. Satisfactory provision has been ms.de ror connectina 
foll, r..ntenna:s with four receivers . The anterir.a connections and a s f:0d.:.ted 0 

ge,1.r t~ contdned in n f;epr...rnte uni t vr.hich oay be withdrmm f rom the l!t8stcr 
monit.(>T. This uni t contidns jacks and patching cords by means of v1h ich any 
dc~ir e<l combinet i on of antennas and recei vers may be obtained~ Provini on 
bns been made for securing the cables where they enter the master monitor 
in the rear of the unit. 

132. Pnr. 31.-8 . 
ter.r.ns nncl grounds on 
in[ cords referred to 
sl:rj' fl rod bill ty with 

Suitable connect ions have been provi ded for the an-
the rear of the unit and the I!lul t iple jacks and pc. tch­
in the preceding paragr~ph give the equip:ient the neces­
respect to the antennas and reeei vers used. 

133. Par. JA-9. The meters end controls provided hnve been symmetrical­
ly r.rr ru1ged with r espect to the circuits affected. 'lhe int 8r}ilone controls 
ere l ocr.ted nlong tho bottom of the front penel, separated from the r adio 
controlz ns far as the physical dimensions of the unit pemit. 

(1) Four output level indicetorp have been provided, 
one for each channel or recei ver. The damping 
of these meters appears to be satis£actory for 
this appli cation, although meters of a similar 
nature have been tested at this Labora.torJ whi ch 
v1ere provided with n greater damping factor. The 
range of the meter exte~ds from -10 db to +6 db 
with t he zer o level at 6 milliwatt s . A range 
switch has three positions which extends the 
r mige of t he instruments from -20 db to +16 db. 
This ronge switch gi ves the following ranges: 

Position 

-10 
0 

+10 

fulnge 

-20 to -1.,, 
- 10 to +6 

0 t o +16 

The Centre.ct Note (page 9) indicat es that a two 
position r511ge swit ch should be pr-ovided. The 
three position switch, however, permits the use 
of a less restricted scal e o.nd 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 Ch.annel B sticks at mid scale 
reading. Inspecti on of the production nodels 
should insure that all meter s work freely over 
t he entire range. Tests show that the opera­
tion of the range switches have no noticeable 
effect upon t.~e output level of the receivers. 



(2) four nntenna potentiometeni have heen provided 
for odjust.i ng receiver radio :i.n!_)ut to provide 
proper decrease i n i nput men the interm:.lly 
motmtecl r elay, as selected by the trnn~mit.ter 
drcuit. controJ s, is operated by the talk-li!'ten 
switch or the trunsmitter voi ce reluy, to prevent 
the receiver, when adjusted to the same frequency 
as t he transr.ii.tter , f rom blockine and to provide 
proper radio side tonP,. One control is provided 
for each receiver. 'J.'liese control::, are not mounted 
on t he front panel, but are located in the top of 
the unit and are accessible through t he top door. 
This location is considered sutisfactorJ and de­
sirable, since these controls do not require fre­
qt1ent adjustment tmd may be left set for long 
periods of time. Ref.(k), page 11, of Bureau of 
Engineering l etter NOs-J861L..(5-9-W8) of May 17, 
1935, indicet es that the receh--ers must function 
satisfactorily when the receiving antenna is sub­
jected to potentia.Js as high as 10 volts. Tests 
were conducted wherein the receiving antenna 
was subjected to potentials ranging up to 12 or 
15 vol ts. The protective relay and potentiometer 
in the master moni tor functioned satisfactorily 
and a suitable side tone signal Vias obtained. 
No signs of overheating or e.rcing were detected. 

(3) Four attenuators are provided, one for ecch re­
ceiver chmmel, for attenuating t he receiver 
nudio output to the desired level. lbese controls 
operate without undue noise and have a range of 
22 db in eleven s t eps of approximately 2 db each. 

(L) Four 2-positicn telephone tYPc keys hnve been pro­
vided for connecting or disconnecting the output 
of one to four receivers, or any combinat ion 
thereof, to the t elephone receiver of the combi­
nation hand set used at the master monitor loca­
t ion. 

(5) Four transmitter line l evel indicators have been 
proviced, one for each transmitter channel. 1hese 
indicators are exact duplicates of thoee described 
above for the r eceiver channels. The use of these 
level indicators and theil· attendant range switches 
give rise to certa iJI. undesirHble results in the 
operation of the equipment. Table 43 shows the 
effect of the range switchcf> has upon the percent­
age modulation and how the distortion increases 
when tha range switch is thro~n to the -10 setting. 
Thus, if the master monitor operutor should throw 
the range switch of the lin~ leve1 indicator while 
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the partic\ll.ar chrumel to which it i::: attached was 
in operution, an increase o~ decrease in the modu­
lated output would result together with a greater 
degree oi' distortion i,n the c,.~e i"lhere the range 
s.ri t ch was t hrown to -10. In order to overcome 
t hese objections the following ru.ternatives are sub­
mitted for the Bureou's consideration: 

(A) 

(B) 

(C) 

Substitute a constant impedance type level 
indicator in order to keep the load on the 
line at~ constant level regardless of the 
position of the range switch. 

Attempt to obtain an instrument whose re­
sistance is suf".ficiently high so that when 
the ranee switches ai·e operated the change 
in l oo.d will be so smnll that no upprecieble 
change in output ,till r esult. 

Eliminate the rnnge swit ches entirely and 
retain the level indicator with a single 
range only; namely, -10 db to +6 db. This 
scale would cover the useful range of line 
levels since experience with the equipnent 
indicates that the line level will usually 
be set somewhere between -5 db and zero db. 
'lhis renge could be shifted one way or the 
other, thut is up or do,m, by merely read­
justing the volume control which is pro­
vided on each modulator rectii'ier unit. 
This l ast tlternntive possesses the addi­
tional advantage that it would eliminate 
four switches from the already overcrowded 
pnnel of the master monitor unit. 

(6) Four transmitter line level controls or e.ttenuators 
have been provided, one for each transmitter channel. 
These cont rols operate on the output of their respec­
tive line amplifiers, which ampl ifiers are contained 
in the master monitor unit. These attenuators are 
identical with those described in sub-paragr aph (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 
transmitter circuits individually or collectively. 
When these switches nre in the "on" position the 
ntalk-listen 11 switch, the microphone of the combi­
nation hand set and the transmitter or channel 
indicators lights on this unit and all other sta­
tion control units are properly connect ed to the 
circuits chosen. 'When in the "off" position the 
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(8 ) 

(9 ) 

(10 ) 

(11) 

(12) 

(14) 

oicrophone is disconnected e.nd the indicator 
lights ct all stations are extinguiBhed unless 
thiB some circuit or circui ts have been FA~ 
lected "bJ one or more o~ the other control 
ste.tionsc 

Four tr;:;.nsmitt er circuit warning or indicator 
lights have been provided, one for each t rans­
mitter chonnel, marked "A", "B", 11c11 , and "D". 
These indi cators l ight when the particular 
selector key on this or on the station control 
units are "on11 and go out when the particular 
channel is not selected from ruzy station. 

A three position key switch has been provided 
to connect t he combination hsnd set to "radio", 
"interpbone" or to the "off" position. 

A redio "talk-listen" switch haR been provided 
which operates the relays in the mast er monitor 
unit thereby reducing the r adio frequency input 
t o the receivers used with the particular trons­
mitters selected, to a proper value as deter­
mined by the adjustment of the receiver input 
control or potentiOl!leter. Thi s switch remnins 
in the "talk" posit ion only while held depressed 
by the operator. This switch also controls the 
transmitter c~rrier, except when voice control 
of the carrier has been selected thr ough the 
mediUJll of the proper switch on the panel of the 
modulator-rectifier unit. When voice control 
has been selected the. receiver input relays 
operate automaticnlly without requiring the use 
of the "talk-listen11 switch. 

· Jacks have been provided for a se:pm-at e micro­
phone and hce.d seto When these plugs are inserted 
the corresponding portion of the permcnently con­
nected hnnd set is disconnected from the circuit. 

A red indicator light has been suppli ed on the 
panel of the master monitor unit to indicate when 
power is applied to this uni tJ ♦ 

An "on- off" switch h!l.S been supplied on the panel 
for cont rolling the power to this unit . This 
Si/itch does not control the power to t he tele­
phone power unit. 

Fi ve int erphone "call - of f-talk" keys have been 
~rovlded on the panel of the me.zter monitor unit. 
l'he interphone call light and the buzzer on the 
called stntion control unit operate only while 
the swit ch i s depressed- It is possibl e to call 
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n s tation control unit by s:il!lply using the inter­
phone ca.lling key P regardless of the position of 
tl1e other controls on this or other units. In 
addi tion it i s possible for the mc.ster monitor 
operntor to connect nny two or e.11 stotion con­
trol rmits into the circuit so that any stetion 
control operntor may speek to any otter stati on 
control operator as well ·as to the master monitor 
opera tor. This is accompli shed by merely depress­
ing the talk keys at the muster monitor t:nit. 

(15) Five interphone indicator ccll lights, one for 
each station control unit, are provided on the 
panel of the master monitor unit. These light~ 
are numbered from 1 to 5 to correspond to the 
five station contr-ol units. It is also possible 
to throw a buzzer into the circuit so that two 
met hods of signalling are availabl e, or , it is 
possible to disconnect the buzzer at the master 
monitor by throwing a small toggle swit ch to 
the "off" position. In connecti on with the in­
terphone buzzers it may be point ed out that they 
are oi' the or dinnry low frequency type. When 
this equipment is installed on board ship it 
is possible that sorie of the units will be in­
s talled in COJ;1partments where si.IJilar buzzers 
are being used in connection with other activi­
tieso In order to prevent confusion among sig­
nals it is recommended that the buzzers supplied 
with the TBN- 2 equipnent 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 pennanently connecting a 
combination hand set to the muster moni tor tmit. 
The mount provided for holding this hand set was 
of the ordinary hook variety which must be secured 
to a vertical member, such as the side of a desk. 
It is believed that a regular desk stand, ruch as 
ere supplied with the French telephone units, but 
without the switch., would be more convenient and 
satisfactory, and it is recommended that such 
stru1ds be supplied. In addition, each permanent­
ly connected hand set at all l ocations should be 
provided with a spring clip in order to secure i t 
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. 
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(17) Reference to Table 9, appended hereto, sho~s thnt 
the dimensions of the master monitor unit exceed 
slightly the specified dimensions. 

134. Par. JA-10. The telephone power imit is designed so that it mey be 
mounted beneath a desk, or on the desk, as desired. This tmit requires vecy 
11ttle attention or servi cine beyond replacement of the 38180 rectifier tube 
ancl a11 infrequent adj ustment of the low potential supply from the Rectox units. 
Tabl e /24 lists the results of a two hour test conducted to determine the temp­
erature rise of the Rectox units when they were subjected to a 5 to 6 runpere 
load. Seven of these units are supplied, connected in parallel, and it is 
doubtful whether they will ever be required~ supply a five or six ampere 
l oad for e.ny length of time under service operation. The maximum load drawn 
from these units with the equipnent furnished for test was something l ess 
than two amperes. It "111 be noted the.t 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./41 of this report, it is believed that the telephone 
power unit will give satisfactocy operation from the temperature standpoint. 
Tabl e 9 lists the physical dimensions of this unit. 

1.35. The telephone po,ver unit obtains its energy from the 110-115 
volt supply provided in the rectifier modulator unit and provides the neces­
sacy potential.s for opera.ting the speech input eqi.tl.pnent. The equipnent is 
so arranged that the microphone supply remains on when the rest of the speech 
input equipnent is shut down. Some slight re-adjustment of the microphone 
supply if> required after installation to take care of aging of the Rectox 
units. This is easily accomplished and it is understood that this adjust­
ment must be made only once. 

136. Par. 3A- 12. The telephone power unit contains the necessa.cy 
filters . These filters utilize capacitor s of the electrolytic type as 
authorized on page 9 of the Contract Note. 

137. Pa.r.3.A...13. The station contra], unit is of the cast aluminun type 
of the dimensions listed in Table 9. The unit is so designed that it is 
water tight when the cover is closed. The door or cover hinges are loceted 
at the bottom and a spring device has been provided to prevent the cover 
fro1:1 swinging when in the open position. The panel to rihich the controls 
nnd indicators are secured is of' two ply a1umim.m. 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 connectine 
the incoming cables from the master monitor and s t ation extension units in 
a water tight manner, regardless of whether the cover is open or closed. 
The unit is so constructed that it may be securely mounted to a bulkhead. 
In accordance with the r equirern.ent contained in Contra.ct Note, page 3, pro­
vision has been made for securing the cover of the station control unit 
in a 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. 'lhe shape of the cover, which 
is concave, prevents it from being used as a shelf for writing purposes 
and the arm which holds it in place is inclined to ·ratU e. It is recom­
mended that the Bureau ~onsider the advisability of cancelling the require­
ment which provides f or the horizontn.l position of this cover. Attent ion 
is also invited t o par.l.2 of this report which suggests a re-arrv.ngement 
of the wi rinp; to the terminal blocks in the station control unit. See 
also par. 16o (I). 
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1.38. Pe.r. JA-14. The station control unit is pr ovided with the fol­
lowing indicating devices and controls, locsted on the front panel inn 
symmetrical manner. 

(1) Four 3-position "remote-off-l ocal " switches h&ve 
been provided, one :for the contr ol of each trans­
mitter chrumel . When in the local position t he 
microphone of the combination hand set is con­
nected to control the output of the transmitt er 
selected. It i s also po~sible to control more 
than one transmitter simultaneously :from the 
same microphone by simply selecting the desired 
channels through the use of' these switches. When 
any of' these switches are thronn to either l ocal 
or remote control the corresponding indicator 
lights on all station control units ond on the 
master monitor unit l ight. liben the switch is 
thr o\V!l to remote, control of that particular 
transmitter is transferred to tQ.e corresponding 
extensi on unit . Throwing more than one of these 
swit ches to the remote position effects connection 
only to the part icular extension units desired and 
does not connect the extension unit to more than 
one t ransmitter channel. When eJ.1 switches in one 
transmitter circuit are in the "off" position, all 
indi cator lights are extinguished. These switches 
also connect the ntru.k-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 transmit ter channel, to show when a:oy such 
circuit has been selected at a~T point of control . 

(3) Four 2-position "off- local" receiver switches have 
been provi ded, one for each receiver circuit, to 
permit an operator at the station control unit to 
select one or more receiver circuits and listen 
simultaneously thereon, using the receiver of the 
hand set combination. Use of these controls does 
not energize the microphone or disconnect tbe re­
ceiver circuits from the station extension units . 
Mnnipulation of t wo or more of these switches 
simultaneousl y gives rise to a condition vlherc the 
station extension units are enabled to hear sig­
mtls to which that particular extension is not con­
nected. For eXB.D'l~le, if extensi on No. l is con­
nect ed to Cha.nnelnAn and the station control 
opera.tor selects Channels 11A" and "B" simultaneo~s­
ly, the oper ator at extension No. 1 pan hear the 
signal coming in over Channel "B11 • This signal 
i s deci dedly wenker than the normal signal obtained 
through Channel "A", but is perfectly readable if 



Channel "A" is not in use or h:::.s no incoming signal 
at that pe.rticulnr tfue. This same condition exists 
at all extension uni ts a.11d :for all combinations of 
the vari ous channels. Manipulation of more than_ two 
receiver selector keys at the master monitor unit 
gives rise to the 58!118 conditions. The signals are 
coupled through any particular hend set or hand set 
which happens to be connected to t\VO channels at the 
same time. '!here 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 overri des 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 nnd 
buzzer operate only while the control at the master 
monitor station is i n 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 operator. Al though the speci­
fications do not require interphone between_ sta­
tion control units this method of communication is 
actually provided, as explained in pnr.133(14) of 
this report. It is recommended that no action be 
taken to elininate this addit ionru. 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-of:f-radio switch has been provided 
for connecting the hand set to the desired circuit 
or for removing it from both circuits. 

(8) Sepe.rate telephone and microphone jacks have been 
provided to permit connectine a chest type ~icro­
pbone and a 600 ohm head set. When the plugs of 
these are inserted the corresponding portion of 
the hand set combination is disconnect ed 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 tmit is housed within 
the water-tight box when the cover is closed. (Sec 
par.133 (16) of this report relative t o providing 
sprine: cl ins .for S8cnrin,::, h11nn s,:i,+.~ . ) 
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139. Pnr.JA-15. The stat ion extention units provided are of cast 
aluminum construction of the dimension::; listed in Table 9. They are pro­
vided with watertieht covers and are designed for bulkhead mounting. 

(1) Provision has been made for connect ing the shielded 
cable from the station cont rol 1.mit to this miit in 
such a manner that it is not affected by opening or 
closing the cover. 

(2) When the cover of the extension uni t is open it is 
possible to insert 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 desirabl e to use this type. The 
receiver circuit supplied to the station extension 
unit is in op0rs.tion at all times as long as a re­
ceiver is connected and it is impossible for controls 
at other locations to disconnect the receiver. 

(J) A te.l.k 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 equipnent. 

140. Par.JA-16. The circuits· and equipnent required ror voice modula­
tion of the high f requency unit, with the exception of the master monitor, 
telephone power, station cont rol, and station extension units, have been 
assembled and combined with the rectifier unit as a combined modulator­
rectifier unit. 

lLtl. Par. 3A-l 7 . The modulo. tor equipnent 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 a 6 milliwatt level. The determination of the percentage modulation was 
made by means of a cathode ray o~cillograph, the peak voltmeter method for 
determining positive and negative peaks and by means of the modulation 
meter provided as part of the modulator equipment. The audio frequency 
distortion ,,as determined at various lev:els of modulation end under a 
variety of conditions. 

(n) 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 muster monitor unit cir­
cuits not being included in this test. The dis­
tortion was approximately 4% at 100% modulation, 
which is well within the specification limit of 
10%. 
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(b) Plate 2 is n graph showing tho 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. '.!be 
microphone circuit was not included in this test. 
The distortion as measured was less than 4% at 100% 
modulation. 

(c) Plate 3 sho»s the increase in distortion result­
ing from the introduction 0£ the microphone cir­
cuit into the system under test as compared with 
the distortlon obtained when the input voltage 
wns impressed across the amplifier terminals 
Nos . 29 and JO. 

(d) Plate 4 shows the increase in distortion, particu­
larly at the highor levels of modulation, resulting 
from the use of a low emission tube in the line 
a.~plifier. It should be noted that both tubes 
comply wit.li specification limits relative to emls­
sion. 

(e) Plate 5 shows the distortion characteristic of 
the four channel amplifiers, "A" to "D" inclusive. 
The audio input was impr~ssed across the microphone 
terminals. It will be noted that o.11 four channels 
gave similar results. 

(f) Table 43 shows the effect of the level indicato~s 
which are connected across the output of the line 
ampli~iers. As ·pointed out previously, a noticeable 
increase in dis tortion resul ts when the level indi­
cator is connected directly across the line without 
any series resistance. 

{g) Table 45 lists the results of tests conducted to 
determine the effect of varying values of d.c. 
cu.--♦rent 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 doc. microphone current, is still more 
pronounced in t he region of 100 cycles. 

From the foregoing data it will be observed that at no tine was the speci­
fication limit of 10% distortion exceeded under any circumstances . 

142. Po.r.JA-18. This paragraph states "The frequency characteristics 
of the ~odulator and associated amplifier equipment shall be flat within 
±. 2 db over the range of 100 to 5,000 cycles. 11 
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(a) Plnte 6 sho-:rs the frequency character i s t i c or the 
equi pment when the audio vol tage was impressed 
di~ectly upon the input terminaln of the modulator 
uni t . The nnster monitor circui~s were not included 
in this test. 

(b) Plat e 7 shows the frequency characteristic obtained 
when t he audio input voltage was impressed across 
the microphone terminals i n t he modulator recti fier 
tmit. No d.c. current was permitt ed to flow in the 
microphone circuit during t his test. 

(c) Plate 8 sho,1s the frequency c..1'1ar acteristic obtained 
when the audio input voltage was impressed across 
the microphone terminals in the modulator rectifier 
unit with 60 M. A. d.c. flowing in this circuit. 

(di Plat e 9 shows the frequency characteristic obtained 
when the audio input voltage was impressed across 
the microphone t erminals i n the modulator rectifier 
unit with 120 M. A. d . c. flovdng in the microphone 
circuit. T'ne effect of the d. c . current can be 
p]ainly noted by comparing this curve with those in 
Plates 7 and 8 . 

(e) Plate 10 shows the frequency character istic obtained 
when the audi o input voltage was impressed across 
the input transformer terminals of one of the ampli­
f i ers in the master monitor unit. (Terminals Nos. 23 
and 24). The microJiione circuit was not included 
in thi s t est. 

(f) Plate 11 shows the frequency characteristic obtained 
when the audio input voltage was impressed across the 
microphone terminals in the mast er monitor unit. No 
d.c. current was flowing in the mi crophone circuit 
during this test. (Compare Plat e 7 with Plate ll.) 

(g) Plate 12 shows the £requency characteri stic obtained 
when the audio input voltage was impres sed across the 
microphone t erminals in the master monito!' unit with 
60 M.A. d.c. flowing in the micr ophone circuit. Plate 
13 illustr~tes the circuit used in conducting this 
test. (Compu.re Plate 8 vrith Plate 12.) 

(h) Plates 14, 15, and 16 show the f requency character­
istics of the amplifi ers in the master monitor unit 
taken under three different conditions. Plate 14 
shows the results obtained when the measurecents 
v1ere made between terminals 23 and 24, and 7 and 8. 
Plate 15 included the output level indicator with 
the attenuntor set for minimum or zero o.ttenuation. 
Plate 16 show~ the results obtained with the attenua­
tor set on tap 5, the tap usuall y used for full output. 
It will be noted that under all conditions of opera­
tion the frequency characteris tic is substantially flat . 
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143. From the foregoing data it is n.ppc~rent that the frequency chc.r­
c.cteristj c of the Model TBN-2 equipment failf'. to meet the requir~er.t:c: of 
tho specifications {par.Jll-18 of Spcci ficotions RE lJ/i. 497A) when overnl1 
c,ea:mrernents are me.de; that is, when the microphone circuit of the speech 
input equipt1ent is included in the circuits under test. It iR also noted 
that the frequency characteristic of the microphone circuit supplied in 
the rectifier-mod1.1lator unit if- flatter over the rrt11ge of s.udio frecuencies 

.specified, 100 to 5,000 cycles, than the characteristic of the microphone 
circuits in the master monitor, station control or station extension units. 
That the frequency characteristic curves obtained in these tests represent 
the true response of the circuits is s.mply borne out by listening tests 
conducted at various locations. I.. number of different observers, using 
variot:,s types of receiving equipment, including RAB, RAB-1, and RAB-2r, 
receivers, located at different poi~ts unfailingly reported thet the qutlity 
of speech emanating from a microphone plugged into the moduletor-rectifier 
unit spee~h circuits was superior to that obteincd when the microphone cir­
cuits in the master monitor unit were employed. 

144. In accordance with the instructions contained in ref.(p), tests 
were conducted with a Type E-1 sound power microphone, which was sul:Juitted 
by the Bureau of Engineering. In order to compensate for the low level of 
energy produced by this type of microphone it was necessary to resort to 
ndditional amplification so that nn output level of 6 milliwatts could be 
obtained from the mas ter monitor unit. This was accomplished by connect­
ing amplifiers "A" and "B" in the master monitor unit in series end ad­
justing the attenuation so that the desired level could be obtained. 
Plnte 17 shows the frequency characteristic obtained under these condl­
ti.ons. Listening tests were conducted at a.point removed from the trans­
mitter and different observers were requested to rate the received signals 
in nccorde.nce with tbeiI quality. The observers were ummare of the nature 
of the tests at the transmitting end. These tests consfated of the follow­
ing: 

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

(2) Speech transmitted by _means of toe sound 
power microphone, through the medium of 
amplifiers "A" and "B" i n casce.de. A Type 
166, General Radio telephone transformer 
was insert ed in the circuit betv1een the 
microphone end the input terminale of 
amplifier "A" for impedance matching pur­
poses. 

(3) Speech transmitted by means of the regular 
carbon microphone furnished with the equip­
ment, utilizing the microphone circuit in 
the modulator-rectifier unit.. 



In n11 t..liree tests tbe percentage of modulE.tion was held substa.'1.tif-11:,r et the 
sr;.me level and the same operator transmitted the same message for t.11 thr ee 
conditions of test. The receiver sdjustments remr:.ined fixed, while two t;;--pes 
of hesdsets were employed; namely, the 600 ohm type and the 2200 ohm type. 

145. The consensus of opinion at the receiving end rated the qual ity 
of the received speech in the following or<ler: 

first - Test 2 
Second - Test 3 
Third - Test 1 

Both tests 2 and .3 v.ere clecidedly superior to test 1. While there was a 
recognizuble difference between tests 2 and 3, with test 2 giving the better 
qu~:i i t.y, the difference v,as not s.s marked as between test 2 or J end test 1. 
In all cMes 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 obt ained from the Western Electric 
sound power microphone and the additional amplification required to produce 
suffident ener gy to bring the level up to workable amplitude, it is the 
opinion of the Laboratory that this. t ype of sound power microphone is not 
suitable for use in connection with the TBN-2 eq1.rl.~ent. 

M6o 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, band set Type E-2, vrere 
almost identical with the results obtained wit h the chest type cnrbon but ton 
microphone CW- 510050 Therefore, these two microphones may be used inter­
changeably. The Stromberg Carlson mi.crophone No. 6 did not produce as sat­
isfacto!"'/ oper ation as the Western Electric carbon microphones with respect 
to quality, intelligibility or output level and hence it is not considered 
n satisfactory substitute. On July 29, 1935, three sound power microphones 
Type PB-112-Bl were received from the RCA Manufacturing Company and these 
microphones wer e also i ncluded in the comparative test. 'The relative out­
put levels obtained with the various microphones on average voice frequen-
cies ere approximately as follows: · 

Western Electric carbon button microphone E-2 -
Stromberg Gurlson carbon butt.on microphone No.6 -
RCA sound power microphone, PR 112-Bl 
Western Electric sound power microphone E--1 

zero db 
-1 to 2 db. 
-18 to 20 db. 

-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 conparison tests. These microphones were the Western Electric 
carbon button microphone, E-2, and the RCA sound power microphone PB 112-fil. 
I:ue to the ver-f noticenble difference between the microphone circuit in the 
master monitor unit and the microphone circuit in the modulator rectifier 
unit the carbon microphones were tested in both circuits. · since the sound 
power microphones required the additional runplification supplied by the 
38056 tube in the master monitor line Slllpli fier 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 tr&nsformer nnd for this purpose a General Radio 



7yPe J 66 trunsf orrner was used . The microphone vms connected to the primc:.1·y 
of· t hi~ t ransfon ,ier and the s econde.ry of the 166 tr&nsformer wns connected to 
t he primcry of the inp1.1t t r~nsfo:rmer of Chrumel "D" in the ma::.;ter n:onitor 
unit. Three condit ions of operation were eciployed end the followine test~ 
conducted: 

Test No.1 - West ern Electri c carbon button microphone 
in the mas ter monitor 1.a1it. microphone circuit. 

Test Noo2 - RCA sound power microphone connected to 
Channel "D" of the master monitor unit 
through the Type 166 transformer. 

Test No. J - West ern Electri c carbon button microphone 
in the modula t or r ectifier unit microphone 
circuit. 

Four speakers and ten listeners were selected from the Officer and E'nU sted 
personnel of the Radio Materiel Schools in order to conduct the tests. Each 
speaker enunciated a l ist of ten unrelated ,1ords ranging from single syllE.ble 
to multi-syllable words for each conditi on of test. 'Ihese words were selected 
from the l ist of Col!II!lon words· appeoring in ordinary telephone conversations 
as described in Bell Telephone System Technicnl Publication B-491 and from 
the Navy Standard Spelling· List. Words were pronounced once only. Thus 
each list ener copied 120 words s.nd a total of 400 wor ds was spoken over each 
microphone. Reception was accomplished by means of an RAB-2a receiver and 
Type 49023 600 ohm head sets. The frequency of transmission was 2600 kilo­
cycles and the modulat ion level was adjusted so tliat approximately 50 to 60% 
peaks were the maximun obtained tmder all condit ions of test with all spealc­
ers. At the end of the test each listener was requested to indicate v,hich 
test in his opinion sounded most natural and intel l igible. Every word that 
the listeners copied wrongly or fail ed 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 
Test No. 2 - 175 errors 
Test No. 3 47 errors -

- 12. 8% 
43.8% 
11.8% 

Eight l i steners voted preference for Test No.3,while two voted for Test No. ~1 . 
The second tabula tion in Table 54 lists the errors according t o speakers, 
indic:ating, as wus t o be expected, difference in the enunciti.tion of various 
individuals. The third tabulation in the table lists the errors made on the 
various speakers according to the microphone or mi crophone circuits used. 
This indicates that regardless of the ·individual cbnre.cteristics of a spac.ke1· ' s 
voice the ratio or errors of any one speaker was about the same as the rat io 
of errors made by ail f our speakers. The only exception is fo the case of 
Speaker •B". 
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1.48. Fron the foregoi ng results it is plainly evident that the sounc. 
powe~ mic:ophone r.ill not be ~uitable for use in connection with the !Jod.d 
TBN- 4 eqm.pment. It further illustrates that the type of microphone cir­
cuit employed in the modul&t or r ectifier tmi~ produces speech of a quality 
preferred by the averr.ee listener i n the rnti o of 4 to 1 over the quality 
of speech produced Vii th the same micr ophone in the microphone circuit of 
the mast er monitor unit.. The difference in understandabµ_ity or int.elli­
gibility between the two micr ophone circuits when employing the same tYPe 
of microphone i s not very greet but what difference exists is in f avor of 
the microphone circuit employed in the modula tor rectifier unit. Since 
the preference for the quali t~ of speech produced by the microphone cir­
cuit in the modulator recti f ier wit is so marked it is recommended that 
steps be taken to modify the microphone circuits in the master monitor, 
station control, and station extension units (these circui ts are identical) 
in order to improve the quality. The modifications required to acconplish 
thfa end are not extensive since it is beli eved that slight changes in the 
cheracteristlcs of the audio choke coll and microphone transformer will 
bring about the desired results. 

l/49. Par. ; A-19-1. A suitable gain cont rol attenuator has been incor­
por ated in the r ectifier- modulator unit which may be adjusted froa the front 
panel. This control has a range of.' 30 db and is adjustable in 20 s t eps of 
approximately 1.5 db each , thus providing a more flexible control than is 
requir ed btJ the specif icati ons, which calls for a range of 25 db i n 2 db 
steps. With this attenuator set a t approximately center position, an in­
put of 6 milliwatts to the module.tor produces an output of 100% modulation 
Ir. order that this control may be readily adj usted to the same setting it 
is recommended that it be provided with a dial and pointer. A calibration . 
mark for each step on the attenuator would be satisfactory. At the present 
time this control i s not pr ovided with a dial or pointer. 

150. Par . JA-19-2. A module.tion meter calibrated in "percentage 
modulation" has been provided on the panel of the modul~tor- rectifier 
uni t . When received this meter was inoperat ive and in attempting to 
operate the module.tor circuits it flashed over. A representative of the 
manufacturer r eturned the meter to the factocy and a replacement meter 
was later provided. This meter was reinstall ed in the equipment and tests 
were conducted to determine its accuracy. '11le checks were made in compari­
son wi th a cathode ray oscillograph and a Model OB modulation meter Yrhich ~ 
registers negative and positive peaks. The cathode r ay was used as the 
standurd o:f comparison. The f irst tests revealed that the module.tion . 
meter in the modulator-recti£i er unit, Type CAY-22230, read high over the 
entire range by about 15%. The meter vras then adjus ted to es near zero 
setting as the adjustment would permit. The minimum point to which the 
indicator could be adjusted corresponded to a.bout 6% modulE.tion. Af'ter 
this adj ustment was made the meter was again checked and i t was found that. 
t he error had decreased. Up to about 40 or 50% modulation the error is 
negligible but above these l evels the percenta.ge error increases, until 
at 90% modulation it reads high by appr oximet ely 10%. Plate 18, appended 
hereto, shows graphi cally the results of the tests conducted with this 
meter. After the foregoing tests had been completed, the rectifier modu­
lator unit , together with associ ated equipnent, \'18.8 subjected to tempera­
ture end humidity t ests. During the course of these latter tests it was 



noted tha t the point er of the modulation meter stuck at the lower portion of 
the scale. Arter ·t he equipment had been removed from the temperature test 
room the pointer continued to ~t ick o.nd the meter was removed from the equip­
raent. As soon as the meter was r emoved t.~e needle or pointer appeared to 
be free, so the instrument was reinstalled. Again the pointer stuck at the 
1or.er portion of the scale. The meter was again recoved and egnin the needle 
eppeared to be free . Particular pains wer e taken to see that the screws 
by means of which the meter was s ecured to the. pnnel did not exert enough 
pressure to bind the works and when the meter wes removed from the equip­
ment approximately the srune weight was secured to the four studs in order 
to duplicate installation conditions. However, as long as the neter was 
not installed in the rectifier modulator unit the pointer r emained free , 
but 'would bind as soon as the meter was installed in its regular location. 
No def inite reason for this action could be determined. 

151. On July 24 a representati ve of the manufacturer suhnitted 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 pr evious meter is referred to as 
"meter no.l". It will be noted t hat meter no.2 gnve extremely accurate re­
sults when tested in comparison with other met hods of determining percent3ge 
modulation. Therefore, from the s tandpoint of accuracy, mater no.2 was 
en tire ly satisfactory. However, during the course of these tests, Conde.-iser 
C-39, ·~hich . is a variable air condenser in the power amplifier tsnk circuit . 
of the high frequency unit, arced over. 'lb.e detuning resulting from this 
arcing caused the power amplifier tube to draw about 425 milliamperes plate 
current. Although the modulation met er was not under direct observation 
at the instant the arcing occurred, i t is bel ieved that this overload 
caused the modulati on meter to burn out, since a few moments later it was 
found that the modulation meter was i noperative. At the time the arc 
over occurred the normal P. A. plate current was 270 m.a. and the frequency 
of oper ation was 2600 kilocycles. Sever al tines during the test of t.l-iis 
equipment on voice operation ~omentary arc overs occurred. During these 
tests ef forts were made to adjust the voice levels so that over modulation 
would not result , although it is dif'ficult to state with cer t ainty that 
pen.ks in excess of 100% did not occur. However , these same conditi ons 
will be encountered in service operation and hence it appears tJ-1at steps 
must be undertaken to provide e power runplifier tank condenser which will 
not arc over and a modulati on meter which will not burn out in t he presence 
of~ c . plate current surges. The d . c. plate overload relay in t.~e trans­
mitter was set ns lightly as possible without opening up on keying surges; 
namely, about 500 m. a . In genercl, it may be stated that the type of 
modulation meter provided is capable of providing accurate mensur et1ents, 
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 befor e it will be satisfactory for seritice use. 

152. Par. JA- 20. The jndicating instruments prov.ided on the p!l.uel 
of the modulator equipnent are l ist ed in Table 34- It will be noted that 
t he i.~strument s furnished are in agreement with the specifications as 
modified by BuS&A letter of 7 Februa...7, 1935, lms-,38614(SPM) to Westing-
b,use Electric and Manufacturing Co~pnny, and are adequate for the prope~ 

op~r ation of t he equipment. 
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15.3. Par.JA-21 . The modulator equipment i s provided with three staees 
of push-pull amplification of sat isfactor-J chnr&cteristlcs. The t ube l lnc 
up has been di~cussed under par._% of this report. 

154, Par.3A-22. In additi on to the talk-listen control circ,..ti.t, 
opcr~ted by a key switch on t.~e master monitor, station control, and station 
extension units, provision has been made for voice control of the ca.::-rier. 
This circuit utillzes a 38110 tube. The specifications state that the op­
eration of thi s feature shall be such that full carrier iR 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 tha.>J. two- tenths of a 
second to prevent cutting of£ the carrier between syllables or words. Suit­
able $Cans shall be provided to adjust t he sensitivity of the voice control 
f eature by means of a suitable control on the front panel of the equip,ment. 

155, A number of tests were conducted to determine the action of the 
automatic voice r elay. Considerable difficulty is experienced in accurately 
adjustinJ the modulation to 25 db below that required for normal operation, 
since it is difficult to measure a level of this magnitude. The equipment 
el!lployed indicated that the lowest level used in these tests was -22 db, 
although this figure cannot be guaranteed to be correct closer tha~ t 3 
or 4 db. With the sensitivity control adjusted to the point which appeared 
to give the best results for ordinary speech work a .number 'of oscillograph­
lc 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 
,mere this level would provide complete modulatio!l. The results of the 
osci llographic analysi s revealed the following: 

Input Level 

-22 db 

- 6 db 

zero 

Tine for application of carrier 
after audio after audio voltage 
voltage was re~ched full normru. 
apolied level 

0.065 sec. 

0.012 

0.014 

0.048 sec 

0.006 

0.006 

Time ccrri er 
persisted 
after removal 
of audio volt~ge 

0.049 sec 

0.512 

0.609 

The above figures represent the average values obtained from n number of 
tests conducted at t.~e three levels speci.fied. Plate 19 shows three of 
the oscillograms obtained nt l evels of -22, -6, and zero. It would he.ve 
been possible to adjust the sensiUvit-J of the equipnent to a poi."lt where 
the lowest input level would have given more rapid response but it is 
felt that such extreme senRitivity would not be practicable under service 
operating conditions, since very low noise levels would tend to tl.Lr-n on 
the carrier. Therefore, in the opinion of the Laborator✓, the speech 
relay ns supplied is considered satisfactory. It will be noted that the 
co.rrier is maintained f'or more than 0.2 seconds after the audio voltage 
hse been removed. 
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155- A. Information obtained from the Interior Conmnmication Divir.ion 
of the Laborntor-J reveals that the noise lP-vels en~ountered in whnt may be 
termed the more quiet spsceB on board vessels of the type on which the 
TBN-~ equipment is to be installed averages around 70 db above the threshold 
of audibi lity. In various other locati ons and under various conditions,such 
as increased machi.ner-✓ speeds, tuning up of planes, etc., the noise level 
rises to 90 db and even 100 db. Tests were conducted which showed that the 
sensitivi ty control provided on the spee~,h relay could be adjusted to 
operate on noise levels between 50 db and 90 db. This range of adjustment 
was thnt provided by the sensitivity control only. A much wider range mny 
be obtai ned by varying the attenuation in the master monitor unit and by 
vars.ring the vol'..lID.e cont r ol on t he modulator unit. It can readily be seen 
that t.~e speech rel ay must be adjusted so that it ~i.11 not operate on a 
noise l evel of at least 70 db, and probably 80 db above the threshold of 
beoring. Therefore, the specification requirement that the speech relay 
oper ate in 0 . 01~ second aft er the speech input has renched a level of 25 db 
below zer o level of 6 mi lliwatts, will undoubtedly be found to be impracti­
cable on board ship. However, it is believed that experience under actutl 
service conditions will readily indicate the degree of sensitivi ty neces­
sary and that this degree of sensitivi ty will be obtainable with the con­
trols now provided on the TBN-2 equipment. 

155-B. Noise level s of the order of 80 db, with the attenuation 
controls of the master moni tor unit adjusted for normal operation, produce 
outputs of approximately 40% to 50% modulation. Thus it will be seen that 
care must be exerci sed in selecting locations for the various microphone 
units in order to avoid areas of high noise level. 

156. Par.JA- 2J. Provision has been made in the design of the modula­
tor equipment to permi t the selection of either manual control or voice con­
trol of the carrier . This is accomplished by means of a three position 
anti-capacity switch with t he "off" position in the center. 

157. Par.3A-24. Provision has been made so that voice control of 
· the carri er as well as manual control operates the receiver input relays 

on the master monitor unit to reduce the input to the receivers to a 
sati sfact ory level. 

158. The overall noise level of the equipment was det ermined at 50% 
and 100% modulati on. No microphones were . in the circuits Vihen these mea­
surements were made. The noi se level was 36 db belo\'1 at 50% modulation 
and 41 db down at 100% modulation. 

159. In order to s implify ·or clarify the handling of the speech in­
put equipment in service, the following changes and addi tions to the 
nomenclat ure used in designating certain controls is suggested. 

{a ) Stntion cont rol unit. "Talk" switch should be 
marked "TDJ.k-Radio n . -This switch is used only 
for radio purposes and not for interphone use. 
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(b) 

( c) 

Statlon extensi•~n units . Each group of four sta­
tio~ extension units suppl i &j wi t~ the station 
control units should bear design«ting lett~r s nA", 
"8n, "C", and "D" to correspond to the channels to 
which they are connected. These narking;:; should 
be visible whcti1er the cover of the extension u.~it 
is open or closed, which will call for double 
marking. The markings should be made in large 
size, pemanent letters. 

Master monitor unit. The suggestio~ contained in 
par.7-3 of ref.(l) for isolating the vnrious cir­
cuit controls on the panel of the master monitor 
by means of vertical and horizontal lines would 
be of aid to operators not thoroughly famllinr 
with the equipment. 

160. On page 14 of ref.(a), the Bureau of Engineering requests comment 
b-J the Laboratory of the various items discussed in Westinghouse Electric 
and Manufacturing Comp:my letter of January 9, 1935, Yl'G-17535, which con­
stitutes ref.(r) of ref.(a) . 'l'he following comments are subnit;ted: 

Por.(A). lbe necessity for incrensine the weight nllommce for 
four-channel speech input equipment is obvious and has been authorized 
by BuS'..:A letter HOs-.3$614(SPM) of 5 Marcil 1935. 

Par.{B). The color and t ype of f"inishes used for the various items 
of speech input equipnent is satisfactory and will undoubtedly be in harmony 
Vii t.11 the surroundings of the various compc.rtments 1n which the uni ts will be 
located. 

Par. ( C) . lbe use of ni~kel plated bre.ss screws and h inges is to be 
preferred to plated steel. In t.~e preliminacy model the hinges supplied on.1 
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 po:r.47 
of this report. 

Po.r. (Dj. The design of the rear panel of the master monitor unit 
is satisfacto:rJ and will cause no inconvenience if the unit is installed 
in a location whereby a clear space of about one foot is avEiil.able to the 
rear of the unit. The enUre antenna circuit assembly may be removed from 
the unit by sliding it out from the rear. 

Par.(E). No comment. 

Par. (F), The Laboratory i s in agree."nent with the belief of' the con­
tractor that the addition of an audio oscillator for setting speech levelc 
would not be warranted. It is believed that iihen the equipment i s insta lled 
on board ship a few routine drills coupl~d with an alert caster monitor 
operator will indtcnte the proper methods to be adopted for obtaining 
~atisfactory speech perfor.mance from t..'1e equipnent. 
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Pa.r.(G) . E,cperiments conducted with recei vers located adjacent to 
the speech input equi!)Illent demonstrated that the buzzers contained in the 
TBL-2 equipment do not cause f.lilY electrical interference in the receivers . 
The mas ter monitor unit~ which is likely to be located near radio receivers 
wben i nstulled on board shi p, has been provided wit.'1 a. buzzer cut- off s,Titr.h. 
Thus if the buzzer causes aural i nterference it cm1 be dispensed with end the 
master monitor operator can depend on vi sual signuls from t.~e i ndicat or lamps. 

Par. (H) . The equipme.~t a s furnished provides for both "r~di o side 
tone" and "straight side tone" operation. Both of these methods ~ere check­
ed thor oughly and both operated satisfactorily. Of course, radio side tone 
is to be preferr ed since i t gives direct assurnnce that the speech ls actu­
ellv being transmitted. Various combinati ons of o.nt~nnas were connected to 
the· mast er monitor unit and various patching coMbinations were utilized wiL'l­
out any interfer ence between recei vers bei ng noted. This i.."lcluded the opera­
tion of two receivers, tuned to adjacent f r equencies, utilizing the sru:ie nn­
tenna. Since only one high .frequency unit was furnished with the preliminar.r 
model exact dupl icntio."l of simul umoous four- channel ope!'ation could not be 
obtained. However, by employing the sienals from local broadcasting stations 
while the high frequency unit wa s in operation, the results indicated that 
satisfactor.r operation may be e.~pected. Some interaction between antennas 
is obtained, but the i..~tera ction experienced during thene tests was of nuc~ 
a nnture that i t did not interfere wi th normnl ope~ation. For exanple; 
wifa recei ver "A11 connected to an antenm1, but no o.ntenna connected to re­
ceiver -"B", sic;nals of low intensit y were heard on r eceiver "B", due w the 
stray picl:-up in the an tenna gear. However, these signals were alweyG at 
least 20 db down from the level they would assume when a satisfactory anten­
na was connected to receiver 11B11 • A test of straight side tone was made and 
satisfactory results were obtn:ined. The change from radio to straight ::ilde 
tone can be accomplish ed by chonging a few connections, in a ccordance vrith 
instructi ons contained in the instruction books, at the various locF.tiont', 
such as station extension and station control units . 

Par. (Ij. The friction type fasten ing for holding the covers of the 
wat ert ight station control and station ext ension units will prove seti7-
factory i f care is exerci sed in the flt of the pfa and socket by means of 
which the clamping action i~ obtained. The s t ation cont rol and st[.tion ex­
tension units were mounted on the test stand as illustrated in Plate '2? and 
subjected to a roll of 45°. No trouble was experienced with the smaller 
station extension units but the cover of one of the s tation control tmits 
would s ,v.ing free et the end of the 45° roll end in t he presence of vi br2.­
tion. The tensi on on the second station control tmit is so intenGe that 
it is di f f icult to dislodge the door from its vertical position by mnin 
force . This apparently is due t o a deformed pin or t o some i r regul ari tr 
in the socket. If these pin and socket arrangements are machined and ad­
justed to give a te."lsion approxil:lately half way between t he t,10 degrees 
now provided, they will prove satisractory. 

Par.(J). In connect ion with the choice of interconnecting cnbles, 
the Laboratory is of t he opinion that the suggestion made in par.3 on 
pc.ge 18 of r ef.'(e) ,..,111 prove most satisfactor-J. 



161. Refer to pnge 15 of ref.(<1) . Wi th respec t to the dis cussi0'1 con-­
M ined in BuEhg 3rd endorseoent NOs-3861!. (1-8-iv8) of 23 Feb.1935 to Pi,S&,I\, 
t he following C001r.1ents are suhnitted. Both t h e hand set an<l the chest type 
of micr~phones submitted with the equipment -1er e test ed i..11 the ntest pod­
tinn" on the modulator unit. A ~heck of t he microphones r evealed the fol­
J. o-;;ing: 

Hand set in master moni tor draws 60 m.a. d . c. 
Hfilld set in moduJ.ator unit draws 1 20 m. :1. d . c. 

Chest microphone in master monitor draws 30 rn.a~ 
Chest mi~rophone in modulator draws 6o m. a . 

The voltage drop across the hand set in thP. modulator tmit is 2 volt s vmil e 
the drop across the chest type is 13 volts . Both types of microphones give 
essentially the same speech quality ns near as ~ould be determined f rom 
li:Jtenlng tests. l n the interests of flexibility and ease of handling it 
is recommended that each modulator unit be provided with a hand set type of 
microphone rather than the ch est type. It i s beli eved that the hand type 
will be more convenient for the t r ans.'llitting room operator to ho.ncile . ?.fonn s 
ohould be provided for hanging up the microphone on the panel o:f the rriod-:1-
lator unit in a convenient location and further means should be provided 
t o prevent it from going adri.ft i"!l a heavy sen, or r attling around unde r 
the influence of vibration. As pr eviously stated, each modulator unit 
should be provided with such n microphone. The mi crophone power supply i n 
the modulator unit is cooplete and indepennent and does no t r equire the 
operation of the telephone power unit. 

162. Par.2 of the above cited reference contains the f ollowing s t ate­
ment. "In view of this similarity and the fact that one o:f the stat ion con­
trol units (in the case of four-channel equipment) wi ll be install ed near 
the transmitter, the additional mi crophone for local test purposes will no t 
be required". Attention i s invited to the fact that the hand set which b 
furnished as a part of the station control units i s permanent....ly connect ed 
to these units and cannot be removed . Hence, even thoug..11 a station control 
unit is locat ed nee.r the moduJ.ator unit, it will be necessary to !'~vidc 
a1ditionnl microphones" 

163. Refer ence: par.9 of ref.{~) . Two Na vy t ype receivers \Vere H8e~ 

in con.junction with the test s of the s peech i nput equipment, one Type RA.'9. 
and nne RAB-2a. The latte~ receiver contain~ a carrier operated ~utomnti ~ 
vo1ur.ie control. Satisfactory r esults were obta ined with both typ~s of re ­
ceivers. The advantnges in usfog the RAB-2a consist in the establi;:,hr.ient 
of a constant signal level ruid the pheno:nena llbfre t he presence of the 
carrier 1 owers the noise level in the r eceiver. 

161,. H.eference: page 18 of ref. (a.). The Laboratory concurs in the 
opi nion of th~ contractor that alternative no . J will prove to be t he most 
snt i ~factory solution of the problem of providing adequat e interconnection 
c11ble::; . This :provides for t h e use of a s t andard Uav-,r TPTA-.10 cables ancl 
nn additional no.6 conductor :for the erm.md ret urn. 

165. Por. 5-l to t:._ '7 focl. The 1?qUi !1)lent f urnished h so 0on;-t rncte c'l 
thet it col'l_plirs ~·rith the re1u:i.re~ents of t he s e pr,,re.gy-aphs of the s pcci-
,f".; .... , .J.~ ... _ .... 

. ,. - ·- ,. . l..,. • 
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166. Por. 5-8. The l<eyinis r elays of t.he htgh frc-<;_•1ency and inter­
mediate frequency u!1lts operate sntisfr...,:-tor lly a.t speeds UT> to 100 viorcls 
oer minute, ai:l illtrntrated in the nttached o~,.il lngr!al!ls, Piates 20 to 23 
incluE:ive . 

1 67 . Par.5-9 . A.11 indi~ator ]a.l"'!p h a s he":'ri nr0vi ileo on the trnnw1it­
t er ::,ane1 of et:.ch trans~itte:r unit i!1 act--::,'lc=.nce with the specjficr:tion 3 
and provi-sion ha s been mude for the connection of an external monito:- light:, . 
The circuit is the some as supplied vTi th the llodel TBK equipment · and ~ 
false indication may be obtained as explai.'1ed on pui:;e 21, par.115 of NRL 
Report No . &..1087 . 

168. Par. 5-10. Prom.faently marked C'-mergency switches have been sup­
plied on the panel s ·of t.Jie intermediate frequency, hi gh frequency, and 
modulator-rectifier uni ts. 

170. Par. 5-11. The curr ent required in the transmitter remote 
start-stop control circuits is approximately 0.5 ampere. 

171. Par.5-24. A suitnble source of 110 volts a.c. has been provided 
in the equipment throueh the medium o f a step-down trclllsformer in the recti­
fier unit. It was noted tha t all a .c. conwctors operate quietly. A source 
of 110 volts d.c. consisting of a full wave rectifier utilizing t~o Rectigon 
tubes is provided for the operation or relays which demand d.c. potentials. 

172. Par. 5-25. The eraergency shut dom feature is so arrenged thut 
it is impossible to re- start the equipment from any other po.int th~..n the 
locution a t which the emergency shut do'l'm was uccompl i.shed. 

173. Par. 6-3. The equipment functions Rati sfectorily when subjected 
to supply li.~e voltage varia tions between the l imit s oft 5%. 

17/,. Par. 6-4. The po~ver equif('lent or>erates satisfactorily when sub­
jected to full power key locked operation for periods of t~o 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 CYi and 3220 
watts for full pov,er 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 ns telephone equipment. These 
tables also list the poner consumed mien operating on tl,e v~rious volt.~ge 
taps of the rectifier, the power output obtained and the power required for 
the var ious individuru. circuits L11 the equij:illent. The specifico.tions have 
been complied with i n all cases and f or all types of operation. 

176. Pcr.6-41. The r ectifiers necessary for the operation of the 
equipment are contained in a single unit of the dimensions listed i n Table 
9. The modulator equipment is conu.ined in the same unit. 

177. Pars. 6- 42, 6-43, and 6-44. The individual rectifiers supplied 
in thi3 unit conform to the requir ements of these paragraphs of the speci­
fications . 
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178. Par.6-45 . The efi'i ~iency of conver s ion of the ma in plate recti­
fier, using the i n termediate £requency tr~nsmitt er as a l oad at full power 
0 ~tput uns 83.7%, ns shown in Ta ble 49. 

179. Par. 6-/,6. The vol tE..ge regulntloo of the various rectifier:: 
cocplice with the spr,cification requirei::ents , as illus t r &ted in Tah1e 50. 

1.80. Pa.r. 6-/i7. The vol u.ge rippl e content in the output of the w.r i ­
ou~ r ectifiers coreplie~ with the requirements of the specifications as il­
lustr dcd in Table 51. 

181. Par. 6-J.8. Sui table t ime delay reli1ys have been provided to per­
mit the filaments of the rect ifier t ubes to attcd.n full opera ting t empera­
ture tefore the appli cation of plate potcnticl. 

182. Pnr. t>-/49 . ;._ sui te.bl e undervol t i;.ge relay has been incorporated 
in the recti f i er Vlb i ch operates an nlerm and removes plat e voltage when the 
line volt~ge drops to a vclue too l ow for se.fe operation. 

183. Par. 6-50. A rugged 7-point tap switch has been provided on the 
pnnel of the r ectif ier unit through the medium of which it is possibl e to 
control the output voltc.ge of the mo.in plate rectifier. Table 52 lists the 
output vol tc.ges o btain~d with v&.riou~ set t ings o.f the tap switch. 'Ihe 
w.riution provided conf orms with the requirements of the specificotions. 

184. Par. 6-52. /<..11 tubes i ri the recti fier equipnent a.re accessibl e 
through a door ir: the front panel of the unit . 

185. Par. 6- 53. Suitable indic&.tir.g i nstrvoents, whose eccurac-J con­
fo:rT.n with the requirements of: the governin£ spedf i cations, have been in­
corpor ~ted in the rectifier equip:ient. Table 3/2 li~t s the meters providedv 
The o~tput voltage of the various rectifiers is read b-J means of e single 
met.er vrhich ii:; swi tchcd from one circuit to another throue;h t he medium of 
e. rugeetlly constructed tap switch. 

166. Par. f>-.54 . A so11r ce of 115 volt s d.c. bas been provided in t he 
rectifier unit. 

187. Par. 6-55. The totru. power required from the supply mains fer 
the opers.tion of this equift!!ent is less than the amount permitted by the 
governine speci rications . 

188. Pru-. 6-56. A main switch bas been provided on the panel of the 
rectti'i er equipr:icnt for r emoving power from &ll tmits. This switch com­
bines the function of switch and overload protection and should be modi­
fied to provide protection at l ower currents as described in par.50(~) 
of thi s report. A suitab~e emergency switch has been provided on the 
recti fier panel. 

189. Par. f>-58. Suitable overlon d r elayn in acc·ordrmce with the re­
qui rcmen ts of this par ngruph of the specifications have been provided in 
the rectifier unit. 

-53-



190. Par . 6-59. The rectifier tube corapurtment has been equipped 71ith 

11 ther most,c.ticnlJy controlled heating circuit. whieh prevents the temperature 
of thi;:; coe1pe.1·tment from dropping below J.5° C. Refei·ence to Table[: 16 t.o 21 
.inclus ive show that a t zero degrees C. the tube comp..rtment ,,as maintnir:ed 
at u temperature of approxiw.ately 20° vmilc in an t'Jllbient temperature cf 
500c, the t ube compe.rtrnent temperature wns betvreen 60 and 65°. 

191. Par.6-6o. The rectifier equip:1~nt is ~c desi£11ed that it way be 
in:,telled adjncent to either er both of the trnnsnitter units or as a 
seperrit e unit as required for wy pnrticuJnr installE-tion. 

192. Par.6-61. A locnl start-stop switch on the rectifier unit has 
not been actually provided, although it iE possible to start the rect.ifip.-:­
frorn the rectifier position . The means provided for doing this operate a~ 
follows. Switch S-107 on the panel of the rectifier unit provides mcm1::i 
for e.pplying the nec.essary voltages to the high frequency unit or the i.nter­
medirite frequency unit or conficing the vo1 tu~es to the rectifier 1mit, .as 
de:::cribed ir. par. 76 of this report. One po::-·tion of S-107 consists of u 
multi-contact dnt.'I! type s,·dtch. Thus when the switch i:::; thromi to recti­
fier t e s t position the rectifier i!"- autonmticaD.y started and ,,ill remain 
in operation 1.mtil switch S-107 iz moved to one of the other three po~d­
tion:o: . Al though this arrangement :::,ossesses certain comnenda.ble feature::, 
it is believed that it does not de.finitely Meet the ree;uirements of thP. 
sper!ifications, since no loc~.J. 11start-l'>t.op 11 switch is provided. It i~­
recommended that such a local s tart- stop switch be !)T<'vi<led on the panf)l 
of the r ectifier unit so that when the transrer switch S-107 is in "Recti­
fier Test" position, the operator ~rill be provided with a mean:; of turn-
inc on and off the rect :Uler w:Hh0ut the necessi~• of U1ro~ng switch S--1.8? 
to ~.not.her posi U on. A s1ii tsb] e emergen~y switch htss been provided, n r: 
previously stated. 

193. Par. 6-62. The various swi tches and controls on the rectifier 
modulator uni t are suit.ably m&rkcd ~1th t.he exce!)ti.cn of the volw.c- con­
tro,, es pointed out i n par.11,9 of this repo?·t. le 1 ist of the r!On~roh: 
provir!ed on the modulator rectifier unit Vlill be found in Tab.le 53. The 
fila~ent nStand-ByP cwitch mentioned has been provi<led so that plate po­
tentids may be av-dilable immediatel y without wai ting for the ti.me delcy 
reky t o opernt.e. Al though,_ the specifications die. not re~uire the con-­
t.rc1ctor to supply this device it. i5 considered to be a very useful ucljun.-::t, 
and should be retained. In the various ponitions of the transfer switch 
the f i 1ament stand-by switc-.h operates a s foJJows: 

Pos . 1, H.F. Trannmitt er CW-MCW: Control ::: the rectifier 
ru e.nen ts. 

Pas. 2, H.F. Tronsmitter, Phone: Controls tbe rect.ifiP-r 
and modulator filar.ient~. 

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

Pos. /4, Intermedicte frequency transmitter: Controln the 
rectifier f i l ru:;ents. 



19/.. Pnr.6-65. Suitable inrc:uhit.ec:l hund r£Lils hu.ve> been !)rovidcrl on 
tM rei:-t.ifier moduJ atl)r '.:nit .• ~ee pnr. 126 of thi::: rP.port for- ti de~cri:-,­
tiC'r' <>f t.hese hund rnil::;. 

195- Pnr.6-66. The equip:ient llS furnishscl comr>Ues with tbc requi.r,-,. 
ment.f: M' outl in::;r! ir. this paragraph of the f\pcclfica t icns ir. O!"der to pro­
vide for a1ternatc operation of the high frequercy and intermedfr:.te fre­
C:llenc;' ,.mi ts and to pro•.d de for voi~e operation of the high frequency unit , 

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

201. &ection VIIJ. The bidders descript ive specificaticns, refs.(e) 
and (f) comply with the requirements of this section of the governing 
spdicat.ions. 

202. Section IX. The instructions furnished with the preliminary 
model were conplete and adequate for placing the equip:ient into operation. 
In this connectlcn it is pointed out that the contra.ctor .furnished n 
complete set of inter-connection cables, properly marked, ror the entire 
equipnent. 'Ibis additional service is of grent value since it greatly 
silr.pli.fies the work of placing the equipnent into opero.tion, reduces the 
possibilities of ms.king errors in the initial set-up and effects a con­
siderable savir..g in the cost of conducting the tests. It would appear 
desirable that in future contracts involving the test of preliminary 
models, the.t the contract be so worded as to require .the contractor to 
furni~h a complete set of interconnection cables for the period of the 
teet, the cables to remain the property of the contractor and to be re­
turned to him at the completion of the tests. Since it is necessary for 
the mi:.nufncturer to provide these cables in order to conduct his Olm 

tests, this additionnl requirement should not involve a material increase 
in cost c.nd will effect a considerable saving to the Navy. 

203~ Se~ticn X. The material covered by this section of the speci­
fications hes been discussed in detail under the preceding sections of 
the SpAdfications. In conformity with the authori ty contained in 
par.10- 8 the following additional tests were conducted. 

201~. Each phe.se of the 440 volt supply wa.s grounded, one t.fter the 
other, to determine whctber su.ch grounds influenced the emitted signal 
of the transmi tter or interferred with operation in any respect. No 
effects, whateve~, could be noted vmen such direct grounds were appl ied 
to the power supply lines. 

205. RAA and RAB receivers were set up adjacent to the rectifier 
equipnent to determine whether the rectifier tubes or any of the a . c. 
oper~ted equipnent created interference ir. the receivers. As in pre­
vicuo tests of this nature, some interference wus detected at frequen­
cies below 50 kilocycles, when the antenna l ead was brought very close 
to the rectifier equipnent and the gain control of the receiver was ad­
justed to higher thun the usunl sensit;vicy. It is believed that this 
tyPe of interference will ho.ve no ill effect upon r eceivers operating 
under normal conditions. 



206. Bur~.u of 4lgineeri.ne J:=;t ondor~er-,ent, NOs- 38611. (5- 31- t'/8) of 
1 '! Juna 1935 rec:t:c:: ~ ~r.1 the Lc.borntory to col'.lment on the various pointr: 
cited j,n ref. (1) . These po.in ts w-e disGU::-!oec1, item t:y it-em, in the fo:.-
10,..iir.g pare.graphs of' this report. Reference ir- ni:.de to tile pars.grl',ph 
nunbcrs of the Inspector's letter. 

207. 2 --l. D1e new t ype of li.ftinq <1evice refP.rred to is a distinct. 
improveoent over the forcer tyy,e end approval for its use should be granted. 

2-2. The ccEt aluninum panels and doorR provided on t.rie p:rc­
litninCl"'J ~ode] are excel~ent in appec.rruice .md are strong c.nd rugged. t p­
rro'\'nl f or ..:se of this type of constructicn should be granted. 

2- J. The type ·of wire supplied in the I.F. unit ic satis­
fnctor'J and approval for its use in the entire equipt!!ent is recommended. 

2-4. No cor.u:ient. 

2-5. Certain itens in the preliminary I!l'>del were not supplied 
with type number designntions. As explained, type nur.tbers will be pro­
vided in the production equipment. 

2-6. It i s recommended that suitable mercury thermometerc be 
provided for indicating the t ecperaturc of the muster oscillntor compart­
ment. During previous tests of various types of equipments it wns often 
noted that the reading of the thermometer was influenced by the fillbient 
temperat ure. As commented on by the Inspec7,0r end ths contrs.ctor-, this 
was not en indicaticn that the temperature within the compartJnent had 
chmiged radically, since the frequency measurements indicated that the 
cabinet tel?lperuture muot have remained substentiF.lly constMt. In order 
to Livoid stem effects and yet mnke provi£i0n t(} hsve the thermometer proper­
ly protected age.inst physir~l damage end to provide a convenient location 
for the gradue.ted portion of the instruoent, undue cortplicf!.tionc ~·:oul d 
result. It would appee.r revsonable to con:.ic:ler the thermometer o::. an 
ind5.cnting ins truoent the purpose of mich waE · to inform the operator thn.t 
the heo.t er syster.i of the l'!!nster compartment -was f unctionine and that no 
undue importance should be attached to minor vaxiations in the readings. 

208. 4-1. The same type of lifting eyes will be suitable for th~ 
rectifier unit. 

4- 2. The tests conducted with th.ii=: equipment have indieated 
thr.t the substHutfon of 38056 tubes in ph.ce of 38110 tubes in the first 
st&ge of the audio system is entirely satisfactory. D.i:::;to:-tion meE:..sure­
ments , the determinetion of frequency chnrncteri~tics, noise level fileosurc­
ments end power output tests indicate that the 38056 are adequate for the 
purpose intended. J~s pointed out prcviouoly, the ;-8056 wi.11 effect 
economy in first cost and rep] !ccer.tents. It is recoI!llllended that apprc-v-d 
be grc.nt ed for the use of ~8056 tubes in thi~ loc~ticn. 
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4-3. It is recO!l11llended that approval be Cl'E.nte<i to increase the 
time or opcraticn of the voi~e rel~y at -25 db level from 0.015 second to 
o.030 second. As pointed out in the discussion under p..u-.155-A of t.~i~ 
report it i~ believed thnt. due to the noi.r;c levels enco1,ntered on vessels 
in the Navy that it will be f'ound imprnctlcablc to operate the vofoe rele.y 
et 111rudmum sensitivity. 

4-4. The distortion o.nd frequency chnracteristic curves sub­
mitted with the type test data are in close agreement with the date. ob­
tained during the tests at the Navel Reseorch · Lnboratory. Attention is in­
vited to the f£ct Uiat these curves represent the chnra~teristics of the 
circuits contained in the modulator- rectifier and high frequen~y transmit­
ter unit.s. P. large varietion between this data end data obtained vihen the 
master monitor i.mit wus included in the test circuit vms obtained a~ il­
lustrated in the ple.tes cttacbed to this report. 

4-5. Table 50 nppended to this report shows tha.t the measure­
ments made at the Naval Research Laboratory determined the voltage regu­
lation _of the ma.in plate rectifier to be 5.~%. '!his slight increase above 
the specification vt::lue might well be ~ttributed to observationnl errors. 
In this com1ection it is interesting to note that the voltage regulation 
of s. rectifier is influenced by the wavo shape 0£ the primary voltage. 
'lbe regule.tion of this rectifier was studied when operating on two differ­
ent sources. The source which had a wave fom very closely approaching a 
true sine wave gave the regulation figure of 5 • .(%. Another source, ~hie.",. 
under certain conditions of operation apparently hnd a wave form contain­
ing sar. tooth characteristics gave a regul~tion figure of approximately 
7%. It would appear unjustified to hold the fi1 ter syztem of a rectifier 
responsible f'or the vagnries &nd di~crepancies existing in the source of 
supply. In the opinion of the Laborc.tory the rectifiers as supplied are 
suit<ble for the purpose intended and essentially meet the requirroents 
of the specifications. 

4-6. Recommend approval. 

4-7 and 4- 8. Recommend approvtl. 

4-9. Agree with the comr.ientE- of the Inspector. 

209. 5-1. /1.11 terminal mf'..rkincs and me.rkings on the various conrio­
nent units should be made in a perm&ne:nt mrumer. The recol!lrnendations o:f 
the Inspector should be complied with. 

5-2. The thickness of the door catches should be increased 
to provicie additional strength as r ec011llnended by the Inspector. In 
addition, attention is invited to the COl!llllents in par.LO of this report. 

5-J. The Laboratory has consistently recorunended that the 
idcntifyine syr.1bols of the various units should be placed near rather 
than on~ replaceable pa.rt and agrees with the recommendetion of the 
Inspector in this respect. 



221. Sub-par.J(k). The frequenc-J of the audio oscillator was measured 
before nnd nf ter n two hour key locked run nnd no npprecinble differencP. 
was noted. Table 37 tabulates the percentage of positive and negative 
peaks noted. In some .instances the value of the negative peaks exceeded 
100%, or, since it is not ponsible to actually obtain nore thnn 100% nega­
tive peaks, it should be stated that the voltage renched zero level end 
remained at zero for a considerable portio~ of the negative half ~zcle. 
This over- modulation, if sufficiently great, might tend to reduce the 
p0wer somewhat on the desired frequency due to the generation of harmonics. 
Ho,rever, since the purpose of the UCW method of operation is to produce a 
broad signal for emergency purposes it is believed that tho equipnent as 
subnitted is satisfactor</. A slight reduction in the modulating voltage 
could be made, if desired, to prevent serious over-modulation. 

222. Sub--par.3(1). 'lbe type of equipnent used and the methods em­
·ployod are l i sted under the section of this report headed "Method of Test" 
and under "Probable Errors in Results". Additional information is cO?tained 
in the plates presenting the frequency characteristics obtained under vari­
ous conditions of operstion, 

22.3. Ref.(q) forwarded comments from the Westinghouse Electric and 
Manufacturine C-ompany and the Inspector of Na.val Material, Hartford, in 
connection with proposed changes in the construction of the rotor spacers 
in t.'le intermediate frequency unit antenna variometer and in the insulators 
employed on the P.A. coil. It is _recommended that the rotor spe.cers 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 lsolantite and have proved satisfactory. 

224. A summary of the defects noted and such items as do not co::nply 
wit.>i the requirements of the governing specifications, together with sug­
gested changes which it is believed will improve the performance of the 
?.todel TBN-2 equipment, are listed below. The numerals enclosed in poren­
theses refer to the paragraph of this report under \Vhich these items are 
discussed in det:lll. 

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

( b} ( 36) Two 38056 vacuum tubes are employed in the audio 
8l!lplifier; specifications call for 38110 tubes. 

(c} (40) Front panel of master monitor unit should be 
strengthened; ~ore secure mer.ns for festening 
front panel should be provided. 

(d) (41) Additional doors recommended on sides of tele­
phone power unit; 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. 



(f) (43) Stownge space for microphone and head set 
reco.:nmended in stati on extension unit. 

(g) (46) Certain items not proof agninst corrosion. 

(h) (47) Steel parts are used in the con~truction 
of the speech input equipnent. 

(i) (48) l,licalex supporting strips in antenna tun­
ing inductance of l.F. unit are split; 
bakelite has been used to insulate poten­
t ials in excess of 500 vol ts i.>t H.F. unit. 

(j) (50) "Deion" breaker does not provide adequate 
protection; overload relays in I.F. unit 
could not be adjus ted to operate properly; 
use of oil in dash pot relays should be 
clearly described in inst ructio~s. 

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

(1) (54-a) Power amplifier plate choke 1n H.F. unit 
overheated. 

(m) (54-b) Audio oscillator circuit 1n I.F. unit 
overheated; power amplifier plate choke 
in I.F. unit overheated. 

(n) (58-c) Fuse in te1ephone power unit open circuited 
due to vibration. 

(o) (61 and 149) Volume control on modulator unit 
should be supplied with a din.lend 
pointer, 

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

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

(r) (81-n) Sequence or control markings on I.F. unit 
should be modi.fled; provide stop on Control 
"F" of l.Fo 1.mit. 

(s} (82) Calibration curd on H.F. unit hus provision 
fo~ only 10 frequencies. 

{t) (96) Frequency tolerance exceeded nt 1000 kilo­
cycles ond 2000 kilocycles. 
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(u) (97} Cocpensating condenser in H.F. lmit requires 
investigation; grounding strip should be more 
fl exible on ~aster oscillator co~partment. 

(v) (111) Po~er output of I.F. unit at 300 and 500 kilo­
cycles deficient in low resistnnce antennas. 

(w) (115) FrequenC".{ per division of oarking of I.F. 
master oscillator dial does not conform with 
specifications. (No chanee recommended.) 

(x) (126) Height of band rails above deck should be 
unif'orm on all units. 

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

( z) (129- d) Audio frequency level changes wit.~ addition 
of microphones . 

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

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

(cc) (133-15) Recommend high frequenC"J buzzers in place 
of the low frequenCJ· bu=zers now supplied. 

(dd) (133-16) Desk stand in place of hook is r ecOl?llllended 
£or master monitor tmit combination hand set. 

(ee) (133-17) Dinensions of master monitor unit exceed 
specification limit s . 

(f f) (137) Recommend cancelling requi=e:nent stating that 
door of stat~on control unit shall be held 
in horizontal position. 

{gg) (138-.3) Simultaneous operation of more than one 
selector control gives rise to "cross talk 11 

et station ext ension units. 

(hh) (142 and 14.3) frequency characteris t ic of speec."'1 
input equi~ent does not com.ply ,tlth flat­
noss of response required by specifications. 

(ii) (148) Recommend improvement in microphone circuits. 

(jj) (150 and 151 ) Modulation meter inoperative whe.'1 
received; second meter s ticks; third meter 
fail.ed due to overload; P.A. t ank condenser 
in H.F. U.l'lit arcs over on voice operation. 



(kk) (l 5l-J 5,:; .g) RP..spon~~ of speech rel e.;: at -25 db 
not in a~cordan~e wi t h ~prcificnti ~n$. 

(11) (159) Gheng~s in marking ond cont r ol designations 
recommem!erJ o., s tation control :.mt t , suit i r.m 
exten~ion units and master mo:iit~r tmit . 

(~) (16o par. Ij Adjustment of fri ction l ockr,1 for hol d­
bg doors of station control units fa vertfoal 
position ~hen open should be improved. 

(no) (161 and 162) Hand type mi cr ophone unit recommended 
for each modulator unit together with means 
for securing same when not in us e . 

(oo) (192) No separate "start-stop" switch provided on 
-rectif'ier modulatQr unit. 

(pp) (206 to 222 inclusive) The recommendations and 
suggestions of the I nspector of Navul ltateritl, 
Bartford,.as approved in these paragraphs , 
should be conplied with. 

CONCLUSIONS 

225. The external appearence of the equi}lllent is excellent; the con­
trols nre rugged and well l ocated and the accessi bi l i ty provided i ~ n~ 
great as the limiting conditions permit. !he int ernal wlrir,g i.s o-rderly 
and of good quality, securely held in ple.ce and protected where necessnry. 
The component !)<."l.rts cOlllprising the var ious assembli es a.re srrnnced mid 
1.o'-'nted with n view of effecting economy in ap::.ce, orderly appea-nnce cno 
yet, permit ao greet e.ccesaibiliey for s ervicing ope.ration~ EIS poscib7.e. 
Tn e:enerel, the asseciblic:a; re:f'.lect engineering skill, good desi.~. r.ood 
workmanship!' and ef.forts to comply with the require::tent s of Nev:-r Specificn • 
ti.om:. 

226. Both transmitting 1.mito produce the requir ed amount, or more 
thun the required_power outpu-t, except in the region of .300 to 500 kilo­
C-Jcles, when employing the restri cted antenna constants required by Nav;.r 
conditions. The tuning adjustments are simple and di rect a."ld flexibl e 
a.'ltennn coupling circuits have been provided. 

227: No major operational failures occurred during the course of 
extensive tests. Ccrtnin difficulties were encom t ered fr om which it i s 
concluded that further attenticn i s requirAd to pr ovide n power ampl i fier 
choke .for the intermedu;.te .frequency tmit which will withs tand continuous 
operation at all frequencies within the r ange of the t ransmit t er without 
overheating and that the design of tho 800 cycle audio oscillator cir cuit. 
i n the inte.rmediute frequency unit should be emended to prevent over­
heating. 
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2:28. Vlit.h respr>ct to the s~·ech input eq_uip:zent ,:nd voice opcrr.t.icn 
thP, t.e:n,~ f\howed thnt. the microµhon~ cir<?ui ts require certeJn modi:fl cP.ticn.s 
if rr.ore natural and desirable qunl i tics of speech are to be retake~. 't'hc 
present circuits produce understandnble speech but a distinct difference 
i!l noted between the microphone circuits supplied in the modult?.tor unit 
and the microphone circuits incorporated in the m~ter nonitor, staticn 
control and ste.ti.on extension tmits~ the former circuit. producin? the _ 
better quality. 1.be results of tests indicate that the carbon button type 
of microphone is more suitable for use with thi::: e'11drment than t.he sot.:nd 
p0uer type of microphone. 

229. The modulatfon meters provided for monitor:ing the equlpnent are 
c~pable of accurate indications but are subject to fc.ilure from severcl 
causes. These conditions must be overcome before the modulution meter c .. m. 
be considered satisfactory for service use. In addition, precautions mu;;t 
be taken and means provided to prevent arc overs occu..-ring witiiil". the trans-• 
roitter when high level modul~tion is being used. 

230. The speech input circuit~ have been provided with exceeci.ngly 
flexibl e controls which appear adequate for copine mth all normal condi­
tions of operation. Preceutions must be observed, however, that reason­
able voice levels are maintained at the various point8 of control since 
mo-;:-e than one operator may be employing the same speech channel; that the 
microphones are not subjected to prohibitive noise levels, pr..rticularly 
when voice control of the carrier is being used and that cl.I operatore 
and observers endeavor to adjust themselves to the levels of speech ~no 
hearing set by the ma.Rter control operator in order to minimize tl1c di.f­
ficulties resulting from the veriotions between individual charecteri~­
tics of speech and hearing. 

231. From observing the operation of this type: of ec;_ui:pment, it i.r: 
evident that certain methods of operation md ?Olicy which are not n~ces­
sury in connection trith CW operation will have to be formulated end ob-­
served in order to me.intein the equipncnt at a hieh state of efficiency. 
Abnormal overloading of circuits must be avoided, proper reodulction 
~evels must be maintained, power output reduction should not be accomplish­
ed by reducing the potentic.l:; npplied to the tubes and the variouc vacuu.TJ 
tubes employed in connection with voice operation cannot be used until the· 
1nr:t bit of life has been extracted from them, if high t1uality O.!)RrHt.ion 
fo to be realized. 

232. A number of changes, modifications, and corrections are indi­
cated in order to provide greater safety factors, improve operation of 
the equipment and to effect greuter ease in handling by the op~ratin~ 
personnel. 

233. The fact that the equipnent successfully ,7ithstood extensive. 
tests over a period of several months v1herein it was subj~cted to the 
diffieult conditions encountered on board Navd vessels, as nearl y ~s 
Laboratory conditions would permit, including numerous overload tests, 
locked key operation at full power for periods e.s 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 
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hir.h r.nmiciity wherein the equip:tent was actually saturated fo:- SPVeral 
ho~rs, indice.tes thnt the apparatus ifl well designed, well const ructed, 
<'~rid po:,sesses liberal safe-cy .fscto::·s mieh should i.nsurc relit.ble opera­
tion in the Naval Service. 
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'Tim~ 

2:.30 
2:45 
3:00 
J:15 
3: 30 
3:45 
4:00 
4:15 
4:30 

TABLE l 

Model TBN-2 Transmi tter (PrelL11inary Model) 

High Frequency Telephone Unit 

2 HOUR LOCKED KEY ENDURANCE TF.ST, 100% MODULATION, 2000 KC 
AT FULL POWER OUTPUT. 

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

Mod. Mod. Modulator 
Percent Input Amp. Inter.Amp. Ip RF P.A. Plate 

Mod. Ip Ip _ffL .JIL Ip Volts 

100 9.0 150 118 108 270 2650 
99 9.0 150 118 106 270 2650 
99 9.0 150 117 105 270 2660 
98 9.0 149 116 104 270 2650 
98 9.0 148 116 104 268 2650 
98 9.0 148 116 104 269 266o 
97 9.0 i 49 116 104 270 2660 
96 8 . 7 148 114 103 265 2620 
98 8.8 149 117 105 268 2660 

Ant. 
_I_ 

8.5 
8.5 
8.5 
8.5 
8.4 
8.4 
8.4 
8.J 
8.4 

. Post trial inspection showed no si gns of damage or overheating. 

TABLE 2 

Model TBN-2 Transmitter (Preliminary Model) 

High Frequency Unit 

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

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

Antenna P.A. Aud.Osc. Percent Mod. Watts Temp. of 
Time Ourrent ~ Ip Neg. ~- MCW Aud. Trsf. 

0915 8.1 26o 48 77 12 394 40 
0930 8.1 262 48 '71 12 394 45 
0945 8.1 260 48 7 5 12 384 51 
1000 8.0 262 50 75 12 384 55.5 
1015 8.0 262 50 75 12 384 60 
1030 8.0 261 50 74 11 384 62 
1045 8.0 261 50 74 11 384 64 
lloo 8.0 261 50 74 11 .384 65 
1115 8 .0 261 50 74 11 384 65. 5 
Antenna resistance: 6 ohms Plate voltage: 3000 
Post tri al inspection showed no signs of overheating in the equipment. 



TABLE 3 

Model TBN- 2 Tr6.nsmi tter (Preliminary Model) 

Intermediate .Frequency Unit 

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

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

Ambient Fr equency Antenna Plate Plate Line 
Time ---- Temp. C. Kilocycles Current Volts Current Volts 

1020 26.8 JOO. 541 9.1 2220 420 440 
JO 26.8 9 .1 2230 420 440 
40 27. 2 .555 9.1 2230 410 440 
50 n .2 9.1 2220 410 440 

1100 71.7 -598 9 .1 2230 410 440 
10 27.6 9 .1 2230 410 440 
20 28.0 .599 9 .1 2230 410 440 
JO 28.0 9 .1 2230 410 440 
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 . 571 9.20 2250 410 442 

Maximum frequency change : 60 cycles; 0.02%. 

Post trial inspecti on showed that capacitor C-13 was extremely hot and 
that the audio transformer exuded wax. 
former rose to 105° Centigrade. 

The temperature of this trans-

(Antenna resistance: 5 ohms) 



TABLE 4 

Model TBN-2 F,quipment (Preliminary Model ) 

Intermediate Frequency Unit 

2 HOUR LOCKED KEY RUN AT JOO KC, CW, FULL POWER, 

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

Ambient Frequency Antenna Plate Plate Line 
Tir.ie TemE• C. Kiloc;y:cles Current ~ Current Volts -
1320 27.8 300.630 12.65 2210 690 442 

JO 28. 2 . 568 12.75 2220 700 442 
40 29.0 .560 12.75 2220 700 442 
50 29.5 . 567 12.75 2220 700 442 

:;1400 29.5 .600 12.75 2220 690 442 
10 30.0 .556 12.75 2220 700 442 
20 30.2 .565 12.75 2220 700 442 
30 J0.6 .555 12.75 2220 690 442 
40 J0.6 . 582 12.75 2220 690 442 
50 30.8 .598 12, 70 2220 680 442 

1500 J0.8 .555 12.75 2220 700 442 
10 J0.8 • 550 12.70 2220 700 442 
20 J0,9 • 551 12.70 2220 700 442 

Maximum frequency change: 80 cycles; 0.027%. 

·J>ost trial inspection showed no signs of overheating. 

(Antenna resistance 5 ohms). 



. ~ 
: 1350 
. 1400 

10 
20 
30 
40 
50 

1500 
10 
20 
JO 
40 
50 

TABLE 5 

Model TBN- 2 Transraitter (Preliminary Model) 

Intermediate Frequency Unit 

2 HOUR LOCKED KEY RUN AT 500 KC, CW, FULL POWER. 

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

Ambient Frequency Antenna Plate Plate Line 
Temp. C. Kilocycles Current Volts Current YQll&. 

27.2 500.402 12. 5 2200 660 438 
27.4 .JSO 12.5 2200 660 438 
27. 8 .380 12.6 2230 660 440 
28.0 -350 12.6 2220 660 440 
28.0 .J50 12.6 2220 660 440 
28.0 .348 12.7 2230 660 441 
28.J .356 12.7 2220 660 441 
28.4 .350 12.7 2220 660 441 
27.8 .351 12.7 2220 66o 442 
28.0 .360 12-. 7 2220 660 442 
28.5 .357 12.7 2220 660 442 
28 . 2 ,368 12.7 2220 660 442 
28.0 ,380 12.7 2220 660 442 

Maximum 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 subst itution an increase in 
efficiency was noted at 500 KC. An ex8.lllination o-f' the coil 
which was removed revealed poor insulation on the wire, 
L--1.dicating that shorted turns may have existed. 

After the above test i t was noted tb&t the largest coil in 
the P.A. choke was much hotter th::m the other two coils, 
which may ind~cate shorted turns. 

Original coil: 740 M.A. plate current gave 764 watts output. 
Replacei:ient coil: 680 M.A. plate current gave 820 watts output. 

(Antenna resistance: 5,05 ohms. ) 



T!iBLE 6 

Model TBN-2 Transmitter (Preliminnry Model) 

Intermediate Frequency Unit 

2 HOUR LOCKED KEY' RUN AT 2000 KC, CW, FULL POWSR. 

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 

0900 2.3.2 2000. $65 16. 0 2190 990 440 
10 2.3. 2 . 623 16.05 2190 1000 440 
20 24.1 . 762 16.1 2200 1000 440 
J(}it 24. 2 .835 14.2 2220 720 440 
40 24.2 . 931 14. 2 2220 720 440 
50 24. 2 2001.030 14.2 2220 720 440 

1000 24.0 .100 14.2 2220 720 441 
10 24. 7 .150 14. 2 2220 720 441 
20 24.8 . 200 14.25 2220 720 443 
.30 24.8 .240 14.25 2230 720 443 
40 ~5- 3 .250 14.25 2230 720 443 
50 25.6 .275 14.25 2230 720 444 

1100 26.0 .350 14.25 2230 720 444 

Mrudmum frequency drift: 727 cycles, 0.036%. 

* Note: Power output r educed to 1200 watts. 
Ant enna r esistEi.nce: 6 ohms. 

Post trial inspection revealed no se~ious overheating. 



TABLE 7 

~odel TBN-2 Transmitter (Prelimin&ry Moael) 

Intermediate Frequency Unit 

.ANTENUA SHORT CIRCUITED AND OPEN CIRCUITED. 

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

Frequency Plate P. A. Antenna. 
Kilocycles Antenna Volts -12.._ Current 

2000 Normal 2220 940 
2000 Shorted 2150 1250 
2000 Open 2200 1000 

(Tube very hot on shorted and open) 

1000 Normal 2230 600 
1000 Shorted 2200 900 
1000 Open 2200 940 

(Tube hot) 

500 Normal 2220 740 
· 500 Shorted 2280 310 
500 Open 

{Tube OK) 
2280 320 

TABLE 8 

Model TBN-2 Transmitter (Preliminary Model) 

TABLE OF WEIGHTS. 

Data as per paragraph 2-32 of Specifications RE 13A 497A 

Weif..bt 

Intermediate Frequency Unit 
High Frequency Unit 
Modulator Rectifier Unit 

Master Monitor Unit 
Telephone Power Unit 
Station Control Unit 
Station Extension Unit 

Total 

626 pounds 
748 n 

lill. II 

2820 pounds 

125 potmds 
180 II 

40.s" 
20.5" 

16.0 
0 
0 

13.7 
0 
0 

12.3 
0 
0 

Totu.l weight of one Master Monitor Unit, one Telephone Power Unit, five 
St~tion Control Units o.nd sixteen Station Extension Units, exclusive 
of conne~ting cables, microphones and headsets: 835-5 pounds. 



TABLE 9 

Model TBN-2 Transmitter (Preliminary Model) 

LIST OF D~SIONS. 

Unit 

'.intermedi ate .Frequency Unit 
Height -
Width -
Depth -

,High Frequency Unit 
.. Height -

Width -
Depth -

·uodula tor Rectifier Unit 
Height -
Width - (See note) 
Depth -

Master Monitor Unit 
Height -
Width -
Depth -

Telephone Power .Unit 
Height -
Widt h -
Depth . -

Station Control Unit 
Height, closed -
Hei ght, open 
Width 
Depth 

Station Extension Unit 
Height, closed -
Height, open 
Width 
Depth 

Actual Actual 
Specification Dimensions Overall 
Reouir ements of Frame Dimensions 

72 in. 71-1/2 in. 71- 3/4 in. 
32 30-3/4 31-7/8 
24 20-1/2 24-1/4 

72 71- 3/4 71-7/8 
32 31 32 
24 20-7/8 24- 3/8 

72 71-1/2 71-3/4 
32 36--3/4 38 
24 20-1/2 24-1/2 

20 20-1/4 
24 24-1/2 
16 18 

20-1/2 
24 
16-1/2 

22 
43 
10 

8-3/4 

15-1/2 
30-1/4 
9 
8-3/4 

Note: Increase in width of moclulator unit from 32 inches to 3B inches 
author ized by Bureau of Supplies and Accounts letter NOs- 38614(SPM) 
of 31 December 1934 to contractor. 



Control 
:Designation 

J.. 
B 
C 
D 
E 
F 
G 
H 
J 
K 

TABLE 10 

Model TBN- 2 Tr &.~smitter (PrelimlnHTy Uodel) 

lntennediat e Frequency Unit 

LIST OF CONTROLS FOR OPERATION OF IlJTER:IBDI.ATE 
.FREQUENCY UNIT. 

Purpose 

Master oscillator tuning. 
Master oscillator range switch, 10 s teps. 
Range selector, 6 steps. 
Intermediate amplifier ttming. 
Power amplifier tuning. 
Antenna coupling, coarse, 8 s t eps. 
Antenne. tap switch, 9 steps, interlocked. 
Antenna tuning inductance (blackj . 
Antenna tuning inductance (red). 
Antenna coupling, f ine, 6 steps . 

CW-MCW srl tch. 
Adjus t-tune-operate switch, interlocked. 
Filament rheostat. 
Local- remote switch. 
Start- stop switch. 
&ergency switch. 
Test key. 
Plate overload. reset. 



Control 

A 
B 
C 
D 
E 
F 
G 
H 
J 
K 

TABLE 11 

Model TBN- 2 Transmitter (Preliminary Model) 

Intermediate Frequency Unit 

LIST OF COUTROLS ON INTERMEDIATE FREQUENCY UNIT. 

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

As Furnished 

Master oscillator tuning. 
Master oscillator range switch. 
Range selector. 
Intermedi~te amplifier tuning. 
Power amplifier t uning. 
.Antenna coupling (coarse). 

Suggested 

Master oscillator tuning. 
Master oscillator range switch. 
Range selector. 
Intermediate amplifier tuning. 
Power amplifier tuning. 
Antenn~ coupling (coarse). 
Antennn coupling (fine). Antenna tap switch. 

Antenna tuning inductance 
.Antenna tuning inductance 
An tennu coupling (fine) • 

(b1£..ck). Antennt:1 t&p switch. 
(red). Anteon& tuning inductunce (black) • 

Antenna tuning inductance (red). 

The above rearrangement of letters is suggested in order to make the 
sequence of letters agree with the order in which the circuits i;.re noronlly 
tuned. 



TABLE 12 

Model TBN- 2 Transmitter (Prelimimtry Model) 

High Frequency Unit 

LIST OF CONTROLS ON HI GH FREQUENCY UNIT. 

Data as per pu-ugraph 3-16 of Specifications RE 13A 497A. 

Control 
Designa tior. 

P. 
B 
C 
D 
E 
F 
G 
R 
J 
K 
j, 
M 

Purpof:e 

Master oscillator range switch. 
Master oscill~tor t uning. 
Doubl er grid tuning. 
Doubler pl ate t uning. 
Intermedi ate c.mplifier tuning. 
Power amplifier tuni ng . 
Antenno feed (volt~~e-current). 
Antenna coupling. 
Antenna tuning cnp~citor. 
Antennb tvni r.e; inductt,nce. 
Frequency r ange swi tch. 
Power c.mplifier grid coupling. 

Test key, 2 pociti on, toggle. 
L!a.ster oscillc..tor fil&m.ent stund-by, toggle. 
Stl!rt-etop switch, toggle. 
Remote- lo~al switch, togele. 
Tune · operate sw~ tch, 3 position, rota·,✓• 

Elnergency Sid t ch, t.o,sgle. 
C'i\'- MCW sTii tch, 2 pofd tion, rot&ry. 
Low- high power switch , 2 position, rotary. 
Fi lament rheo$t&t. 
Overlo&d r elay r eset button. 



TABLllr lJ 

Model TBN-2 Transml t.f:.er (Prelimincry Jfodel) 

Intermediate Frequency Unit 

fRE~UENCY CHANGE DUE TO OPERATION OF n;,o.rr.r~'l'- TUNE--OPERATE11 SWITCH. 

Test f..S per pt:?'8.gl'b.!1h 3-19 of Spccifi,.,,F-.tfon: RE 13/i 497A. 

Switch Posit.ion 1 - Adjust 
Switch Poc!tion 2 - Tune 
Swi tc.-h Positi on 3 - Operf, te 

Swi t ch Frequency Beat Mmcimum Freauency Change 
PoBition Kilocycle:= Note Cyclee Per cent --

l 300 810 
2 300 712 
3 300 630 180 0.06o 

l 400 935 
2 400 885 
3 400 840 95 0.024 

1 500 915 
2 500 827 
3 500 7€:AJ 155 0.0.31 

l 600 900 
. 2 600 810 

3 600 684 216 0.036 

l 700 864 
-2 700 750 

- 3 700 620 244 0.035 

l 800 815 
2 800 700 
) 800 590 225 0.028 

1 900 11+5 
2 900 660 
3 900 eiso 165 0.021 

1 1000 850 
2 1000 775 
3 1000 725 125 0.012 

l 1250 650 
2 1250 590 
3 1250 51~0 110 0.009 

( Continued ) 



TABLE 13 (Continued ) 

S;vi t el-, Frequency Bent ;~?:"Jmurn Fregucnc:,r Ch::.n~'e 

~ Kiloc;yclc1: Note Cycles_ Percent 

1 1500 500 
,.. 1500 485 "-
'J 1500 475 25 0.0017 
/ 

1 2000 550 
2 2000 508 
3 2000 460 90 0 . 0045 

TABLE 14 

Model TBN-2 Transmitter (Prelilr.in&ry Model) 

Intermedi~te Frequency Unit 

RESET ACCURACY. 

Test as per paragr&pb 3- 24- 2 of SpecificationG RE 13A 497A. 

Trial .Frequency Time Deviat ion in FreguenCI 

~ Kilocycle s Seconds Cy:cleEi Percent 

Originnl 500. 580 
1 .635 75 + 55 0 . 0109 
2 .655 55 + 75 0.0129 
3 .660 55 + 80 0 . 0160 

4 .690 53 +110 0.0218 
5 .618 54 + 38 0.0076 

AverD.ge: + 71.6 0 . 01.0 

Original 1000. 720 
1 .830 40 +110 0.0110 
2 .830 50 +llO 0.0110 
3 .828 48 +108 0.0108 
4 .845 45 +125 0 . 0125 
5 .875 43 +155 0 . 0155 

Average: +121.6 0 . 0121 

Original 2000.800 
1 .81,0 48 + 40 0.0020 
2 .830 38 + 30 0.0015 
3 .825 33 + 25 0.0012 
4 .960 40 +160 0 . 0080 

5 .930 38 +130 0.0065 

Average: + 77 0 .0038 



TJ..Bl,§_12. 

Model TBN-2 Trnnsmi tter (Prelirninnry Lfodel) 

Intermedi~te Frequency Unit 

TEST FOR LOST MOTION AND BACK LASH. 

Frequency when Frequency when 
cppro~ching setting approaching settine 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 

Average: 426 

lOOJ..000 1001.690 690 
.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 

Averr,.ge: 621 



TABLE 16 

Model TBN-2 Transmitter (Prelimin£ry Model) 

lntermediute Frequency Uni t 

EFFECT OF CliANGE rn J..lIBH:NT TEMPERATURE; 500 KC, FULL POWER. 

Test as per pnruir&ph 3-24-3 of SpecifiC£.tions RE 13A 497A. 

.Ambient Temp • % Pr • .Amp • 
Temp. .Frequency Rect. Relati ve Plate Line 

~ime oc. Kcs. Comp't. Humidi ty Current Volts -
09]0 25.0 500.M~ 42.0 0.96 436 

20 24.5 .465 42.0 58 0.95 437 
30 24.8 -472 /~.8 54 0.96 436 
40 24.0 .477 40.8 65 0.98 435 
50 25.8 .468 40.5 66 0.98 435 

1000 25.0 .485 40.2 62 0.98 435 
10 25.3 .482 40.1 62 0.98 435 

:1020 )0. 0 500.484 4.3.0 61 0.98 445 
30 29.5 .480 4.3 • .3 61 0.98 445 
40 30.0 .476 40 .0 61 0.98 444 
50 30.5 .476 43.8 59 0.98 444 

1100 29.8 ,481 44.0 58 0.98 444 
10 29.5 .482 43.5 61 0.98 444 
20 29.6 .485 43.5 61 0.98 444 

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 .475 47.0 57 0. 98 444 

1200 34- 5 -474 47.0 52 0.98 444 
10 34.5 .465 47.0 68 0.98 444 
20 36.0 .323* 48.0 85* 0.98 444 
30 35.0 .451 48.0 57 0.98 444 

* Large change in frequency .undoubtedly duo to lc.rge change 
in rel~tive humidity. 

Difference ir. ambient temper&turc: 5°. 
Difference in frequency: - 34 cycles; 0.0068%. 

·1240 39.0 500.431 50.0 69 0.98 445 
50 40.5 .375 52.5 67 0.98 445 

1300 40. 5 -392 53.0 65 0.98 41~5 
10 40.0 -431 54.0 56 0.98 445 

(~,...""' +°'.....,n"rl,.\ 
·, ~ -· · - --~-· - --J 



TABLE 16 { Continued) 

/\mbinet Temp. % Pr. Amp • 
Temp. .Frequency Rect. Rele.tive Plat e Line 

gme oc. Kcs. Comp 1 t. Humidity Current Volts 

1 J20 40. 5 500.445 54. 0 53 0.98 445 
JO 40. 5 .450 54.0 54 0.98 445 
40 39. 5 .454 54.0 53 0 . 98 445 

Di fference in &.mbient temperature: 50. 
Difference in f requency: +J cycles; 0.0006%. 

1350 47. 3 500. 455 58. 4 38 1.00 445 
1400 45.0 . 46o 58.0 42 0.98 445 

10 45.0 . 470 58. 5 41 0.98 445 
20 45. 5 . 480 59. 0 4.3 0.98 445 
30 44.8 . 485 59.6 42 0.98 445 
40 45- 3 .494 59. 6 47 0.98 445 
50 45.0 . 500 60.5 45 0.98 445 

Difi'erence in M bient t emperature, 50. 
Difference in frequency: +46 eyolea; 0.0092%. 

1500 49. 7 500. 504 63.0 .39 0.98 445 
10 50.0 . ; 18 6J.O )6 0.98 445 
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.o 36 0.98 445 
50 50. 0 . ;10 65.0 35 0.98 445 

1600 50.0 . 579 65.0 35 0.98 445 

Difference in ambient t emperature: 50. 
Difference in t requeneya +79 oyolHJ 0.0158%. 



TABLE 17 

Hodel TBN-2 Trans.rriit-1:,er (Prelininw-y Model) 

Intermediate Frequency Unit 

EFFECT OF CHl.:1'WE IN IJJBUllT T~.Efl.A'l'URE; 500 KC; FULL POWER. 

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

.Ar.lbi ent Temp • % Pr. Amp. 
Temp. Frequency Rec t . Relative Plate Line 

Time oc. Kcs. Comp ' t . Humidity Current ~ 

0830 25.2 500.560 36.o 59 0.96 428 
40 25. 2 • 572 39.0 55 0.96 428 
50 25. 2 . 580 39.8 55 0.95 424 

0900 25. 2 .589 40. 5 55 0.98 JJ.2 

10 25.2 . 600 40. 8 51 0.98 442 
20 25.1 .610 40. 4 51 0.98 442 
.30 25.0 .613 40.9 51 0. 99 442 

0940 20.2 500. 618 39.6 58 0.99 442 
50 17.2 . 629 36.6 65 0.99 IJ/2. 

1000 lS.9 .630 37.0 71 0.99 442 
10 19.9 .628 36.2 70 1.00 442 
20 20. 0 .6JO 36.7 74 1.00 444 
.30 20. 0 .6Zl 36.6 70 1.00 442 
40 20.0 .622 36. 7 75 1.00 442 

Qlange in ambient temperature: 5°. 
Ch&nge in frequency: +9 cycles; 0.0018%. 

1050 15.1 500.636 33.6 71 1.00 442 
1100 15.0 .651 33. 0 77 1 .10 41t2 

10 15.1 .651 32. 0 73 1.10 442 
20 15.0 • 653 31.6 71 1.10 1./42 
30 15.0 .652 31.6 76 1 .10 442 
40 15.0 .652 32.0 71 1.10 1.1.2 
50 ~5.0 .656 32.0 71 1.10 442 

Change in ombient t,eperature: 5°. 
Chonge in f requency: +3/i cycles; 0.0068%. 

1200 10.5 500.671 29.2 61 1.10 IJ.2 

10 10. 2 .680 27. 4 66 1 .10 41~2 
20 10.0 .679 26.8 58 1 .10 uo 
30 10.1 . 687 26. 5 58 1 . 10 M.,.O 
l.O 10.1 .• 689 26.8 65 1.10 440 
50 10.0 .690 26. 7 72 1.10 41.0 

1300 10.1 .691 ~6.7 65 1 .10 uo 

Change in ambient temperature: 50. 
unanee in t"requenr,y: +35 c-<J".:lef ; 0 . 007%. 

( Continued) 



TJ.BLE 17 ( Contbued) 

l,i"hicnt- Tc-mip. % Pr. iiIII"!)-
'l"(;'"}T) . Frequency Rect. Relative Pl"1te Line: 

~ 
oc: Kes. Comp' t. Humidity ~i..i.rrent Volts 

1.320 'i.1 500.710 22.4 59 1.10 1.44 
30 5.0 .716 21.1 l.10 41.0 
40 5.1 .721 21.4 66 .1.10 '►40 
50 .724 (ID.o\ler cut out) 440 

1400 6.5 .729 22.4 60 1.10 440 
10 5.0 -731 21.1 66 1.10 438 
20 5.0 .7J5 20.5 1.10 438 

Change in 6IDbient temperature: 5°. 
Change in frequency: +1.4 cycl.cz; 0.0088%. 

Jl;JO 0.5 500.747 17.8* 1.10 438 
40 0.0 .757 21..4* 1.10 438 
50 o.o .760 22.5* 1.10 438 

1500 0.4 .760 22.4* 1.10 438 
10 o.o .763 22.2* 1.10 438 · 
20 o.o .769 21.0- 1.20 438 
JO o.o .769 21.5* 1.20 438 

(Note: * denotes that recti£ier tube compartment heater was on.) 

Change in ambient temperature: 50. 
Change in frequency: +34 cycles; 0.0068%. 
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TABLE 18 

I 

Intenjiedi6.te Fre~uency Unit 
I 

EFFECT OF -CHANGE IN ¥fBI.ENT TEMPEnATUP.E; 1000 KC; FULL POW.ER. 

I 
Test es per paraeralb 3- 24-3 'of Specifie!itions RE 13}.· 497A. 

J,mbient . % Temp. 
Rect. 
Comp't. · 

Pr. JlJnp. 
·Plate 
Current 

Temp. Frequency 
0 c. Kcs: 

21; .9 1000_.080 
25;'2 .335 
24.5 .435 
25.l .577 
24.5 .662 
24.5 • 765 
25.0 .810 

29.0 1000.89() 
30.9 .s,.5 
30.9 .920 

~29-0 .990 
29.0 1001.095 
30.0 .140 
29.9 .170 

39.0 
39.0 
39.0 
39.0 

. 39.3 
39.0 
.39.0 

41.0. 
42.5 
42.9 · 
41.9 
42.4 
42.6 
42.5 

R¢lativ~ 
Hum5.dJ ty 

66 
66 
62 
70 
70 
63 . 
62 

58 ., 
69 
(;I) 
61 
58 
56 
58 

Change in ambient temperatur~: ·50. 
+360 cycle.s; 0.0J6%. Change _in frequency: 

35.0 1001.190 45.0 51 
35.0 .215 45.7 54 
35 -~ .250 46.1,, 54 
35 • .l. .260 . 46.4 54 
35.4 .310 46.8 52 
35.l. .350 46~6 52 
3'>. 2 .350 46.5 52 

Change in_ runbient temperll.ture : _ 50. 
Ghanee in frequency: +180 cycles; 0.018.%. 

40.5 1001.250 49.6 72, 
40.1 .100 51.5 70 
39.0 .375 51.0 70 
41.0 .200 51.9 62 
40.0 .250 52.2 62 
40.9 . 300 53.0 54 
40.0 .360 53.2 54 

o.s3' 
0 .8J 
0.83 
o.SJ 
0.83 
0.83 
0.83 

0.83 
6.83 
0.8:, 
o.s3 
0.83 
0.82 
0.82 

0.82 
0.82 
0.82 
0.82 
0.81 
0.8] 
0.81 

0.81 
0.8) 
0.81 
0.80 
0.80 

. 0.80 
0.80 

Line 
Volts 

436 
436 . 
436 . 
436 
436 . 
436 
436 

436 
436 

. 436 ' 
436 

. 436 . 
436 
438 . 

437 
436 
436 
436 
436 
437 
4 36 

436 
1.36 
436 
436 
436 
436 
436 

Clui.nge 1n c:rb:i.u• t tem;'•c..n h.:.r-e : ;°. 
Cha.nge fo freq~ency: +10 cycle~; 0.001%. · (Continued) 
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~',0 
50 

0900 
10 
20 
30 
40 

1000 
10 
20 
30 
40 
50 

1100 . 

lJ.J.O 
20 
30 
.40 
50 

].200 
10 

1220 
30 
40 
50 

1300 
10 
20 

Int~:roedi&te Frequency Unit 

.EFFECT OF -CHANGE IN .AYBIENT '!'ENPETIATUF.E; 1000 KC; FULl, POWER. 

Test E.s per r,n.re.ernph 3-24- 3 of Specifi cr, tion~ RE l ,J._ 497A. 

J.Jnblent 
Temp. 
oc. 

21, .9 
25.2 
u.5 
25.l 
24-5 
24- 5 
25.0 

29.0 
30.9 
30.9 
29.0 
29.0 
30.0 
29.9 

:'requency 
Kcs: 

1000.080 
.335 
.435 
. 577 
.662 
.765 
.810 

1000.890 
.8/15 
.920 
.990 

1001.095 
.140 
.170 

Temp . 
Rect. 
Cor.ip 't. 

39.0 
39. 0 
39.0 
39.0 
3g.3 
39.0 
39.0 

4l. 0 
42.5 
42-9 
4l.9 
42.4 
42. 6 
4~-5 

Change in alllbient temperature: 5°. 

,, 
" Rel£, ti "ro 

H •_;niJ dj t.,, 

66 
66 
62 
70 
70 
63 
62 

58 
69 
69 
61 
58 
56 
58 

ChE.n~e _in frequency: +360 cycJe::.; 0.036%. 

35.0 
35.0 
35.-4 
35 • .l. 
35.4 
3,;. 4 
'3'i. 2 

1001.190 
.Zl.5 
.250 
.260 
• 310 
-350 
• '3'i0 

45.0 
45.7 
46.l. 
46.4 
46.8 
46. 6 
46.5 

Chl-.nee in ambient t emper l"l.ture : 5°. 

51 
54 
54 
54 
52 
52 
52 

Chenee in frequency: +180 cycl e~; 0.018%. 

40. "i 
.W.1 
39.() 
41.0 
40.0 
40. 9 
40.0 

1001.250 
.]00 
• 37,; 
. 200 
.250 
.JOO 
.360 

49.6 
51.5 
51 .0 
51.9 
'>2. 2 
53.0 
53. 2 

72 
70 
70 
62 
62 
54 
54 

C:hru1g~ lh c.mbi ei:1t t@l}'f'..re tures ;°. 
Cha.nee j r. frequeni::y: +10 cycleF; C.001%. 

Pr. Amp. 
Plnte Line 
C1u-rent Vol tf. 

0.83 L36 
0.83 436 
0.83 l36 
0.83 l 16 
0 . 83 l.36 
0.83 436 
0.83 L..36 

0.83 /,36 
0.83 436 
o.~3 l. .,_,,~ 
o.s3 1. 36 
0.83 '►36 
0.82 436 
0.82 438 

0.82 
0.82 
0.82 
0.82 
0.81 
o.Al 
0.81 

0.81 
0.8) 
0.81 
0.80 
0.80 
0 .80 
o.so 

437 
436 
436 
436 
'►36 /,37 ,.36 

t.36 
/,36 
436 
436 
436 
436 
436 

(Con tinued) 



TLBLE 18 ( Cont ipuecl} 

.Ar.tM.cn~ Temp • c! 
;o Pr, J,np. 

Temp. Frequency Rect. Reli-.tivc P)_f-,te T-inc 

Tir.:G ~ - - f.C\S. -·- Conp 1 t.. ftT:I ,aJz Curr P.n~ Vol tJ;_ --
J.]JO 45.] 1001.l.00 56.0 /49 0 . 80 4;,8 

I,() /,5. 5 .1.30 57-5 45 0 . 80 l38 

50 1,5.8 _475 58.0 1~6 0 .80 //38 

;v.oo 1>4. 3 . 500 57.9 46 0.80 438 
10 1..1 .... 5 • 510 57.5 47 o.so 438 
20 44.5 .535 57.6 52 0. 80 438 
30 45.2 .550 58./4 49 a.so '►38 

Change in a.~bie.nt tempernture : 5°~ 
Change in frequency: +190 cycle~; 0.019%. 

·1440 51.0 1001.600 61 . 2 40 0.80 438 
·50 49.8 .660 62.0 38 0.80 438 

}500 50.3 .725 63.7 38 0 . 80 438 
10 50.3 .775 62.4 38 0.80 438 

. ;m 50.2 .800 63.2 38 o.so 438 
30 50.3 .850 64.0 38 a.so L38 
40 49.8 .875 63. 5 38 0 . 80 4.38 

Change in llm.bient temper&tur e : c;O ., . 
Che.nee in frequency: +325 cycle:;; 0 .032%. 



TABLE 19 

Mode1 TRN-2 TrcnGnitte't' (P'!'Pl iJ11for:'!":' Uorle1 i 

lritP.rroediP..te .Fr~r:1•er.cy Unit-

EFFECT OF CHANGE IN JJffiIENT ?illPERATURE; 1000 KC; FULL POITER. 

Test as per par&grr.ph 3- 24- 3 of Specifico tions RE 13.li. 4971' .• 

Ambient Telll:p. d 
/0 Pr. }..mp. 

Temp. Frequency Rect. Relative Plate Line 
,'l'l111e oc. Kcs. Comp' t. Humidity Current Volts 

0920 26.0 1000.640 34.4 48 0.81 436 
JO 21.2 .776 36.8 7/4 0.82 436 
40 23.8 .768 38.4 73 0.82 436 
50 25.0 .762 1.0 . 0 'n3 o.s2 437 

1000 24.8 .??O 39.6 78 0.82 437 
10 25.0 . 772 39.9 78 0.82 437 
20 25.0 .774 39.9 78 0.82 436 

1030 20.l 1000.840 37.1 75 0.82 436 
40 20.1 .843 36.0 80 0.82 l37 
50 20.0 .830 35-5 85. 0.82 437 

1100 20.0 .828 35.5 85 0.82 436 
10 20.0 .830 35.5 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 rl!!lbi ent temperature: 50. 
Chru1ge in .frequency: +51 cy~es; 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 o.s2 4.36 
20 1 5.0 . 9.20 29.9 71 o.s2 436 
30 15. 0 .932 29.7 71 0.82 1,36 
40 15.0 . 918 29.9 71 0.82 4.37 

Cho.nge in lllllbient temperature: 50. 
Change in f r equency : +93 cycles; 0.0093%. 

1250 9-4 1000. 9 58 26.8 66 0.82 437 
1300 10.1 .954 25.5 53 0.82 l37 

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 24. 1.,, 59 0.83 438 
50 10.0 .952 24. 3 59 0.83 438 

Change in ambi ent t emperature: 50. 
('h-:.~.:~ :ir . f r ~~,_,.,:-r-i.7 ~ ~:~ ,......",...1 or--• f'\ ('\(\ 'l I d_ ........ - ,_ ... ) . . . . ..... ... \ vOnti n ueoJ 



TABLE 19 ( Continued) 

Ambient Tesp. % Pr. Amp. 
Temp. Frequency Rect. Relative . Pl6.te Line 

!il:0 oc. Kcs. Comp't. Humidity Current VoltE-

1400 4. 5 1000.982 21.5 0.83 4.38 
10 5-4 .980 20.5 0 . 83 4.38 
20 4.9 .985 20.4 0.83 4.38 
JO 5.0. -970 19.6 0.83 4.38 
40 4.9 .970 19.6 0.83 438 

. 50 4.9 .968 19.6 0.83 438 
'1500 5.2 .963 U.0-11- 0.83 4.38 

Change in ambient temperature: 50. 
Change 1n frequency: +ll cycles; 0.0011%. 

15~0 0.2 1000.998 23-3* 0.83 4.38 
"20 0.2 lOOl.060 22.0* 0.83 4.38 

JO 0.2 .050 22.5* 0.83 438 
40 0.8 .050 22.0lt' 0.84 4.38 

, .50 0.1 .030 21.5* 0.84 4.38 
1600 o.o .050 21.()-11- 0.84 4.38 
. 10 0.0 .050 21.0ll- 0.84 4.38 

Change in ambient temperature: 50. 
Change in .frequency: +87 cycles; 0.0087%. 

Note: * denotes that rectifier tube compc,.rt.ment hecter was 
turned on. 



T/.BLE 20 

Model TBN-2 Transl!litter (Preliminary Modelj 

Intermedi~te Frequency Unlt 

EFFECT OF CHJJmE IN AHolGN'l' T~PBH.A1'lJRE; .2000 KC. 

Test ~s per purugraph 3- U-3 of Specifictttion~ RE 13A 497A. 

Ambient Temp. % Pr • .limp • 
Temp. .Frequency Rect . Relr~tive Plate Line 

Time oc. Kcs. Comn• t . Hu.'!lidity Current Volts -
1020 31.0 2000. 779 48.5 63 0.80 436 

'.30 28.8 . 921 46.5 65 0.80 436 
40 29.3 2001.050 45.2 76 0.80 436 
50 29.4 . 060 45. 0 79 0.80 438 

1100 29. 4 . 250 44.6 76 0.80 4'38 
10 29.4 .600 44.8 76 0.82 438 
20 29.1 .685 44.1 76 0.82 438 

1130 37.0 2001.200 47.4 76 0.82 438 
40 .311° 5 .310 47.0 52 0.82 438 
50 34.s .L.25 46. 9 54 0.82 4.38 

i200 35.3 -475 47.0 54 o. a2 438 
10 35.1 . 550 47.2 54 0.82 1138 
20 35.0 . 590 47.0 52 0.8.2 438 
30 34.5 . 625 47.0 52 0.8.2 .{-38 

Differ ence in m!tbiant t emper et~u-e: 5° •. 
ChP.nge in f requency: - 60 e-<J'~les; 0.003%. 

1240 42.0 2000. 450 51.3 66 0.8.2 438 
50 40.2 . 475 51. 5 76 0.8.2 43a 

1300 39.0 . 250 51.5 76 0.82 438 
10 40.9 .375 52.6 58 0.82 1.38 
.20 41.5 . 590 53.6 50 0.8.2 4.38 
30 40. 2 . 690 r,1, .0 55 0 . 82 l 38 
40 40.3 ,755 54.3 53 0.82 438 

Cha.."1ge fo ambi ent t emperature: 50. 
Chanee in frequency : +130 cycles; 0.0065%. 

1350 44. 5 2000 .. 825 55.3 48 0.82 l.38 
1400 46.7 .875 57.7 L.] 0.82 /,,S 

10 56.0 200.2. 000 58.7 l;I, 0.8.2 l18 
.20 l.5.0 .075 58.6 42 0.8.2 4.3g 
30 45.0 . 160 59.0 42 0.82 438 
40 45. 1 . 215 59.0 42 0.8.2 438 
';0 45.0 .250 59.0 37 0. 82 1.38 

Change -in ambi ent temper&ture: ~~ 
·' . 

:..(.;!', .. ,/: l.j f ~·t.,1 Uo .i.J:~ J ; 14.t.1 ".I .;el -..:1 .. :, . . ; 0 . e,;:: ... ~;:. 
(Contir.med) 



TLt:1e ---
1 500 

10 
20 
JO 
;.o 
50 

1600 

T ?.ELE 2.0 ( Co!l t i!].~ed ) 

Ambient '.i'emp . d Pr. f..mp . "' 
Temp. Frequency Re~t. Relative Pl at e 
oc. Kcs. Comp't. Humlditv Current -----

50.2 2002 • .300 62.5 38 0.82 
50.5 .325 63.0 40 0.82 
49.2 • 350 6J.O 
50.0 .500 63.0 36 0.40* 
50.0 .4(1:J 63.0 36 0.40 
50.2 .445 64.0 38 0.46 
49.9 .250 63.6 40 0.47 

Change in smbient temperature: 50. 
Change in frequency: o. 

Note: * Power amplifier plate current , and output, dropped 
~uddenly E.t 1520. Exa.'!lin&tion r evealed no break­
down or cause for this condition. l.ft er the 
tre.n5l!litter m;s zhut down f or s. period of some 
hours and re1:1t.arted, power f'l'l,Fli f i er plat e current 
wes normEi.l and no:rn&l output w&s obtained. '.lb.is 
difficulty "6.S not encountered again. 

I.inc 
YQ.!1~. 

. 4'38 
438 
4.38 
438 
4.38 
438 
438 



TABLE 21 

Model TBN-2 Trw.smi tter (Prelimlm,ry Model) 

Intermecli~te Frequency Unit 

EFFECT IN CHbNGE OF fJiffiIFJ,T Tn.iPERATURE; 2000 KC; FULL PO'iiER. 

Test as per p&r&gr&ph 3-24-3 of Specifi cations RE 13A 497A. 

A:l!lbient Temp. c:J 
/0 Pr. i'd!lp. 

Temp. frequency Rect. Relative Plr,te Line 
Time oc. Kcs . Com12' t. Hmldit;y: Current Vol tr, ---
0800 31.0 2000.654 35.4 60 0.86 436 

10 28.8 .864 40.5 55 0.86 436 
;:o 30. 8 2001.1.LO 44.0 61 0.86 436 
JO 29. 5 . 260 43.8 61 0.86 436 
40 30.0 .340 43.8 65 0.86 436 
50 30.0 .400 43-8 65 0.86 436 

0900 J0.0 .440 43. 3 65 0.86 436 

0910 24.5 2001.575 41.5 62 0.86 1.36 
20 25.7 • 510 41.0 66 0.86 '~36 
30 25.0 .550 41.0 66 0.86 436 
40 25.0 · .550 40. 5 66 0.86 436 
50 24.8 • 560 40.1. 66 0.86 436 

1000 25.0 .550 '►0-4 66 0.86 437 
10 24.7 • 550 40.0 66 0.86 437 

Ch&ngc in &mbient temper&ture : 50. 
Chanee in frequency: +110 cycles; 0.0055%. 

1030 21.5 2001.625 38.2 67 0.86 L.37 
40 18.8 .675 36. 3 75 0.86 437 
50 22.2 .600 37.2 81 0.86 43? 

1100 20.2 .600 36 .. 4 71 0.86 437 
10 18.5 .650 35.7 80 0.86 437 
20 19. 8 .640 35.5 71 0.86 /,37 
30 20.1 . 600 35.5 76 0.86 437 

Change in ambient t emperature: 50. 
Change in frequen~y: +50 cycle~; 0.0025%. 

lll.O ll.O 2001.750 32.2 75 0.86 437 
50 15.0 . 750 32.0 72 0.86 437 

1200 15 .0 .750 31.0 71 0.86 1.'37 
10 15.0 .750 31.0 71 0.86 437 
20 15.0 .750 30.5 71 0 .86 437 
10 14.4 .750 30.0 70 0.86 437 ,.o 15. 0 • 725 30.3 77 0.8(1 /,37 

Chenee in ambient t,ernperr,ture: ,-0 
".) . 

Change ln frequency : +125 cycles ; 0.0062%. 
l i..;on t.1nuec .i 



T.?.BLE 21 !Co~~~~~JW 

t-.mbient Temri. '.t Pr. Amp. 
:'emp. Freq11ency Re~t-,. Rcl&t i Ye PlE-t.c T.ine 

Tine _ o__<k_ Kc~. Com-:,'t . li"..'l"liditl Current Volts ---
1250 ll.O 2001 .800 28. 0 68 0. 86 1.38 
lJOO 10.0 .860 25.9 66 0.86 438 

JO 10.0 .875 26.0 66 0.86 4.38 
20 10.0 .875 25.J 61 0.86 438 

. 30 9-5 .900 24.9 72 0. 86 4.38 
:. 40 1O.O .900 24.8 79 0.86 4.38 
.': .50 10.0 .875 24.9 79 0.86 438 

Chanee in ambient tempero.ture: 50. 
Ch6nge in f r equency: +1 50 cycles; 0.0075%. 

1400 6. 0 2001.925 24.5 0.86 4.38 
10 5.0 . 950 22.0 76 0.86 438 

. 20 5.2 . 950 20.8 69 0.86 4.38 
.30 5.1 .950 20. 5 75 0.86 4.38 
40 5.6. .960 20.1 75 0.86 438 
50 5.0 .975 20. 1 75 0.86 439 

150() 5.0 -975 20. l 75 0.86 439 

Change in runbient temperuture: 50. 
Chtnge in frequencs;: +100 cycleE; 0.005$. 

·.•ao 1.0 2002.000 18.5* o.86 438 
,.20 0 . 1.. .025 20.?it o.86 438 

30 0.2 .100 21.Qit 0.86 4.38 
40 -1.0 .090 22. 6* 0.86 438 
50 0.0 .100 22-~ o.86 . 4.38 

1.6oo 0.0 .100 21 . 2-lt 0.86 439 
10 o.o .100 21.L..* 0.86 438 

Change in 611lbient temperature: 5°. 
Change in frequency: +125 c;rcler-; 0. 0062%. 

Note: * deno tef' thE:t .r A0tifler tube compartment heater cmne on. 



TABLE 22 

Model TBN-2 Tra.nsm:i.tter (Prelirni.n~,ry Mode.7. ) 

Intem.edie.te Frequency Uni. t 

SUMMARY OF TABLES 16 t.o 21, IN<1I.l.l~IV'E. 

Test es per rlir&.grr,ph 3-24-3 of ~pecificr..tions RE 13A l.97t •• 

Cycles 
femperature Frequenc~ Change ~er 2 degrees c. E..t 

Range 500 Kcs. 1000 Kcs. 2000 Kcs. .. 
0 to 5 +34 + 87 +125 

5 to 10 +44 + 11 +100 

JO to 15 +35 + 34 +150 

l 5 to 20 +34 + 93 +125 

~o to 25 + 9 + 51 + 50 

~5 to 30 + 3 +360 +110 

.30 to 35 -34 +180 - 60 

35 to 40 + 3 + 10 +1'30 
I 

l+O to 45 +46 +190 +495 

1+5 to 50 +79 +325 0 



TABLE 23 

Model TBH- 2 Trbllsmitter (PreliminE..ry Model} 

Intermcdi~to Frequency Unit 

VARIATION Of SUPPLY LINE VOLTkGE. 

Test ~s per paragraph 3-24-4 of Speclfi ~ati ons RE 13A 497A. 

.Line Frequency Plate Rectifi er Antenna 
Voltf Kilocycles Volts Fil. Vol ts Current - -
:4].8.0 500.750 2100 190 11~6 
422.l. .752 2120 192 ll.8 
·.426.8 -752 2150 193 11.9 
'431-2 -755 2180 196 12. 0 
!435.6 .756 2200 198 12.1 
·1,1.0. 0 . -752 2220 200 12.3 · 
·444.4 .760 2240 201 12. 4 
M,8.8 .763 2280 203 12.5 
:453.2 .762 2300 206 12.6 
,457.6 . 763 2320 208 12.7 
'L62.0 . 763 2340 209 12.8 

Maximum frequency change: - 13 cycles. 
i.apid change in voltage from +5% to - 5% csused a shif t of 20 cycles. 

l].8.0 1000.660 2080 190 13. 8 
422.4 .655 2100 191 14.0 
_426.8 .645 2120 193 14.2 
431.2 .650 2150 196 14. 3 
=435.6 .656 2180 198 14. 5 
440. 0 .660 2200 200 14.7 
444-4 .665 2220 201 14.8 
448.8 .670 2240 203 15.0 
453.2 .677 2270 205 15. 2 
457.6 .680 2290 208 1 5 • .3 
462.0 .695 2320 209 15.6 

Maximum frequency chs.nge: - 50 cycles. . 
Rapid change in voltage from +5% t o - 5% ~ used a shift of 5 cycles. 

41S.o 
422.1... 
.(26".8 
431.2 
435.6 .o 

.l, 

.8 
453.2 
457.6 
46-:- .n 

2000.670 2090 
.650 2100 
.635 2130 
.615 2150 
.610 2190 
.600 2210 
.595 2220 
.595 2250 
• 585 2280 
.585 2.300 c~n ?~?n 
> ... ·- ~.· • • .,.. ... ~ • 

193 
194 
197 
198 
200 
201 
203 
206 
208 
210 
~l~ 

14.2 
14. 3 
14.6 
14-8 
15. 0 
15.2 
15.4 
15.5 
15.8 
16. 0 
, t:. ') 

~um frequency change : +.90 cycl es. , 
Rapid change in voltnge from +5j to - 5% c:;.used shiJ't of 20 cycles. 



T.ABLE 24, 

Model TBN-2 Trsnsmitter (Preliminary Model ) 

l ntermedi ~te .Frequency Unit 

25% Vl'JUATION Il~ /.NTilllit. CONSTP.NTS. 

Test as per paragraph .3-24-5 of Specifications RE lJA 497A. 

.Frequency when Frequency when 
·eontrol Normn.1. Ip increased Cycles Ip decreased 
Varied Frequency 25% Change 25% 

t,ntcnna 500. 721 500.711 
.Antenna . 718 500.719 +l 
Power Ampli-

fier .715 -720 +5 

Antenna 1000. 640 1000.641 +l 
lintenna .649 1000.658 
Power J..mpli-

f ier . 653 .651 - 2 

Antenna 2000. 551 2000.551 0 
Antenna . 547 2000.550 
Power J.mpli-

fier . 548 .550 +2 
Power Ampli-

fier . 572 .570 

Cycles 
Change 

-10 

+17 

+ 3 

- 2 



Tap 
§)_1itch 

7 
6 
5 
4 
3 
2 
1 

7 
6 
5 
4 
3 
2 
1 

7 
6 
5 
4 . 
3 
2 
l 

TABLE 25 

Model TBN- 2 Transmi tter (Prelimin~ry Model) 

Intermedi ate Frequency Unit 

CONTROL OF POWER OUTPUT. 

Test as per paragraph 3- 24- 6 of Specifications RE 13A 497A. 

.Frequency Plf-te Antenns. Percent Percent 
Kilocycles Volt s Current Power Voltage 

(Antenna resistance: 5. 05 ohms) 

500. 597 2410 13.85 .117.3 107.0 
.600 2250 12.80 100. 0 100.0 
.632 2010 11.55 81.4 89.3 
.642 1810 10.10 62.3 86. 4. 
.652 1580 8.75 46. 7 70. 2 
.665 1380 7.35 32.9 61.3 
.690 1140 5.90 21.2 50. 6 
Mrudmum frequency change: +93 cycles; 0. 018%. 

(Antenna resistance: 5.3 ohms) 

l0Q0. 712 2390 16.10 116.0 107. 6 
.712 2220 14.95 100.0 100.0 
.738 2000 13.40 80.4 90.1 
.752 1790 11.80 62.3 80.6 
.760 1570 10.10 45.7 70. 7 
.780 1370 8.40 31.6 61.7 
.796 1130 6. 50 18.9 50.9 

Maximum frequency change: +84 cycles; 0. 008%. 

(Antenna reslstruice: 6.0 ohms) 

2000. 617 2400 14. 35 118. 0 107.6 
.590 2220 13.20 100.0 100.0 
. 645 2000 11. 80 79.9 90.0 
.660 1800 10.15 59.1 81.l 
.679 1580 8.50 41.l. 71.2 
.690 1380 6.65 25.4 62.2 
.690 1130 4.40 11.1 50.9 

Mnximurn frequency change: +100 cycles; 0.005%. 



TABLE 26 

Model TBN-2 Trons1:1itter (Preliminc...7 Model) 

Intermediate Frequency Unit 

CHANGE IN FREQUENCY DUE TO CHANGE OF VACUUH TUBES. 

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

SeriaJ_ Number 
of Tube 

Master OscillLtor 
Wstg- 41845 (original) 
W:::;tg-41852 
Wstg- 41809 
Wstg- 41846 

Maximum change: +75 cycles. 

Power J..mplifier 
Wstg-25673 (original} 
HySl- 1004 
HySl- 1008 
HySl-1006 

Maximtllll change: +30 cycles. 

Muster Oscillator 
\Vstg-41845 (original) 
Wstg- 41853 
Wstg-41852 
Wstg-41809 

Frequency 
Kilocycles 

500.466 
.500 
-541 
-530 

500.530 
.556 
-531 
. 560 

1000.650 
-734 
.821 
.738 

Maximum change: -tl.71 cycles. 

Power Amplilier 
Wstg-25673 (original) 
HySl-1006 
HySl- 1004 
HySl- 1008 

Maximum change: -48 cycles. 

Master Oscillator 
Wstg- 41845 (originnl) 
Wstg- 41809 
Wstg-41853 
Wstg-41852 

1000.764 
.740 
.716 
.727 

2000.500 
.460 
.580 
.604 

Maximum _ change: +104 cycles. 

Wstg-25673 
HySl- 1004 
HySl- 1000 
HySl-1006 

Power Amplifier 
( originll:1) 2000.428 

.510 
• 592 
.567 

Mnximum change: +164 cycles. 



TABLE 27 

Model TBN- 2 Trc:1.D.smitter (Preliminary lllodel) 

Intermediate .Frequency Unit 

Str!JW..RY OF FRE~U.ENCY ST.ABILITY TFSTS. 

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

Test 
Maximum .Frequency Change at 

500 Kcs. 1000 Kcs. 2000 Kcs. 

(1) Initial errors in calculution 

(2) Errors in resetting 

(3) Chnnge in ambient temper~ture 5°c. 

{4) Vari&tion in line voltage 

( 5) Cha."lge in an tenno. cons trui ts 

(6) Control of power output 

(7) Change of tubes 

Algebrnic sum: 

0 

+110 

+ 79 

- 13 

- 10 

+ 93 

+ 75 

334 

Permitted by specifications: 475 

* See pr..ragraph 96. 

0 

+155 

+3603!­

- 50 

+ 17 

+ 84 

+171 

737 

600 

0 

+160 

+495* 

+ 90 

+ 3 

+100 

+164 

1012 

850 



TABLE 28 

Model TBN- 2 Trsnsmitter (Preliminary Model) 

High Frequenc:i Unit 

VARIATION OF LINE VOLTAGE. 

Test as per paragraph 3-7-1 of Specifications RE 13A 442D 

Line Volts 

418. 0 
422.4 
426.8 
431.2 
435.6 
440.0 
444.4 
448.8 
453.2 
457. 6 
462.0 

Cycles change: 
Percent cha.."lge: 

1% per minute 
Variation 

4500.475 
.469 
.468 
.474 
.475 
.480 
.486 
.488 
-493 
.499 
.518 

4J 
0.0009% 

Permitted by specificutions: 0.0025%. 

Rapid 
Variation 

4500. 508 

4500.518 

10 
0.0002% 



TABLE 29 

Model TBN- 2 Transmitter (Preliminary Model) 

High Frequency Unit 

FREQUENcY CHANGE CA.USED BY DETUNING RESONANT CIRCUITS. 

Test as per paragraph 3-7-3 of Specirications RE 13A 442D 

Circuit Detuned Cycles Change Percent Change 

ncn Doubler Grid Tuning 
"D" Doubler Plate Tuning 
"E" Intermediate Amplifier Tuning 
"F" Power Amplifier Tuning 
11H" Antenna Coupling 
"J" A.~tenn~ Tuning Capacitor 
"K" Antenna Tuning Inductance 

Test frequency: 4500 Kcs. 

38 
3 
4 
2 
2 
1 
1 

Permitted by Specif'ications: 0.005%. 

TABLE 30 

Model TBN-2 Transmitter (Preliminary Model) 

High Frequency Unit 

o.ooos 
Neg. 
" 
II 

II 

n 

n 

FREQOffiCY CHANGE BETWEEN "ADJUST, " "TUNE," AND "OPERATE. 11 

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

2000 KC 2500 KC 3000 KC 3500 KC 49QO l:Q 4500 JtC 

Step 1 "Adjust" 241 237 257 206 240 210 
Step 2 nTune" 238 250 244 175 223 200 
Step 3 "Operate" 237 251 240 151 2.32 193 
Maximum change 4 14 17 55 17 17 
Percent change 0.0002 0.0005 0.0005 0 .0015 0.0004 0.0003 

Permitted by Specifications: 0.001%. 



TABLE 31 

Model TBN-2 Transmitter (Preliminary Model) 

High .Frequency Unit 

KEY LOCKED TE.sT. 

Test as per paragr aph 3-7-5 of Specifications RE 13A 442D. 

Test No. 1 - Oscillator filament not lighted during shut down. 
Transnitter t ested as received from manufacturer. 

Ehd of 10 minute key lock 
Ehd of 10 second dash 
Change in cycles 
Per cent change 

4500. 500 
4500.810 

310 
0.0069% 

Test No. 2 - Oscillator filament lighted during shut do1'Il. 
Transmitter tested aa received from manufacturer. 

End of 10 minute key lock 
End of 10 second dash 
Change in cycles 
Percent change 

4500.400 
4500.480 

80 
0.0018% 

Test No. 3 - Oscillator filament not lighted during shut down. 
After restoring circuit to compensating transformer. 

End of 10 minute key lock 
End of 10 second dash 
Change in cycles 
Percent change 

4500.521 
4500.680 

159 
0.0035% 

Test No. 4 - Oscillator filament lighted during shut down. 
After restoring circuit to compensatine transformer. 

End of 10 minute key lock 
l:hd of 10 second dash 
Change in cycles 
Percent change 

4500.529 
4500.480 

49 
0.0011% 

Test No. 5 - Oscillator filament not lighted duri.'rlg shut down. 
Aft er moving cOI!lpensating condenser in 3.5 turns from 

original setting. 

End of 10 minute key lock 
End of 10 second dash 
Change in cycles 
Per cent change 

4500.565 
4500.690 

125 
0.0028% 

(Continued) 



TABLE 31 (Continued ) 

Test No. 6 - Oscillator f ilament not lighted during shut down. 
After moving compensating condenser out 3 turns from 

original setting. 

End of 10 minute key lock 
End of 10 second dash 
Ch!:.Ilge in cycles 
Percent change 

Permitted by specifications: 
Filament not lighted 
Filament light ed 

TABLE 32 

4500.570 
4500.750 

180 
0. 004% 

0.01% 
0.005% 

Model TBN- 2 Transmi tter. (Preliminary Model) 

High Frequency Unit 

40 WORDS PER MINUTE WING TEST. 

Test as per paragraph 3-7-6 of Speci fications RE 13A 1+42D 
Trruismitter tested as recei ved from manufacturer (circuit 

to compensating transformer open) . 

.llid of 30 minute keying 
End of 10 se·cond dash 
Change L~ cycles 
Percent change 

Permitted by specifications: 

4500.460 
4500.510 

50 
0. 0011% 

0.0025% 



Color 
~ 

Red 

Green 

Green 
Blue 
Red 

Bl11e 
Red 

P..mber 

Green 
White 

TABLE 33 

Llodcl. TBH-2 Transmitter {Prel..i.mina.ry Model} 

LIST OF INDICk.TOR LIGHTS 

Data as per paragraph 3-27 of Specl fic~tions RE 13A 497A 

Legend 

Rectifier Modulator Unit 

A.C. overload r elay 

Filament on 

Intermediat e .Freouency Unit 

Bias vol t a.ge 
Rectifier on 
Plate vol tage 

High Frequency Unit 

Rectifier on 
Plate vol t age 

Heater circui t 

Bls.s volt age 
Master oscillutor filwnent 

Purpose 

Lights when A.C. overload 
ls open. 

Lights mien rectifier fila­
ments are lighted. 

Lights when bic.s voltage is on. 
Li ghts when rectifier is on. 
Lights when plate voltnge is 

applied to t r snomitter. 

Lights when rectifier is on. 
Lights v1ben pli:..te voltage is 

applied to transmitter. 
Lights when master oscil lrttor 

heater circuit is energized. 
Lights when bias voltage is on. 
LiV1tS whe.~ master OR~jl1ntor 

fihment is lighted. 



TABLE 34 

Model TBN- 2 Equipnont (PreHr.:inP.ey 1~el) 

LIST OF ~ "'TERS. 

De.ta as per ps.ragrnpb. J-28 of SpecitieritJ.ona RE 13.A 497A 

Modulator Rectir i er Uni t 

J - Per~ent~ge modulation meter, 0-100, OAY-222,30. 
J - Intermediate amplifier plate emmeter, 0-250 t.tA, DC, CAY-22065. 
2 - Modul~tor plate ammeters, 0-250 ltlA, DC, CAY- 22065. 
I - Input 6lnpllfier pl&te ammeter, 0-50, DC, CAY- 22056. 
1 - Fi1wnent voltmeter, 0-15 volts, AC, CAY-22080. 
1 - Output ammeter, 0- 2 runpB. , OAY- 22002. 
1 - Plate voltmeter, 0-3500 vol t s, DC, C~Y- 22145. 
1 - Bias voltmeter, 0-500 vol ts, DC, CAY-22198. 
1 - Filament transformer pr imary voltmeter, 0-250 volts, AC, CAY-2.2086. 

L~termediete Freauenov Unit 

1 - Antenna feI:lllleter, 0-25 e.mp~., RF, with external heati ng element. 
(No type number .) 

1 - Power amplifier pl ~te rumneter , DC, 0-2 amps. , CAY-22002. 
l - Intermediate amplifier pl~te ammeter, DC, 0-250 KA, CAY- 22065. 
l - Master oscillE.tor pl ate a.mI:1eter, DC, 0-250 UA, CAY-22065. 
1 - Audio oscillator plate ru:unoter, DC, 0-250 MA, CAY- 22065. 
1 - Filament voltmeter, AC, 0-15 volts, CAY-22080. 

•. l - Power 6.mplifier tube hour meter, 120 volts, 6o cycles, CAY-22199. 
l - Bias vol tmeter, DC, 0- 500 vol ts, CAY- 2?.198 . 
1 - Plnte voltmeter , DC, 0-3500 volt~, CAY- 221.45. 

High Frequency Unit. 

1 - Master oscillator screen grid ammeter, DC, 0-50 MA, type NX. 
l - Mnstcr oscillfitor plnte am:meter , DC, 0-100 lilA, type NX. 
l - Intermedia te amplifier grid runmeter, DC, type NX, 0-100 liA. 
1 - Doubler plate aruneter, DC, 0-250 MA, type NX. 
1 - Poiier amplifier grid Cilm!leter, DC, 0-100 llA, type NX. 
1 - L~termediate runplifier plnte runmcter, DC, 0-250 MA, type NX. 
1 - Power amplifier pl~te ammeter, DC, 0-500 LU, type lU. 
J - Filament voltmeter, AC, 0-1 5 vol tfl, type NA. 
l - Tube filament life meter, 10, 000 ho\1rs . 
1 - Bias voltmeter, DC, 0-500 vol tfl, type NX. 
l - Plc.te voltmeter, DC, 0-3500 vol ts, type NX. 
1 - Audio oscillator plnte ammeter, DC, 0-500 J:tA, C.AY- 22065. 
l - Antenn6 l-Ul1ltleter, 0-15 8lllps., RF, wi th extern~} heating element. 



TABLE,~ 

Inte~edi&te Freque•1cy Unit 

DKr~:runNATION OF POWI!.'R OU'i'PUT. 

Test &a per po.ragraphs 8-2 &11d 10-2- 3 of Specifice.tions RE 13A 497A. 

Column No . 1 2 3 4 

Cont rol or JOO 500 750 1000 
.lieter ~ KcP. Kcf' • Kcs~ 

!, 658 1714 1250 1342 
E 1 3 5 6 
" I., 1 3 4 5 
D 22 34 57 53 
E 19 24 49 52.5 
F 4 4 5 6 
G 1 3 5 7 
H 51. 21+ 
J 538 1073 
K 5 5 l 6 

MO Ip 38 42 38 39 
IA Ip 83 85 90 94 
Pb Ip 1000 990 990 1000 
t~t. I int.* 16. l 17.8 23.3 20.8 
Ant I ext.* 14.99 16.4 20.5 19.5 
Ep 2190 2200 2190 2190 
Eg 275 282 272 274 
Ef 11 11 11 11 
Ant Cc.p. 403.5 403.5 465 403.5 

· P.nt Res. 2.8 2. 0 2.0 3.0 
M t Pr ext. i:· 627 538 840 1140 

Guar . Power 700 700 825 1000 

* Hote: "Ant I int." ref ers to the current reading of the nntenn& cmmeter 
l oca t ed on the panel of the troismitter. 

" 1,n.t I e:x:t. n ref er::. to the current ret>dinE of Et precision type 
i nstrument locat ed in the low side of the dummy m1tenna. 

11J.n t Pr ext. 11 is the output ctlculi,t.ed froo the e;,,.:ternal predsion 
amneter rendi ngs. 



TABLE .22 

Model TRN- 2 Trr:nf'J'litter (Pre.l.im.inn.ry J!odel ) 

lnte:nnediate Fr~quency Oni~ 

Dl'.:TERUrnJ.TJON OF POWER OUTPUT. 

Test&~ per parae;r~phs 8-2 end 10-2-3 of Spe~ifjcatlon~ RE 13A 497t. 

CoJ vrn 1 2 3 4 

Control or 12'>0 1500 1750 2000 
i.:g<;.er --- Kcs • . ~C!:_ _l;:.f!h _Kcs. 

A 1501 17] 7 1998 2419 
B 7 8 9 10 
C 5 6 6 6 
D 80 41. 74 92 
E 72 38 57 69 
f 7 7 7 8 
G 9 9 9 9 
H 
J '300 7'30 51,3 898 
K 1 1 6 l 

~Olp 48 50 50 52 
. Tl. Ip 90 90 90 93 
PA Ir 1000 1000 990 975 
J..nt l int* 19.4 16.6 15.8 12. 75 
kit I ext* 17.55 16 14.2 12.t. 
Ep 2190 2190 2190 2190 
Eg 270 271 265 265 
Ef 11 1) 11 1) 

/,J"t C#:'r 7'31 973 1250 1500 
Ant Res l.5 6.3 7.9 10.25 
l.n t Pr F.Y.t* 1387 1610 1592 ] t;7t; 

G,1!'.:r. Power ]000 1000 1000 1000 

* "Note: "Ant I ·int" refer~ to the current readi n.::; of the ,;:nter.m1 
ar-:r,eter loeated or- the _!)&nel 0f thP, tranf'Jllltt.er. 

"/,Ji t,. l ext" refffrf t.o the ~urren t r eac"iini_: of fi,, precirion 
type instr1wcnt loco.t{~<l in t-hc )ow r.i<"e nf the dul!IJlly i:,ntenn::, .. 

"Ant Pr AY.t." i~ the 0vtp•1t ~.&lcuJ~teci frC\M the eY-terne.J 
precision runmete.r revdlngs. 



T/.ELE ll 

Model TB?i-2 Transmi tt.er (PrP.151!:fo..ry llodel) 

Int.ennedit-te Frequency Unit 

MCW OPERATION. 

Ter.t as per parRgraph 3-41 of Specifications RE 13A 497A. 

Audio 
Freq • . 0s c. P.A. Watts Watts Percent of Percent Kod. 
Kcs. -In._ !P__ ~ _Q[_ CW Power Neg. Poe. 

300 79 540 .325 627 51 100 

1000 71 590 653 1140 58 100 15 

]250 78 620 822 1387 59 100 16 

1500 77 620 970 1610 6o 100 16 

1750 68 . 610 957 1592 60 100 16 

2000 76 ;80 991 1575 6.3 100 16 

Specifications requir e that t lle signal be modulr.ted not less than 70% end 
that the power be r educed to not less than 50%. 

.Frequency of Modul&tion 

Mea sured - 813 cycles 
Required - 800 cycles plus or minus 5%. 



TABLE 3§ 

t1ode1 TEN-2 Trc,nsmitter (Prolininnry Model) 

In tel:'1lledit, te .Fre1;ucncy Unit 

VARlJSION OF RESONANT FREQUWCY OF MASTIB OSCILLATOR PER DIVISIClN 
OF DIJ.L MAKllZG. 

Test as per parngrcph 3-44 of Specification~ RE 13A 497A 

·Control Control Frequency Divjsions KC per Percent 

"A" "B" KC Change Div. per Div. --
614 1 300 

1051 1 310 437 0 . 023 0.007 
1394 l J.:20 343 0.0.29 0.009 
1728 1 3.30 334 0.030 0.009 
2'i00 1 342.a 772. 0.017 0.005 

0 2 341.5 
601, 2 350 6o4 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 O.OL15 0.010 
1700 3 500 676 0.074 0.015 
2265 3 51►0 565 0.071 0.013 

676 4 540 
1439 4 600 763 0 .079 0.013 
1950 4 650 511 0.098 0.015 
2427 4 680 477 0.063 0.009 

748 5 680 
1595 5 800 847 0.141 0.017 
21.35 5 900 540 0.185 0.020 
•2400 5 940 .265 0.150 0.016 

238 6 910 
937 6 950 699 0.05? 0.006 

141"; 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 
1224 7 1200 ll34 0 . 070 0.006 
1826 7 1300 6o2 0.166 0.012 
2337 7 1400 511 0.195 O.OlL 

(('...,,...+~"'''" ~' . . .· ' ~ 



Tt,BLE_ )8_.(Continuec1) 

Control Control Frequency liivi ::ions KC per Percent 
r A" "B" KC Ch&np;e Div. per D1.Y.!. 

]1 79 8 1.1,00 
1768 8 1500 589 0.170 0.01 l 
2197 8 1600 429 0.]86 0.012 

678 9 1600 
1761i 9 1700 1087 0.092 0.0054 
241+0 9 1800 675 O.ll.8 0.008 

1170 10 1800 
1983 10 1900 813 0.123 0.0065 
2405 10 2000 422 0.237 0 . 012 

Width of smnl1e$t division of mcr king: 0.08 inch. 

Freq. 
Kcs. 

4000 

7500 

]8000 

2000 

3000 

4500 

9000 

M.O. 
Isg 

12 

15 

13 

13 

12 

12 

TABLE ;39 

Model TBN-2 Tro.nsmitter (Preli minary Model ) 

High .Frequency Unit 

DETERMINATION OF POWER OUTPUT. 

Test as per paragraph 3-3 of Specifications RE l'.3A 442D. 

Output measurements obtained by using~ photronic cell to 
determine power dissiputed in u 500 watt le.mp. 

u.o. Doub. I.A. I. A. P. A. P.L Ant. Pla.te V:a.tts 

12-. Jp_ !g_ !IL Ii:; !I?_ _I_ Volts Output 

84 42 13 58 6o 350 1.0 3060 610 

90 62 23 52 47 350 1.0 3050 552 

78 58 21 122 42 350 3050 340 

IQ• Power Operation 

78 58 32 99 3060 85 

80 49 31 130 3060 100 

72 100 25 130 3060 102 

11.5 83 70 22 130 3060 97 



freq. 
Kcs. ----
4,000 
8,000 

12,000 
18,000 

TABLE 40 

i\!otlel TBN-2 Transmitter (Preliminc.ry ~odel) 

High Frequency Unit 

MCW OPERATION. 

Test as per paragraph 3-.41 of Specifica t ions RE lJA 497A. 

Osc. p·.A. Wutts Watts Percent of Percent Mod. 
!E_ IQ_ MCW -9JL_ CW Power ~ Pas. 

45 333 445 574 77. 5 68 19 
45 282 373 500 74. 5 65 20 
45 290 308 L~6 74.0 65 18 
45 274 221 316 70. 0 71 21 

Specifications require that the signal be modulated not l es s thm1 70% 
and that the power be reduced to not less t hwi 50%. 

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

Volt&ge 
Ta:12 

7 
6 
5 
4 
"2 .,, 
2 
1 

TABLE 41 

Model TBN- 2 Transmitter (Prel iminary Model) 

High Frequency Uni t 

CONTROL OF POWER OUTPUT. 

Test as per paragraph 3-25 of Speci ficat ions RE 13A 442D. 

Frequency Plate Plat e Watts Percent 
Kcs. Volts _I_ Output Power 

4500.210 3310 363 680 118 
.200 3020 3.38 576 100 
:225 2680 JOO 436 76 
.200 2300 260 306 53 
.225 2000 200 278 48 
.220 1640 1 20 1 55 Z7 
.245 1320 70 86 15 

MuXimun frequency chf,.l}ge: 45 cycles or 0.001%. 



TABLE 42 

Model TBN-2 TrE>.nsmitter (Prelim.inary Model) 

Telephone F.quipmcnt 

CHECK OF OUTPUT LEVELS FROM VARIOUS POINTS OF CONTROL. 

Input voltage to microphone t~rmin&l.s 400 cycles, held 
const&nt at 500 millivolt~. 

Input voltage D.B. Level 
applied at Indicator Channel 

Master l.ioni tor 0 A 
&s ter Koni tor +o.8 B 
Mllster Monitor +o • .5 C 
Muster Monitor +1.0 D 

St~tion Control #2 -5-8 A 
Stlltion Control (/2 -4.8 B 
Station Control #2 -5.0 C 
Station Control #2 -4.8 D 

Ext. 1. on Station Control /12 -5-2 A 

St~tion Control"#l -5-3 A 
Station Control 1/l -4-8 B 
St~tion Control 1/l -5-0 C 
Stution Control #l -4-5 D 

Ext. l on Station Control 1/l. -5-.3 B 

Station control #2 on Channel ffA" E.l.one produced a level of -5.5 D.B. 
When selector key on !La.star Monitor, Ch&nnel "A", vm~ closed the level 
dropped to -7 .o. When the "Radio-Interphone" key on Master Monitor 
lr,;i.S thrown to radio the level dropped to -9.0 D.B. 

Note: With this latter condition prevailing, Channel "A" could be 
modulated from t wo locations at the se.me time; 1. e., froo 
Station Control #2 and from the Master Monitor position. 



TI.I3LE 43 

Yodel l'BN- 2 'l'r,anr.t:ltt.er (Prclilllinc.ry Uodcl ) 

Telephone Equipment 

DISTORTlON CHARACTERISTIC OF LEVEL INDICATORS ON l!J.STER llONirOR. 

Test as per paragraph 3A-9- 5 and 6 of Spe<-if fof;tionf: RE 13A 497A. 

Expltnution: With a conett.nt s.udfo input at 400 cycles , t he Transmi tter 
Line Level Control was edju~ted to -6 D.B. , which iE equal 
to 50% modulr.tlon. The rMge swi t ch con t r ollir.g t he 'l'rr.n~­
mi t ter Line Level Incllcstor WGS then thro.m to et.ch of the 
three po~itlons in turn, i .e., ~10, 0 und +10. The di s­
tortion cbf:.l'acteristic of the Line Amplifier in the Jtr.ster 
Monitor was then determined for each position of the Line 
Level Indicr.tor &nee Switch. 

CH.ANNEL 11 A" 

Percent 
ldodulE.. tion 

Percent 
Distortion 

Posi tion of 
Range Switch 

50 
43 
50 

50 
42 
51 

50 
42 
52 

50 
42 
52 

CHANNEL "B" 

3.8 
6.2 
3.7 

CHANNEL "0" 

CHANNEL "D" 

3.7 
5.9 
3.6 

0 
-10 
+10 

0 
-10 
+10 

0 
-10 
+10 

0 
- 10 
+10 

In the follo~ing tests the percentage modulation m.s held constr.nt ot 50% 
in nll three positions of the renge switch and the dist ortion measured 
under these conditions. 

50 
50 ,u 

CHANNEL "A" 

3.6 
.7.2 
3.2 

(Continued) 

0 
-10 
+10 



Time 

1430 
1445 
1500 
1515 
1530 
1545 
1600 
1615 
1630 

Percent 
llodul c.. tion 

50 
50 
50 

50 
50 
50 

50 
50 
50 

TABLE 43 (Continu~gl 

Percent 
Distortion 

Clilu~N EL "B" 

CHANNEL "C" 

J.8 
7.5 
3.6 

CRANNEL "D" 

3.7 
6.2 
3.6 

TllBLE 44 

Position of 
Range fr;;i tch 

0 
.... 10 
+10 

0 
-10 
+10 

0 
-10 
+10 

Model TBN-2 Transmitter (Prel iminary Model) 

Telephone Power Unit 

TEMPERATURE RUN ON RECTOX UNITS. 

Test as per paragraph JA-10 of Specifications RE 13A 497. 

Temp. of Temp. of 
Ambient Top Bottom Output Load 
Temp. 0 c. Row Row Voltage Current 

30.0 35.0 32.8 11.5 6.0 
J0.6 38.2 35.3 11.l 5.8 
30.5 42.0 38.0 10.8 5.5 
J0.7 43.? 38.5 10.5 5.4. 
30.4 44.0 39.0 10.4 5.4 
30.8 44.1 38,7 10. 3 5.3 
30,8 44,2 38.8 10.3 5.2 
30,0 43.5 37.6 10.3 5.2 
30. 8 43.9 38.5 10.1 5.2 

Load current adjusted to 6 amps. at stc.rt. 
Line volts at start of test - (440) 110 
Line volts at end or test - (442) 110.5 



TABLE 45 

Model TBN-2 Transmitter (Preliminary Model) 

Telephone Equipment 

EFFECT U?O.H :MODULATION OF D.C. CURRENT IN MASTER MONITOR 
MICROPHONE CIRCUlT. 

Input voltage at 1000 cycles. 

Microphone Input Percent 
Current Voltage Modulation 

0 MA 0.520 95 
10 0.545 95 
20 0.570 95 
30 0.620 95 
40 o.695 95 
50 0.915 95 
60 1.000 51 

Input vo~tagc nt 300 cycles. 

0 1.00 51 
10 1.00 48 
20 1.00 44 
30 1.00 36 
40 1.00 27 
50 1.00 14 

Input volt~ge at ~000 oyoles. 

.GO o.600 92 
50 o.600 56 · 
60 o.600 22 



· Shock No . 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

TABLE 46 

Model TBN-2 Trsnsmi tter (Preliminary lilodel) 

Intermediate Frequency Unit 

SHOCK TEST. 

Test as per paragraph 3-65 of Specifications RE 13A 497A 

Frequency Frequency Cycles 
before Shock after ~"hock Difference 

2000.515 2000.565 
· • 565 

.623 

.660 

.698 

Maximum frequency change: 
Average frequency change: 

. 623 

.66o 

.698 
,723 

58 cycles; 0.0029% 
41 cycles; 0.002% 

1000.415 1000.348 
.352 -327 
.327 .319 
.319 .318 
• .318 .324 

Mrudmum frequency ch6n.ge: 67 cycles; 0.0067% 
Average frequency change: 21 cycles; 0.0021% 

300.574 
-548 
.540 
.560 
. 549 

300.548 
-540 

Maximum frequency change: 
Average frequency change: 

-560 
• 549 
.5.31 

26 cycles; 0.0086%. 
16 cycles; 0.0053%. 

50 
58 
37 
38 
25 

67 
25 
8 
1 
6 

26 
8 

20 
11 
18 

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



TJ,BLE 47 

Model TBN-2 Transmitter (Prellminary 1.iodel ) 

Intermedi ate Frequency Unit 

POWER REQUIRED FROM ~UPPLY LINES. 

Test as per parae;ra:ph 6-5 of Specifications RE 13.A 497A 

Control circuit, rectifier filrunents, and he&ter 

t~l circuits energized, key open 

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

Control circuits and heater only 

Control circuits only 

Watts 

870 

1800 

3800 

450 

200 

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

Rectifier 
Tap 

7 
6 
5 
4 
3 
2 
l 

P.A. 
!£_ 

800 
740 
660 
570 
47Q 
380 
260 

450 

P.A. 
~ 

2400 
2220 
2010 
1800 
1580 
1380 
1140 

2250 

Antenn& Watts Input from Line 
Curr ent Key Open Key Closed 

14.15 1850 41~0 
13.0 1800 3800 
11.6 1740 3380 
10.0 1680 3000 

8.45 1620 2600 
6.7 1580 2280 
2.4 1550 .2000 

1800 3220 



TABLE 48 

Model TBN-2 Transmitter (Prelimint..ry Model) 

Hi gh Frequency Unit 

POWER REQUIRJ:m FROY SUPPLY LINES. 

Test as per paragraph 6-5 of Specifications RE 13A 497A 

Watts 

Control circuits, rectifier filaments and heater 900 

~il circuits energized, key open, heater on 1930 

Complete transmitter, full power, tnp 6, key locked, CW 3350 

Cooplete t ranSJ!litter, full poner, phone, 100% modulation 4010 

Control circuits and heater only 500 

Control circuits only 270 

Transmitter oper"ting at 2000 kcs. into 6 ohm antenna (CW). 

Rectifier P.A. P.A. Antenna. Watts Input from Line 
Tap [R_ ~ Current Key Open Key Closed 

7 375 3410 9.8 2020 3740 
6 350 2990 9.7 1930 3350 
5 290 2630 8.2 1820 2910 
4 242 2250 6.8 1740 2520 
3 190 1940 5.4 1670 2230 
2 140 1620 2 . 0 1600 2000 
1 80 1.320 0.6 1550 1820 



TABLE 49 

Model TBN-.2 Trans::iitte:r (Prellmin&ry Moclel) 

Rectifier Unit 

CONVERSION FACTOR OF IU.rn PLATE RECTIFIER. 

Test as per paragraph 6;-45 of Specii'ications RE lJA 497A. 

Input watts: 2482 
Output watts; 2078 

Efficiency of conversion: 83.7% 

Efficiency of conversion required by specifications: not less 
than 80%. 

TABLE so 
Model TBN-2 Transmitter (Preliminary Model) 

Reoti!'ier Unit 

VOLTAGE REGULATION OF RECTIFIERS 

T,st as per paragraph 6-46 o! Speoifications RE 13.A 497A 

Voltage Voltage Percent. 
Rectifier No Load Ml Loa(l Regulation 

Main Plate 2310 2185 5.4% 

Mid Tap 1140 1120 l.~ 

Auxiliary Plate 1055 1040 1.4i 

Bias 305 302 1.oi 

Pormittad ~ Speo1f1oo.tionai 

li&.ln Plate s• Auxlllia;y 6j 
Bit.I 6j 



TABLE 51 

Model TBN-2 Transmitte r (Prelimln~u-y Model) 

Rectifi er F,quipment 

ME.ASUREUENT OF RIPPLE VOLTAGF.S. 

Test as per Speci f i cationn RE 13A 497A, Paragraph 6-47. 

Rect ifier 

Main Plate 

Mid Tap 

J,uxiliary 

Bi~s 

Control 

DC 
Volta ge 

2210 

1085 

1015 

307 

110 

1.2 

0.6 

4. 5 

Ripple Voltage at (Cycles) 

0.9 

2. 3 2.2 

0.75 

1.4 

1.3 

0.75 

{In addition the control rectifier showed 1.8 volts 
at · 300 cycles; 1.2 vol ts nt 420 cycles; and 0. 7 
volts at 540 cycles.) 

SU'Ji!lJARY 

Recti fier Total Ripple Percent Ripple 

Main Plate 5. 75 vol ts 0.26 

Mid Tap 1.87 0.17 

Auxiliary 6. 0 0.59 

Bins 1.3 0.40 

Control 8.66 7,80 

1.2 

Not e: The total ripple voltage is obtained by taking the square 
root of the Sl.lr.l. of the squares at the various frequencies 
measured. 

Permitted by Specificittions: 

Main Plato 
Auxiliary 
Bias 



TABLE 52 

lftoclel TBN- .Z Tro.n~tter {Preli:ninc..r-1 Model} 

Rectifier Unit 

VARIATION OF RECTli'IER OUTPUT VOLTAGE. 

Test as per paragraph 6-50 of Specifications RE 13A 497A. 

Recti.i'ier Rectifier Percentage 
Tap Switch Output Voltage of Normnl 

7 3310 110 
6 3020 100 
5 2680 89 
4 2300 76 
3 2000 66 
2 1640 55 
l 1320 44 

TABLE 53 

Model TBN-2 TranSlllitter (Preliminary Model) 

Rectifier Unit 

LIST Of CONTROLS FUR OPERATION OF RECTIFIER UNIT. 

Volume Control 
Intermediate Amplifier Bias Control 
Modulator Bias Contr ol, Tube No. 1 
Modulctor Bias Control, Tube No. 2 
Voice Relay Sensitivi t y Control 
Filament Rheostat 
2-Position 11Talk-Off" Switch 
3- Positlon "Voice Relay- Manual" Swi t ch 
Microphone Jack 
&lergency Switch 
Power Supply Switch 
Voltmeter Switch 
Filament Stand-by Switch 
Filament Rheostat 
Tra.11sfer Switch, 4 points, interlocked 
Tap Switch, 7 points , interlocked 



Observer 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

Observer 

A 
B 
C 
D 
E 
.F 
a 
H 
I 
J 

TABLE i4. 

Model TBN-2 Transmitter (Preliminar-.r Model ) 

High Frequen~y Telephone Unit 

IliTELLIGIBILITY TF.ST OF MICROPHONES 

Errors made by Listeners 
Test No. 1 Tes t No. 2 Test No. 3 

2 15 2 
2 14 8 
7 16 1 

11 21 10 
11 18 11 

4 19 4 
4 20 1 
3 16 5 
J 14 3 
4 22 2 

Totals - 51 175 47 

Tabulat i on of Error s according to Speakers. 

Preference of 
Observer 

Test No. 3 
Test No. 1 
Test No. 3 
Test No. 3 
Test No. 3 
Test No. 3 
Test No. 3 
Test No. 1 
Test No. 3 
Test No. 3 

(8 for Test 3) 
(2 for Test l) 

Speaker A Speaker B Speaker C Speaker D 

6 5 3 5 
6 7 3 8 
8 4 5 7 

15 13 5 9 
13 ll 7 9 

8 4 6 9 
6 7 5 7 
9 6 5 4 
6 5 3 6 
7 7 6 8 

Totals - 84 69 48 72 

( Continued) 



TLBLE 51. ( Continued) 

Tabulr~tion of errors according t o s pec.kcrs and mlcr ophonei=;. 

S2erurnr A Spcc.ker B SEcnker C Speaker D 
Test No. Test No. Test No. Test No. 

Observer ..1. 2 -3. ..1. 2. -1 ..1. 2 ..l -1. 2. -3. 

A 1 5 0 1 3 1 0 2 l 0 5 0 
B 1 1 4 0 5 2 0 .3 0 1 5 2 
C 3 5 0 1 3 0 2 3 0 1 5 1 
D 3 8 4 3 5 5 2 3 0 3 5 1 
E 3 7 3 3 4 4 3 2 2 2 5 2 
F 1 6 1 1 3 0 1 4 1 1 6 2 
G 1 5 0 1 6 0 0 4 1 2 5 0 
H 1 6 2 1 4 1 0 4 1 1 2 1 
I 1 5 0 1 3 l 1 2 0 0 4 2 
J 0 7 0 0 6 l 2 3 1 2 6 0 

Totals 15 55 14 12 42 15 11 30 7 13 48 11 
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