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SECTION I 

AUTHORIZATim1 
i I' 

1-1, The tests herein reported were authorized by Bureau of Ships 
letter 567/43 {10-19-DR6) of 23 October 1940. The above letter assi gned 
Bureau of Ships Problem T5-34C, Priority A, to cover the tests of the i · 
Western Electric Type 226C, 25 watt radio telephone equipment. 

I 

OBJECT OF TEST 
I 

The objel t of the test was: 1-2, 

(a) 
I 

To examine the equipment ror the purpose of determining its 
ability tp withstand the rigors of Naval usage. ; 1 

· 

(b) To determine the performance of the equipment when it was 
subjected1to the various conditions likel y to be encountered 
in the Naval service. · 

(c) 
! : : 

To ascert~in -,mat changes or modifici~'i are necessary o:r 
desirable lin the equipmen~ to insure sati sfactory operatio~ : 
under Na~ service conditions. 

ABSTRACT OF TESTS 

1-3, The tests )herein reported were conducted with a view. of det~rmin­
ing the potentialities of the equipment under Naval conditions of oper~tion. 
Briefly, inspection~ tests were conducted as follows: 

I 
(a) Transmitter. 

General examinaiion of equipment. 
. I 

(1) Check of ~cuum tubes employed and method of mounting , 
(2) Inspection of panel controls. 
(3) Investiga~ion of tuning methods. 
(4) Accessibility, ease of adjustment; and protective features. 
(5) Wiring. i 
(6) Insulatio~. 
(7) Weight and dimensions. 
(8) Physical construction, ventilation, corrosion resisting measures. 
(9) Check of meters, switches, resistors, fuses, capacitors, etc~ 
(10) Mounting ahd shock proofing methods. ; 
(11) Handset, controls and mounting. 
(12) Connection: facilities . . 
(13) Power equipment. 

- l - DECLASSIFIED 



Operatiorial data and tests. 

~r output 

0

dete:rmination. 
Effect of temperature variations. 
Etrect of humidity. 

(2 (ll 
(3 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10) 

Effect of vibration. 
' Locked key operation. 

todal am remote control features • . 
Modulation characteristics. 
B?'e1ak-in method. 
P~r required for operation. 
Instruction book. 

I (b) Receiver 

General ekmination of equipment. 
I 

Eleptrical inspection or circuits, etc. 

I , 

DECLASSIFIED 

(1) 
(2) 
{3) 
(4) 

Uec~anical inspection of components, controls,: 
Instruction Book. 
spate Parts . I . 

OJ?E!rational Data and Tests 
I 

(1) Listening tests on antenna 
(2) Laboratory measurements in shiil;ded room. 

(3) 
(4) 
(5) 

A. Sensitivity and Noise Ou~put 
3. Image Ratio 
c. I . F. Response 
D. Sel.ectivity · 
E. !Resonant Overload 
F. iE.ffeot of Eodulation Depth 
G. \Gain Control Range. 
H. \~1ation of Oscillator Frequency. 

Effects or temperature variations. 
Effe'cts or humidity variations . 
Effe:cts of vibration. 
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CONCLUSIONS 
oecuss1F1eo 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

The general appearance and construction of t he Model 2~6c 
equiP,'ment are good. Component parts of good quality ~e 
employed, although not all parts would comply with thejusual 
requirements of Naval specifications. Standard tubes of a 
minimum number of types are used. ! · 

The tbine and antenna adjustments provided for 'placing 
the transmitter into operation are simple in character j : 
and ~ford a means of obtaining compromise adjustments :for 
opera:tion on four frequencies. If t he equipment is intended 
for liae in a manner where original adjustments are ma.de and 
permi'.tted to remain fixed for long periods of time, th~ - · 
method provided is suitable. However, should the equipment 

I , 
be u~ed under oonditiona requiring frequent adjustment :of the 

-· -c~ts the present adjustment means would be ~ound to. be 
labotious if not entirely inadequate. 

A nJer of minor modifications are indicated to improve 
' I ope~tion and maintenance of the transmitter circuits;:and, 

if th'e equipment is intended for use where severe vibration 
exists, an improved method of mounting should be provided. 

I· · 1 I ' 
The rel ceiver has good sensitivity~ selectivity, :image r~ti.o,etc. . . , I, 
The r,ecei ver has exceptionally- good AVC char.ar..t.P.rJ_<:.tJ.t-~q f.rir -

its d'esigned service. 
I . , 

The ~eceiver apparentl.y is not affected to any great eJ_Ctent by 
expos;ure to hir_:h humidity; it can be started cold under such 
cond.Uions with a relatively small loss of gain, which I is 
rest~red very rapidly. · · 

I ; 
Variations in temperature do not have any serious effect 
on re;ceiver gain, except for a tendency toward instabi+ity 
at l~w temperatures. Controls seem to operate satisfac~orily 
at alCI. temperatures tested. 

While! precision measurements could not be made on changes in 
receiver frequency during the temperature and humidity jtests, 
there1 were no apparent changes in frequency of maximum ; 
resporse that were outside of signal generator ~rror. 

I I 

In m<ist instances, rel.atively slight changes in ;components 
would! bring the receiver much closer to meeting the require-
ments! of Naval service. 1 • 

I 

-3-
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(j) 

(k) 

(l) 

DECLASSIFIED 

The relat~vely poor performance of the receiver during 
listening.tests on weak signals in the presence of strong 
local]electrical noise ia a serious defect in an otherwise 
excellent receiver. This may possibly be a defect of the 
individual unit tested. · · 

The necessity of tuning the signal in "by ear'' with a timing · 
knob, I in addition to setting the receiver oscillator fr~uency 
by me~s of the band or frequency switch, complicat es operation 
o'f the ·equipment, particularly in the presence of strong local 
acous{ical noise. · · · 

The qtiality of reproduction on voice was excellent at ail 
signai levels. !lodulation measurements indicate : linear ' ' 
re~se up to high modul~tion levels. 

- 4 -
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RECO?!HElIDATIONS DEC1.Ass1F1Eo 
It is 

(1) 

(2) 

(3) 

(4) 

( 5) 

(6) 

{7) 

(8) 

(9) 

(10) 

(11) 

(12) 

recommended: 

That pilbt lights or similar power indicators should be pr.o­
vided oti the front oanel for receiver and transmitter power 
circuit,. . ! Par. 2-2·. · · : 

That the1 necessary consideration be given to supplyini su~t­
abl e auxiliary power equipment in. the event the Model 226q : 
equipment is used in locations vmere 110 volts, 60 cycles · 
is not afailable (Par. 2-8-f). ' 

That, ifl frequent tuning operations are contemplated, a more 
sui table•lmeans of making necessary tuning adjustmen_ts be 

1 

provid~dl : (Par. 2-3-b). . , . 

That necessary steps be taken to provide adequate meters and 
auxiliary tuning apparatus to insure satisfactory adjustme;~t 
and maintenance of equipment. (Par. 2-3-c) . 

That suilaole stranded wire be used in locations where lea'd:s 
and cablfs· are subjected to repeated bending. (Par. \ 2-5) . I \ 

Taped wire power cable should be replaced by rubber: sheath;ed 
cable, (Par, 3-9-(b-)). 

It is re~o~~nded that flame proof wire of an approved t~, _ 
insulated for at least 300 volts continuous operation, be I : . 
used for wiring throughout the receiver circuits. (;Par. 3-

1
9-(m) ). 

That all connection terminals be protected against corrosion; 
that suitable methods for clamping the power leads be provided 
and that I a more satisfactory location for bringing the povk.r · 
leads into the cabinet be provided, (Par. 2-12) . 

1 . . · · I · 

All terminal strips and boards should be wax treated against 
moisture! (Par. 3~9 (1)). · ' 

Bakelitelwafer-type tube and crystal sockets should' be re~laced 
by an approved ceramic type or else suitably wax-treated against 
moisture! (Par. 2-6, 3-9 (g ) ) . ' · · 

That, in lthe interests of corrosion prevention, the' t ype t,:'W; 
resistor~ be equipped with plated brass rather t han: platedi : 
steel mounting clamps and lugs. (Par. 2-9-c) . 

I , . 
Potting µ1 an approved compound, or otherwise suitably protect­
ing the +oud-speaker input transformer, is recommended. ' · 
(Par. J-9 (e)) , 

i 

- 5 -
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(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

DECLASSIFIED 

I! 
All unpo~ted choke coils should be protected by an annrnn,--t 11.te 
wax treatment. (Par. 3-9 (i)) . 

That preLiutions be taken to prevent leakage of comp0und from 
Transformer T- 2. (Par. 2-8-d) . 

. I C • • : I I 
That the1Stat1on Selector SWl.tch be more securely f~stenedl ,to 
the shafh either by use of two set- screws or by me~s of /1. 
taper pin, · (See par. 2-2). 

That the I n~c;essary provision be made to insure that: the antenna 
binding post grips the antenna wire securely, (Par~ 2-9-f~'.. I I I ( : 

That a me~s for suitably shock mounting the equipment be 
ProvidedJ (Par, 2-10). - I . 
That suitable means for seclU'ing the handset against pitchi ; 
and rolllbe provided; that the tension of the hook switch 
spring be increased and that provision be made for servic~ 
the pushi to- talk switch in the hand set. (Par. 2-11). . . 
Receiver Jand transmitter crystal frequencies should be pla;tnly 
identified .on the crystal holders. {Par. 3-9 (a)). 

I , 
11Goat11-type tube shields should be replaced by an approvedlwell- . 
grounded ltype. (Par, 3-9 (h)). j . · 

It is recommended that approval be given the use of ,a 25 MF, 
25 volt ~le~trolytic condenser in a metal case for 9athode]: 
by-,-passing.- (Par. 3-9 (j)). 

All toggJe 
1

switchea should be of the same approved type and · 
manufactui-e, preferably enclosed in a molded case, with he~vy 
silver cohtact surfaces . (Par. 3-9- (k)) . · · I ! -

It is red.ommended that all. controls that are lubricated in]':1se 
shall emP,loy a suitable lubricant which will not change its : 
viscositii, in the temperature range of +50° to ~15° ;c., s~fi­
ciently tb affect operation of the control to any considerable 
extent. (Par. 3- 7-b). · ' · 

The causel of the receiver's tendency to operate poorly und~~ 
strong lopal electrical noise conditions should be determined 
and corrected,. if readily possible, (Par. 3-9 (n)).: 

Steps shohld be taken to red~ce the radiation voltaies ap~ar-
ing at thb antenna terminal. (Par. 3-9 ( o)). ; 1 ' 

I 

- 6 - DECLASSIFIED 



(26) 

(27) 

(28) 

I ; 

D'ECLASSJFIED 

I . • • i I : 
The tendency t oward receiver instability at low temperatures 
should bb corrected, if readily possible. (Par, 3-;9 (p)).I 1 

While thl ~se of steel for cabinet and chassis is undesirable, 
I · I ' it may be desirable to waive this requirement in the present 

instance\ f~r reasons of availability. (Par. 3-9(d)?. 1
: 

That consideration be given to providing sufficient: and su'.it­
able spare parts with the Model 226C equipment. (Par. 2-2/4!),. 

I I I! 

- ? -
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MATERIAL UNDER TESTi , 
i : 

DECLAss,F,eo 

1-4. The mate~ial under test consisted of the following: 

1 - Model 226cl ;25 vratt, Radio Telephone Equipment. 
Western Electric Company 
Serial No. l lllO 
equi pped _,nth following vacuum tubes: 

I. 2 - 807 
: 2 - 6Ih 
; 1 - 5ZJ 
' l - 6L?G 
1 2 - 6K?G 
' l - 6C5G 
,1. - 6Q?G 
,1 - 6K6G 
\ 

l - 9D ~48-I'tZ Plate, 
17i97.ooo kc 
2182. 000 kc 

1 - 9D QJa~z Plate, 
219?. 000 kc 
2f26~000 kc 
' \ : 

1 - 5D Quartz Plate, 
21).5 kc 
2500 kc 

Ser. No, -657 

Ser. No. 539 

Ser. No. 3409 

l - Instruction Bulletin 1962P 
. t 

1-5 , Plates TR~l', TR-2 and 'rn- 3 are views showing the construct~on 
of the Hodel 226C eq*ipment. 

1-6. The l;odel \226C equipment was received at the Naval .:irsearchi i 
Laboratory on Septeml?er 24, 1940, 

METHOD OF TEST 

1-7. The equi~~t, ,men received, · was carefully unpacked· and 
examined. Adequate precautions had been taken in preparing,_ the equipt! 
ment for shipment and no damage had occurred during transit. With the 
aid of the instructiqn bulletin furnished the equipment was placed int9 : 
commission. 

Transmitter 

1- 8. The eeneral construction of the transmitter was examined an4 ! 
t he component parts ~re inspected as completely as possible without 
r esorting to completejdisassembly or destruction of the various parts. 

- 8 - DECLASSIFIED 



DEco.ss1F1Eo 
' , I .' 

1-9 The tra~smitter was adjusted in accordance with the direc~ions 
er :tained in the instruction pamphlet to operate at several frequencies, 
gc. ,emed by the crystals furnished. Measurements of power ou~put ( c~rriex­
pc ;er) were made by means of a lamp load and a photronic cell~ Two 15 watt, 
3; volt lamps, co~ected in paralle~ were used as a ~oad resi~tance, I !A · 

·cE .. )aC:itor of 300 µµf was connected 1n series with this load. • The bases 
of the lamps were ~emoved to minimize capacity losses. A photronic cell, 
r:>;idly anchored a~ a definite distance from the lamp load, ai:,.a a nubro-
ar.- ieter ~rere used to determine the power dissipated. A quick :acting~ : low . 
c& , acity switch wad used to transfer the lamp load from the R~F. source to '. 
a '.)0 cycle calibrating source in order that the various parts '. of the j load • 
ar~ i measuring circtiit might be maintained at temperature equilibrium~ i A l 
pr :cision type wattmeter (Weston Model 310, Ser. 7966) was used to deter- : 

I ' ' , m:i~e the exact power required to produce the same photronic cell deflection 
wt 'Lch was obtaine~ lf~om the output ·of the transmitter, ' ' ' · 

1-10. The complete equipment wa.s placed withi.n a test chamber a.lid 
Sl,-:)jected to variat'ions in ambient temperature and relative htjmidityJ i A 
Uc .iel LK crystal cdntrolled drift indicator was used to monitor the 6utput 
fr~quency of t he t~ansmitter under test. The Model 226C transmitter [,ras 
l n ded into a dummYi antenna consistin~ of a 300 ).lµf capacitor 1and a 25 ohm 
l e: inductance plaque resistor. Provision was made to check ~he pow~r 
o~~put of the transmitter under test at stated intervals during the d~urse 
oi the various test~ conducted in the test chamber. The ambient tem20r-

1 I ! i 

at~re was varied between the limits of plus 50 degrees Centigrade and ; 
ar )r oxilliately minus\ 15 degrees Centigrade. The relative humidity wa~ : 
va - i ed bet ween the ~imits of approximately 30% and 95% at a temperat¥'.e 
of 40 de gr ees Centigrade. 

1-11. The abillty of the equipment to withstand vibration was deter­
mi ·1e d by mounting the unit on a vibration platform which was ~pable [of 
p10ducing vibration\of varying degrees of amplitude and frequency. ~he 
eq:lipment under test was kept wider constant observation and voice signals 

I • , 

wc·e monitored and observed by means of a nearby receiver. 
l ' . I 

1-12. The t~odel 226C equipment was operated into an actual antenna 
wb }Se quarter wave resonance point was approximately 2900 kc. : The re's'ist­
an ::e of this antenn~ ranged between 5 ohms at 2100 kc and 9 ohms at 2too 
kc. The capacity of the antenna fel.l between the limits of 550 )JJ.lf a:t· 2100 
kc and approximatel y 2000 µµf at 2700 kc. When operating into; this ahtenna' 
a 100 Jlµf series condenser was used. . ' . 

I 

1-lJ. The receiver section of the equipment was examined; ' first, ! from 
t r. ' electrical viewpoint, ,vith most of the information being derived from 
t r. , circuit schernat~c dia~.ram and other parts of the instruction book~ ; 
se ond, from the mechanical and structural viewpoint by direct •visual!in­
sr ctiori. The resu~ts of these exam.i."lations are given in paragraphs 1' 
3- - and 3-2. . 

- 9 -
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I . I I I 

1- 14. The equipment was operated on an antenna (described in paI,'a-
graph 1-12) £or listening tests. A controllable standard signal was 
provided from an antenna about 1000 £eet away and tests were made at 
var ious levels, wit~ and without modulation. The results of these t~sts 
are described in paragraph 3-5 and are shown in Tables R- 1, R- 2 and R- 3. ••, . I : ' I I 

1- 15. The receiver characteristics were measured in a shiel ded room, I . I 

using a standard signal generator (Measurements, Inc. llodel 65. Ser. 1 7io) 
and a standard dummy antenna ( General Radio Type 418G). The audio output 
was measured by means of an output meter· (General Radio Type 583A, Serial 
64) . The sensitivity of the receiver was measured at full gain, sinde the 
noise level on loud~speaker operation was very low. A value of signal 
plus noise out put of 40 milliwatts was chosen as being far enough below 
the AVC threshold ~int at 30% modulation. Noise output was also medsured , 
both with modulatioh off and carrier of f . Selectivit y was measured ~t the : 
sanie constant_ output l evel , with the input frequency varied at variou_~ 
input levels t o give t he same output reading on both sides of ~he frequency 

I I · of maximum response 
1
• . Imaze ratio was det ermined by measuremen:t, of tqe · 

input at the. image frequency necessary t o give 40 milliwatts out put . iThis 
value of input was ~ivided by the input for 40 mi l l iwatts Qutput at t~e 
desired frequency tp i;i ve the image ratio. ·· ' · 

1 

• 

A resonant overload characteristic measurement was made, nth 
inputs f rom 0 . 1 mictovolt to 2 volts. Noise level with modulati on off 
was measured at e!)-C~ point. The ef.fect of various carrier modulatio~ 1per­
centages was determined in terms of A.F. output at 400 cps. The attentua­
tion of the gain control was measured at the point of minimum output.I; 

i · I I 

The voltage appearing at the antenna binding post d~e t o t~e 
receiver oscillatorjwas measured by substitution. The output caused ~y 
this undesired volt~ge 1n another receiver, coupled to the antenna pos·t 
of the }"!estern Elect,ric equipment through 5000 ohms resistance·, was . 1 1 

measured. The stanq_ard signal generator was then substitut ed f or theli . 
Western Electr ic re9eiver, and the input necessary to give t he: same output 
from the measuring ;-eceiver was determined. This measurement was mad:e: at 
the fundamental , second harmonic, third harmonic, etc. , of t hei oscillfil,tor 
frequency. 

I 

The results of the above measurements are descri bed[ in paragraph: 
3-6 (a to f ) and arJ shown on Plates R-1, R-2 and R- 3, and Tables R-4'.: R-5 ,: 
R-6, R-7. ' 

1- 16. The equipment ,ms set up in the temperature and humidi t y cramber, 
as described in par~ l-10, 2-15, and 2-16. Signal generator . and outpµt 
meter connections were made as shown in Plate TR-4. Since t he' t ransm:i.tter . 
output load was lef~ connected to the antenna post of the equipment through~ 
out the t emperaturei h~dity tests, a 1000 ohm non-inductive r~si stor!~as 
used to isolat e the !equipments under test from each other , and, al so tp 
protect the signal generator f rom the transmitter antenna voltage during 
operati on of t he transmitt er, Changes in gain and noise level:were meas- . \ · w--~ --~ ..., ••1i.-. · l",~;· ·.,- .~· -.~••.•-r. e" . , 

:'.•',··', 
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O~r,, p. ·- .. ·. : .~f f:'E 
ured during the course of the tests described in the above mentioned lpara-:..O 
graphs and as given! in par. 3-?. Results of the test s are sho!f?l on ~lates 
R-4 , R-5, and R-6 , and Tabl es R- 8, R-9, and R-10. 

1- 1?. The equipment was set up for vibration t est, as des:cribed ifo 
par. 1- 10 and 2-17. ; The receiver was checked for changes in gain or 
functioning , with t~e results given in par. 3-8. 

1-18. No receiyer frequency measurements were made duri ng' the t em­
per ature, humidity, and vibration tests, other than t he signal. genera\or 
dial settings, due primarily to lack of time and the unavail ability o~ · 
precision frequency measuring equipment during the test peri od. 

DATA RECORDED 

1-19. The dat a jrecorded during the test are shown in the appended 
I . . 

tables and plates . !Tables or plates with the prefix TR refer to the ~~uip-
ment as a whole; the prefix 11T11 refers to the transmitter, while the 
prefix "R" covers r~ceiver data. · 

I 

TRANSlUTTER - MECHAf-JICAL DESIGU Al'JD CONSTRUCTION 

2- 1. Vacuum Tubes. The Model 226C Western Electric Radio Tel ephone 
employs the following t ubes in the transmitter sect i on of t he equipme~~: 

(a) One 8<:n ccystal oscillator. 
(b) One 80? pqwer amplifier. 
(c) Two 6L6 1s ;as push-pull modulators. 
(d) One 5Z3 r~ctifier, which is used 

to suppl y !both transmitter and 
receiver. 

The tube sockets ar~ the bakelite wafer type commonl y used in radio re7 
ceivers. No sh<;>ck rl\ounting is employed, and tube base clamps are not ! ; 
used. However , tube] base pins are gripped tightly by the socket cont~cts, 
and no trouble or ~amage resulted during the vibrat ion test to ·which the 
equipment was subjec'ted. Uninsulated clips are used to make contact to 
tube caps. All tube1s employed in the transmitter section of the equipment 
are t ypes which have) received Navy type approval. ' · · 

2-2. Panel Con·trols. The following controls are provided on the 
front panel of the e~uipment : 

(a) _ Station se)lector switch, 4-position. The bakelite knob, one 
inch in diameter, is secured to the shaft with a sin~l e set 
screw. 

(b) "Power- Offl' switch. 2-position nickel pl ated toggle ,switch~ i 

(c) "Speaker-Off" switch. 2-position nickel P.~:\~~j~p..w;e, =-i:t•':l),• · 
tf :-., ·,, '!:' · 
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(d) "Tuning" control for receiver. 
DECLASSIFIED 

(e) "Sensitiy.Lty" control for rece.iver. 

No indicator lights!are used. In addition to the above controls, wh~eh 
are mounted on the front panel, . a push button 11press-to-t.alk" switch ~s 
built into the handset grip. This push button cannot be locked in t~e 
"on" position. Theiabove controls appear ad$fi'Q&\e in size and: ease ~f:, 
manipulat ion and are so spaced and shaped that they can be operated even 
when conditions reqilie the operator to wear gloves or mittens 1. Howe

1ver, 
it is consi dered adyisaole to either pin t he control knobs, or: at le~s:t 
use two set screws 120° apart rather than depend on the single: screw 
employed at presenti · 

(a) 

(b) 

Tuning., Tuning is accomp1ished by the fol lowing: . 

Crystal 0scillator. Thi a circuit is unt uned. 
I ; 

Power Amplii'ier Tank, Antenna Tuning and Couplin~. 

The tunJg of these elements is accomplished by use'.of a 
~ommon r<}tatable coil having four adjustable roller. contact's. 
A screwd:i,-iver may be used to rotate the coil,and a hole 1n!: 
the top of the cabinet all.ows this to be done with the equi.}r 

I • I . 
ment opei;-ating • . Three of the roller contacts are used for'I 
tuning t~e antenna, while the fourth roller secures ' proper 
plate impedance for the power amplliier t ube. The station 
selector lswitch places various combinati ons of these taps i.n 
the circ~it, depending on i ts position. 
In positions one and two of the selector switch, which are 
n~rmally lused for ship to shore stations, no ohange ;in -the 
roller circuits is made. Hence tuning to these two : f r equencies 
must be a compromise, and optimum condit ions cannot I be att{uned 
simultan~ously on both channels. In posit ion three•of the 
selector jswtich, one portion of the tuning coil is shorted 
out, and 

1
antenna tunin~ for this channel i s therefore in­

dependen~ of the other channels. Tuning of band tlu:-ee is ~c­
complished by movin3 the number three roller along the coil 
to short lout the proper number of turns. Position tour of 
the sele9tor switch .is tuned in the same manner as positio~ 
three, a 1separate roller being used to short out part of 
the t~ _coil. To summarize the above : 

( l ) Tuning of antenna positions one and two is accom- , 
plished by using the rotating feature of the 
tuning coil. 

(2) Positions three and four of the selector switch 
are tuned by moving the proper shorting rollers 
along the coil. The rotating feature of the coil 
is not used. 

• 12 
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(3) Power amplifier loading is adjusted for only 
one frequency. The same setti nz must seive 
for all four channels. 

From this summary it is apparent that the rotatinJ ;feature !' 
of the cpil is used only once in tuning up all f our, bands ) . 
aft er which all subsequent adjustments are made by moving I! 
the coil\ roller contacts. These roller s are diffic'.ult to \ 
adjust ih the present design, and it is necessary tp remove 
the P. A!. vacuum tube in order to reach t he .plate roller . I j 
It is suggested that some easier method of making adjust- 1 

ments bel sought and if possible, a more independent! method, I 
of coupling and tunin;; be provided. 

No met~rk ~re . supplied with the equipment . As st ated on 
Page 16 ?f, the instruction book, the following apparatus 
is required for tuning the antenna: 

. I , . , 
1 ~ ?ob µµf variable air condenser ( calibrated): 
1 - Simple wa vemeter capable of tuning from 2 t ? 6 me• I 
1 - 1, 5 ampere R.F. ronmeter · 

. I : ' I' 
In additto~, the following fixed condensers should ?e avaitfble:

1 

2 - ioo µµf condensers 
2 - 150 µµf condensers 
2 - 200 µµf condensers 
2 ..: 250 µµf condenser.s 
2 - joo µµf condensers 
2 - 500 µµf condensers 

. I . 
In order[to determine the proper plate loadine, a Q.:;-200 
ma. mete1 ~ d a plug to fit jack Jl are al so required. 

2-4• Accessibility and Protection of Personnel. 

Aft er t hJ initial tuning adjustment, using the rotating fe~hure 
of the tuning coil, !further adjustments are accomplished by tilt ing t~e 
front panel f orward.I All component s except the power supply are mounted 
on a shelf wel ded t o the rear of the front panel. Hence, when : in the I : 
tilted position, tatik coil adjustments, and tube and crystal changes can 

I : j . 

be readily accomplished. The front panel is equipped with a sturdy con-
tinuous hinge along li t s lower edge and a catch hol ds the panel la t 35° '\ : 
from t he verti cal wh,en in the forward position. This catch may be i 
released to al low gr'.eat er openin3, but in that case care must be taken ! 
that panel controls 'are not damaged by the supporting table. All comf ! 
ponents of the trans1mit ter become accessibl e for servicing wheri the ~el 
is in this near - horfzontal position. Line fuses, rectifi er tube and ~elays : 
are also accessible,j but several components of the rectifier , i ncludirig : 
wire- wound res istors:, still cannot be serviced .unless the r ecti,.fier c~assis ~ 
mounted in the cabinet itself, is completely removed. This o~r ~tion \l j 
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requires unboltind the equipment from its support, if the bottom of \the 
cabinet is inacce~sible, and removal of six retaining screws~ Prot~ction 
of personnel is provided by the inclusion of an inter-lock switch ay,the 
rear of the panel ishelf which acts to cut off the line supply voltage 
to the equipment ,vhen the front panel is tilted forward. A blocking : con­
denser Cl preventd. d-c from reachin~ the antenna. However, due . to the 
common plate and aptenna tunin3 coil , the ? . A. voltage is pre.sent o~ i 
this component. 

2-5. Wirinb~ In general, the wiring of the Model 2260 equip~~nt 
! I • 

is very well done. I , ' ' 
(a) Unstranded, 22-gauge, tinned, color-coded, braid-insulate~ i 

wire is hsed for wiring most of the circuits. Stranded, I! 
braid-in~ulated wire is used for vacuum tube cap coimectiotis 
and for ieads to the hand-set hook switch mou.~ted on the slde 
of the ca.bfnet. i 1 

' 

(b) Leads rJm:transmitter-receiver to rectifier are ca~led 
togetherJ taped, and led through two holes cut in the 
rectifie~ sub-base. These holes were originally fitted \ 
with gro•ts to prevent chafing the insulation, but these . 
have moved out of position and are no lon1:;er e.ffective. · 
The wire jused in the cabled leads is the solid, 22-gauge 

1 
! 

type described above. This wire is not considered suitable ; 
for applications where movement or bending of the wire in l ' 

operation! will take place, and it is therefore recommended 
that str~

1 
d~d flexible wires be employed for these c.ables . 

(c} Solder i s not depended upon for mechanical strength.I 
Soldering lugs are crimped to ~"ires. 

' . ' 

2-6. Insulation. Ceramic insulation, apparently Isolantite, h'as 
been used in the antenna post insulator, ?. A. tank coil form,! and st'a'tion 
selector switch paris. Phenolic ·insulation has been employed in terminal 
strips, relay parts J switches, tube sockets, crystal holders, ~d fix~d 
condensers. Uicale* is used for ?,A. tank coil and plates. No condehsers 
of the paper-cased iype are used. A fiber grommet is used where the 
antenna lead passes ithrough the metal shelf of the transmitter; and 
choke coil forms are also of fiber. As can be observed in the :above 
list, non-ceramic "'sulation has been employed in some applications where 
i ts use is prohibitep in standard Naval equipment. These are its use \in 
t he antenna transfe~ relay, tube sockets, crystal holders , ant~nna grommet, 
and choke coil forms:. · · 1 

· 

I : 
2-7 •. Weights and Dimensions. The weight and dimensions 'of the 

Model 226C transmitter-receiver are given in Table Tr-1. ' 
I 

- 14 -
DECLASSIFIED 

I .. 



2-8. 

(a) 

(b) 

(c) 

(d) 

(e) 

Generai Physical Construction. 
DECLASSIFIED 

I , . ! 1 1 
Bot h tr~smitter and receiver are assembled to~ether on a ! 
plated steel shelf welded to and supported by the front 
panel. !The rectifier is located in the cabinet itself 
and is assembled on a sub-base secured by six screws to 
the bottom of the cabinet. The cabinet itself encloses 

I · I I 
the entire equipment with the exception of the han~set and i 
hook swftch, which are mounted on a bracket on the i left 1 

' 

side of lthe cabinet. The cabinet is of steel finished in 
gray-wr:µucle on the exterior and plain gray on the :interior. 
The front panel is of aluminum backed by a steel p~nel I i 
painted ~ray on the exposed inner surface. The front pan~l 
itself ~xhibits a pleasing appearance with the raised pla+n 
aluminum: lettering on a ~lossy black background, ~he front 
panel i~ hinged as described in Paragraph 2-4 and is retained 
in the cQosed position by means of two plated- steel thumblll 
screws 51/8 inches in diameter, which engage self-aligning 1 

units fastened to the cabinets. The two thumbscrews are tif 
the non-detachable type; and since they remain fastened tJi

1 , • I 
the pane!!., may be used as handles in opening the set. The i 
continuoµs type hinge alone the lower edge of the f ront ¢,nel 
is of nickel plated brass, mounted in a concealed nianner. ' . i ' 
Steel hak been employed in several instances where it has Ii 
been the practice in Navy apparatus to use other materials.' 
However, where steel has been used, a protective coating 11 
has been applied to prevent corrosion. The hinge along the 

• • I I 

lower edge of the front panel is of nickel plated brass. 
The materials used in construction have apparently been , 
car7fu1~t selected by the manufacturer, and in general th~ l 
choice 1~ verJ eood. 

Thwnbscrt ws holding the front panel in the closed positioni i 
are described above in paragraph 2-8-(a) . Other screws hold­
ing comp9nents to the chassis, and the six screws which fa1sten 
the rectifier unit to the cabinet, are of stainless! steel or 
nickeled 1b~ass. 

1 1 1 

Ventilation has been accomplished by t he provision ~f lou:v~?!S 
on top a4ct, sides of the cabinet. The only evidence '. of over~ 
heating noted during the test period was the leakage of I ' 
compound lfrom T2, the modulator stage input transformer. 
Since the component is mounted adjacent to the modulator 
and rectifier tubes, it is quite likely that heat radiated! : 
by the tlibes cuased the trouble. Failure of the transformer 

I I : 
did not ~ccur. 

The pres~nce of the ventilation loUYers in the top of the 
cabinet ~akes the equipment incapable of withstandir;lg con­
ditions ,'¢lere water may drip upon it, 

- 15 -

DECLASSIFIED 

I • " • 



(f) 

(a) 

(b) 

(c) 

(d) 

(e) 

I I; 
No rotating equipment is included in the set tested, since ! 
it operates directly from a 110...vol t , 60...cycle source. I \ 
Addition~l eq~ipment will be necessary to operate the tratjs­
mitter~receiver if sources other than 110-volt, 60-:cycles I i 

I I are contem~lated. 

Component Parts. 

No meters whatever are provided with the equipment. : As 
pointed iut in paragraph 2-3-C, certain met~rs (not: suppli~) 
are necessary in order to tune the set initially. 

Switches \e~p,loyed in the transmitter are as followsf 

1 - DP~T nickel plated toggle switch (Power-Off).! 
1 - SPIIT nickel plated toggle switch (Speaker-Off), 
1 - SP~ momentary, nickel plated push-to-close 

switch (interlock). 
1 - Hatidset hook switch. 
1 - Twd-section, 4-position station selector 

swiltch. 

The firsJ ~hree switches listed above are of Hart arid Hegeman 
manufactJre. The station selector switch is made by Yaxlez~ 
All switc~es are standard types. 1 1 

All resis~ors employed in the Model 226C are manufactured 
by IRC. 9omposition type resistors are used in rat~ngs up 
to 2 watts, while power resistors are Type l.f:7, wire-wound. 

I • 

The urr resistors are provided with plated steel mounting 
clamps an<i soldering lugs. Since these resistors are ob­
tainable ~th brass clamps and lugs, it is recommended that 
this substitution be made in the interest of greatei re­
liability~ : No.ferrule type resistors are employed, i Except 
in the case of composition resistors, which are provided 
,nth pigt~il leads, ,Ti.ring is not depended upon for mechan~~al 
support. 

The only fuses supplied in the equipment are the t wo; line 
fuses rattkl at 5 amps. These are Littel-fuse No. 5AG of 
the non-rJnewable, glass body type. The dimensions are: 
overall l~ngth - 1-i/2n; diameter of ferrules 13/3211 ~ These' 
are repladeable by Type M, midget Navy standard fuses. Thel \ 
phenolic fuse block is located on the rectifier chassis and!; 
may be reached by tilting the front panel of the t ransmitte~ 
receiver forward to a nearly horizontal position. The fuse1

1 

positions !are not marked in any wav to indicate the fuse 
I ., ' 

rating required. 

Capacitor~ ~sed in the transmitter section of the equi pment I, 
include small bakelite-cased mica condensers and metal-cased: 
by-pass anf t~ilter condensers manufactured by Cornell-Dubill+r • 

. ,.. "1- ~1°'1'l .., .... .,. .... ...... _, ,- •,.~ -_.. • .- .,,.,_. 
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A 25-mfd.~ 25-volt dry electrolytic capacitor, metal..;.encased, 
is used as a f ilter for the microphone current supply. Re- J; 
placement lof all condensers in the transmitter-recei~er portion 
of t he equ.ipnent may . be readily accomplished without :dis- 1 

' 

assembly. I Filter condensers are located on the rectifier 
chassis and the unit must be removed from t he cabinet in the ! 

I ' manner pr~viously described if these components r equ~re reptace-
ment . 

(f) The· antenna terminal is located at the top of the ca~inet 
near th: ~dg7 of the front pai:iel. A spring binding ~ost is I ! 
used which will accommodate mres up t o :J8 BM gauge ~- The I 
clamp has Jrounded edges which do not retain the antenna wire , 
securely, land the wire may be pulled out of the t erminal poh 
without d:i;..fficulty. Since it 'is necessary to disconnect the, 
antenna iii order to tilt the front panel of the set forward J: 
(as in turting up the circuits) it is desirable that ·a quick~ 
convenien~ method of making the antenna connection be provid~d, 
but one wtjich grips the wire in a more satisfactory ~er I j 
than in the present design. 

2-10. Mount~J and Shock-proofing. No shock-proofing· of !any kiild 
is employed in the ~uipment. It is apparently intended for mountinglon 
a flat horizontal s'lirface, since Si.x felt pad feet are proVided on the; 

I · I base. Four slotted lbolt holes in the rear of the cabinet perm~t attay~-
ment to a vertical ~upport . 

2-ll. Handset ] A Western Electric Type F3 handset and hook switch 
is provided with the equipment. The handset merely hangs in the hook 
switch, no retaining spring or clamp being used. This arrangement is 
considered unsatisfactory, and it is recommended that some dev.j.ce be 
provided which willlprevent loss of the handset due to pitch and roll 
or vibration. Durit)g vibration tests to which the equipment was sub­
jected, it was noted that excessive vibration of the hook switch occurred 
at some frequencies iwi.th the handset off the hook. Although t his vibra­
tion did not cause the switch contacts to operate, it is bel ieved that: 
under some conditio~s -this might result. This switch is in the micro}; 
phone circuit, and its intermittent opening would make transmitt ed s~ech 
unintelligible. Itlis therefore r ecommended that a stronger switch 
spring be employed. The button switch of the handset cannot be removea 
without special tools; and since this switch is in more constant use · · 
than any other in t~e equipment, it is believed t hat such construction; 
is undesirable. · 

2-12. Uethod Jr Connection. A terminal strip provided with nickel­
plated screw terminals is mounted on t he top of the filter choke to i : 
serve for connections to the handset or handsets. The 110-volt , 60-cycle 
supply lines are connected directly to the fuse clips located on t he · · 
rectifier chassis. !Unplated brass screws and terminals not provided 
with l ock washer or Jsoldering lugs are employed at these fuse clips, 
It is recommended t~at parts properly protected against the effects or 
corrosion be substi \uted in this service. No clamps or other devices! , 
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are provided to prevent the power leads fl-om exerting a pull on;t he 
terminals themselves ! and in view of the absence of lock washers 
ment ioned above, trouble with poor contacts may devel op. Wires : are 
brought through gromrtieted holes in the sides of the cabinet. It is 
cons idered desirable lthat thes~ holes be relocated to provide more 
convenient entry of the wires, since their present position near the 
rear necessitates a right angle berxl of ·the entering wires just iinside 
the cabinet. '.'fire for connection of the equipment -to the 110-volt 
lines was not supplied. All terminals described above may be reached 
without difficulty by tilting the front panel forward until nearly 
horiiontal. ' 

2-13. Power Supply. The power supply is integral with the 
receiver-transmitter lunit, being mounted on a separate chassis in the 
lower part of t he ca~inet as described in paragraph 2-8-(a). This 
portion of t he equiprjient is com.posed of the main power transformer . 
whi ch supplies~ filament, plate, and bias voltages for both receive~' 
and transmitter , a ~itable filter, and relays to perform the circuit I: 
functions descr ibed below. No radio-frequency filter is used in the 
suppl y line. A Type l 5Z3 rectifier is used followed by a conventional 
single section filter. Since the same rectifier is used for both 
receiver and t ransmitter, a relay (S2) is included, which serves· to 
transf er the output ~f the rectifier from receiver to transmitter, 
depending on which i~ being used. In addition, .one contact of ~his 
rel ay inserts a capa~itor in the filter circuit when in the 11transmit" i l 
positi on t o provide µicreased voltage. In the 11receive11 position, : 
the filter is induct ive input; Also included in the rectifi er-filter 
unit is the keying r hay ($.3), which is act'1Qted by the push button 
of the handset and which controls the action of t he voltage transfer 
relay ($2) and ante~a transfer relay (Sl). Voltage for operation 
of this r elay (SJ) is obtsined from the bias supply, hence keying the , , 
transmitter is impossible until bias voltage is avail able. 

I . 

OPERATIONAL DATA AND TESTS 
I ' I 2- 14. Power Output. Table T-1 illustrates the power output obtain-

able from the West er~ Electric Model 226C radio telephone. Three crystals 
were available and t};le outputs listed were obtained with the equipment! ; 
t uned up on each of }he three channels, so that operation on any one · 
f requency could be selected by manipulation of the station selector 
switch only. It is pointed out that no crystal was used in position 
two, and it was ther~fore unnecessary to make a compromise adjustment 
between posit ions on~ and two as explained in paragraph 2-J-(b)~ Com-j; 
promise ad justment o~ all three bands was still required as far; as 
antenna coupl ing is concerned. The dummy antenna constants are given 
i n t he same table, while the method of measurement has been described 
in paragr aph 1-9. ~tputs varied from 21. l to 24 watts, depending on 
the f r equency as compared to the manufacturer's nominal rating of 25 
watts. Operati on onl an actual antenna, described in paragraph 1-12, 
was also accomplishe~. Adjustment and performance were found tp be 
satisfact ory,and emitted signals of good quality were obtained. i 

I I 
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2-15. Variation of Ambient Temperature. Table T-2 shows :informl; 
ation obtained duri?lg t he course of this test . The temperature was I i 
held at 50° c. for ~ period of approximately two hours, while readings

1 

were taken at about 115-minute intervals of output power. and frequencyl ! 
'fhe humidity was maintained at a low value throughout the test~ At I! 
t he end of the two-hour period the ambient temperature· was reduced to i 
-15° c. and was held between -15 and -17.5° c. for t he remainder of 
the test. After a period of about l-i/2 hours at this low temperatur~, 
t he receiver, which lup t o this time had been operating continuously, 
was shut down and t lie entire equipment allowed to stand idle for 20 
minutes. At the end of the idle period the equipment was started and Ii 
the test proceeded ~s shol'ln in -Table 'T-2. An examination of the data i 
listed in this tabl~ reveals that except for an increase in carrier ' 
frequency of about 200 cycles, no definite effect of the change of 
temperature was obse'.rved. The equipment could be started and all con1 ! 
trols operated witho~t difficulty at the lowest l1,lllbient temperature 
attained. ' 

2-16. Variatioh 
0

of Humidity. 'l'wo hum:idity tests were conducted 
on the Western Electric radio telephone equipment. The data obtained 
in the first test ar~ ·shown in Table T-J. The receiver was operated 
continuously during Jhe en~ire test! whil: ~he transmitter was :on onl~ i 
long enough to obtal.ll readings. This hW!ll.dity test followed the usua] J 
pattern of such testp to which standard Navy apparatus is subject ed. I j 
The humidity was held at a low value for one hour, raised to 97'!,, whefe 
it was maintained fo~ one hour, then dropped to less than 30% for t he 1 1 
remaining hour of thb test. No difficulties of any- kind were encountered 
during the test, thel equipment performing satisfactorily at al~ t imes ~! 
In the second of the humidity tests, conducted to determine t he abili~y 
of the equipment to operate after subjection to severe humidity conditions, 
the humidity was raised to 97't at a temperature of 40° C. and maintaitied 
at this point for twb hours , 43 minutes. The entire equipment was id]e 
during this period. jAt the end of this time the equipment was started! 
and its performance ~hacked against t hat observed under the l o"". humid~ty 
conditions existing previous to the test. It was found that no serious 
change had occurred ?ue to the high humidity, and ope_ration was: satisJ

1 
l 

factory in every respect. 

2-17. Vibratio~ Test. The complete Western Electric equipment 
was subjected to a vibration test. The transmitter-receiver was per­
mitted to rest on a hat horiiontal surface and securely bolt ed: t o a 
vertical support by }Jleans of the four slotted bolt holes in the: rear 
of the cabinet. The jdat a obtained during· this test are listed in , _ 
Table T- 4. The emitted signal was checked to determine frequency stab,ility : 
and in addition the quality of transmission was observed at f requent 
intervals on a Navy type RAB receiver. No damage due to vibration waJ 1 

observed during the iest period, and an inspection of the equipment ! 
after the test reveafed no injury to components. During the Jo-minute. i 
vibration tes t the transmitter was in operation continuously. While nb' 
damage or faulty opefation was noted during the test, this does 1 not 1

' 

constitute definite ~saurance that failure of parts wili . .not oc~ur if 
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the equipment i s subjected to lengthy periods of vibration in actual IFle[p 
service. 

1 

2~18. Locked Key for One Hour. Table T-5 shows the results 
obtained when the Model 226C radio telephone was operated for one hOU?j J 
under full power output conditions. During the test the ambient temper­
ature was maintainedlat 40° c. and the relative humidity held below 
30 per cent. The frequency drift was recorded on a Model LK drift 
indicator, a total frequency change of 50 cycles being observed1 during\ 
the one-hour period. I No evidence of damage or faulty operation: in thei 
transmitter was noted during the test, and an examinat ion of the trans~ 
mitter components reyealed no injury had resulted. However, heat fro~ I 
the adjacent Type 616 modulator tubes and the Type 5Z3 rectifier causeji 
some flow of impre~ ting compound from transformer T2, the input. :trans~ 
former for the push-pull modulator stage. 

1 

. . . 
2-19. Control. No remote control unit was furnished with; the 

Model 226c transmitter. Directions for the connection of additional 
handsets and hook-switches are included in the instruction book' so 
that operation from a remote point becomes possible. The receiver 
must be turned on frdm .the front panel in any case; and no station 
selector, receiver t 'lining, or volume control would be provided at the 
remote point. The equipment is primarily designed for local co?trol. 

2-20. Modulation. Quantitative tests of the modulation capabllitief 
of this transmitter were not conducted. However, listening tests on al i 
Type RAB Uavy- recei'V'e)r revealed that transmitted speech was at ~ll tim~s 
clear and intelligib~e. 

2- 21. Break-in.I Break-in operation is accomplished by means of 
Relay Sl, which acts (o transfer the antenna from receiver to trans­
mitter. This relay is controlled by keying Relay S3, which in turn is 
actuated by the hands~t push-to-talk-switch. At the same time relay 

• I 
S3 controls relay S2,1 which transfers the plate volt age from receiver 
to transmitter and ch!lllees the voltage output in the manner described 
in paragraph 2-lJ. ' : 

I • 
2- 22. Power Input. The power input as given by the manufacturer 

on Page 9 of the instruction book is 100 volt-amperes at 115 vo],ts, 
60-cycles for t~e "repe~ve11 condition and approximately JOO volt-ampert:;s 
for• the 11transmt11 condition. The power factor is given as 85-90 
per cent. ' ' 

2-23. Instruction Book. The instruction book which was supplied 
with the t:estern Electric equipment provides fairly complete information 
on the operation and maintenance of the apparatus. Installat ion, adju~t;­
ment, and servicing a.;-e also covered in an adequate manner. The, book .. 
is provided with both lschematic and color-coded wiring diaerams. : All 
components in t he sch~matic diagram are identified by symbol numbers 
corresponding t o a pa¾ts list included in the instruction book. 1 The . 
parts list gives the rpanufacturer of each part and ordering . information!,. l 
However, since the ordering information in most cases is useful only I : - : 
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'When the parts are 9btained from Western Electric, i t is suggested 

. that more complete ~ascriptions of the components be given, soi that 
other sources of supply may also be utilized. I 

- I : - ! .. 
2-24. Spare Parts. no spare parts accompanied the Western El ec~;ric 

equipment. Sinee numerous component parts are of such design and manui.. 
.facture that t hey are not likely to be available within the Naval org~­
ization, it is dee~ advisable that some definite provision be made I 1 

to permit repairs by operating personnel. It may be pointed out that 
many of the parts used would fai#'to comply with Navy standards, and 
hence disruptions aild f ailures under the rigors of Naval Service will 
undoubtedly occur. lrt is suggested that the manufacturer be consultef! 
to determine which part s are most subject to failure based on service! : 
records of the Model 226-C equipments, or equipments of similar con- · 

I ' struction. 

2-25. Summgylof defects and suggested changes. Such it~ms as 11 
appear definitely defective y together with suggestions for improvement.: 
and modification, ate listed below. At the end of each of the: statements 
there appears the phagraph number in the body or the report wf;ierein I i 
each matter is disc~ssed in detail. · ' 

(1) 

(2) 

(3) 

Station Selector SWitch . is held by means of a single 
set screwl (2-2), 

' ' 

No 11power ,on11 indicator is provided, (2-2) . 

Difficulty i s experienced in making tuning adjust ments 
(2-3-b) • . 

(4) No meters Jor auxiliary tuning devices are provided. (2-J-c):. 

(5) Solid wir€ cabled leads subjected to bending and consequent! I 
danger of jdama~e. (2-5), 

(6) Phenolic :f,nsulation used in applications where norma.ily 
prohibited. in standard Naval equipment. (2-6), ' 

(7) Leakage -of compound occurred from Transformer T- 2, (2-8-d)ll 
I I I 

(8) No auxili.iry power equipment was provided with the M6del 
226C submitted for test; (2-8-f) . : 

(9) Steel mounting clamps and soldering lugs used int~ 
Mil resist6rs. (2-9-c), 

(10) 

(11) 

(12) 

Antenna binding post does not grip wire securely. (~-9-f) 

I No shock-P,roofing employed in the equipment. (2-10), 

Hand-set ls
0

not secured against pitch and roll of ve~sel; 
hook switdh spring lacks sufficient tension; servicing or 
repairs td handset push-tO-:talk switch would be difficult, (2-11} 

! Ii 
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(13) 
I . DECLAss1F1eo 

Connectiqn terminals not protected against corrosion; 
no method for clamping po:we.r leads provided; location 
of entrance holes unsati sfactory. (2-12) . 

(14) No spare4 are provided with the Model 226C equipment, . (2-2M. 

III. RECEIVER SECTION OF EQUIPMENT 
' . 

Electrical Inspection 

.3-1. The equi~nt was given an electrical inspection and the 
following informati9n obtained, in large part from t he schematic ci rc'\ll-t 
diagram ·and the instruction book • 

. I : 
(a) Type of Circuit: Superheterodyne. 

(b ) 

(c) 

(d) 

(e) 

(f) 

(g) 

~h) 

(i) 

( j) 

(k) 

(1) 

(m) 

(n) 

(o) 

Frequency I range: 
. I , 

Number of!Bands : 

2000 to 2800 kc, (not continuously variable) 
! I 1 

I 

4 fixed crystal frequencies on S?9-t ch. 

Crystals: Crystal oscillator control at each frequency. 
i 

Crystal Mounting: _ Common holder with t r ansmitter crystal 
1

; 

for each frequency. Each crystal frequency marked on holder, 
but not identified, so that it is impossible to determine '· 
which is teceiver crystal f requency. . ' 

I Total Number of Tubes: 6 
l i 

Tube Types Used: 6C5G, 6K6G, 6K?G, 6L?G, 6Q?G, 5Z3, 
I 

; I 
! 

Power Suppl y Required: 110 _volts, 60 cps; 100 VA drain. 

of :3 lsu . 1 and Max. B+. Volta e at Receiver : ±rans-
former-rectifier 5Z3 ; max. B+ = 200V. ; 

I Antenna Required: Less t 'han 60 feet. 
I I 

Antenna Input Circuit: Single tuned circuit, no primary; 
; 

capacity coupling to antenna. 
I : = 

Radio-freguency Amplifier: 1 stage (6K7 G); single tuned 
circuit, with pri.-rnary in plate circuit of tube, 1 

I . 
Radio- Frequency Tuning: R.F. circuits (except oscillator) 
continuously variable on panel dial; oscillator on band-
mritch, not ganged with other circuits. ' 

Converter J Pentagrid mixer ( 6L 7G) . 
I ; I I 

Oscillator: Simple crystal controlled triode -circuit (6C5G):; 
oscillatot ~requency oelow signal frequency. 
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(p) 

(q) 

(r) 

(s) 

(t) 

(u) 

(v) 

(w) 

(x) 

(y) 

DECLJ;. 
Intermedi~te-Freguenc:v · M!}?li!'u,r: l Stage ( 6K?G) ; 

881FIED 
Tuning .t'r~uency .. 385 kc. 
2 transformers• 4 tuned circuits. 

I ' I ' 
Second Detector! Conventional diode; 1 pl ate of 6Q?G diode i 
section. 1 

1 1 
• 

. I ! I I 

AVC System: Separate from 2nd detector; other pl at~ of 6Q~q 
diode section. 
Tubes on bont rol = R.F. amplifier and converter • . l : . 
c. w. Oscillator: None. 

I 
I • 

Noise Suppressor: None evident • 
. I 

Audi o-Frequency Amplifier: 
1st stage • Diode-'biased triode section of 6Q?G cath:ode 

·: resi stance coupled to 
2nd stage =. ~K6G output pentode. 

Audio Output Circuit: output t ransformer , with 200 1ohms 
secondary\ feeding loud-speaker input transformer an~ hand- ~et 
phone. 

Gain Cont~ol: · R. F. gain, by variation of cathode bi as of 
R. F. amplifier, converter, and I. F. ampl ifier tubes. 

1 

Safety Deh~es: Interloc.k switch at reaz- of chassis: dis­
connects ~wer when equipment is opened for servicing. 

Changeover l:eans: Handset push-button, actuating po:w,er an~ ! 
antenna trans£er relays . . 

( z) Remote Control: Remote handset and ringer statio.ns pbta~qle. 

(aa) 

(bb) 

3- 2. 

Receiver Sensitivitz: (from instruction book): . , . 
l microvolt for .06 watt output , input modulated JO% at 400 'cps. 
Noise levh with modulat ion off carrier = .019 watt.! ! I 

' I 
! 

Miscellaneous: Operation requires separate switchin·g of I 
1 

band switrh (oscillator) and tuning of R.F. amplifier circ~~ts 
with cont~uously variable tuning control. 
Handset phone is on at all times, regardless of position ofi i 
loudspeak8r switch. 

1 

' 

Receiver designed for continuous operation. 

Uechanicil Inspection. 
I 

' I. 
The equipment was given a mechanical inspection and ~he fo]low-

inl! information obtained: I ' 
.;, I 
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(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g} 

(h) 

(i) 

( j) 

(k) 

(1) 

(m) 

(n) 

(o) 

(p) 

Number o~ Units CoJ!lPrising Equipment: 1, 

Size: Shown in Table TR 1. --.-. 

Weight, : Shown in Table TR 1. 

' I' General Type of Construction: Par. 2-8 applies. In addition, 
the loudspeaker unit is mounted behind grill work o~ f ront \ : 
panel. 

Number of: Front Panel Controls and Function: Par. 2-2 appiies . 
' f I ; 

I ' ' I I Other Controls: Lifting handset off hook connects hand-set , 
circuits ~o transmitter and receiver (and switches remote ] ! 
control circuits, if used). Hand-set push- button swit ches i 
from rece1iver to transmitter operation. 

General ;J1iout and Accessibilit y of Controls: 
layout; alc!essibility good. 

Synunetricali 
I ' ' 

Ease of Control and Operation: All controls work e~sily-; 
operation! similar to normal t ypes of broadcast receiver 
(except fbr the use of the handset in transmission).; 

I . , 
Accessibility for SerVicing: Very accessible; receiver­
transmittrr chassis and front panel tilt forward as~ unit Ii 
on a hing~ at the bottom of the front panel, exposing powe~ \ 
chassis at, bottom of cabinet. All tubes and trimmer adjust'..: 
ments readily accessible i n this position. Power and receiver­
transmitt~r chassis interconnected with taped power cable. 11 
Tape loostning. (Par. 2-4 applies) ' 1 

Accessibility for Repair: Good. 
I 

Power Indicator: No indicator for power ON, except inarking! \ 
of power switch on panel. 

Materials j U~ed and Finishes: All chassis parts and ca~inetl ; 
of steel, lprimer coated and lacquer covered. Cable clips 
nickel plated, variable condensers cadmium plated. Anti-
corrosionlp~otection generally good. : 

General Insul ation to Moisture : Appears reasonably good; 
loud speaker input transformer should be moisture proofed. 

I · : 
General Protection against. High Temperatures: Appe~s go~:• 

Ability tJ Withstand Vibration and Shock; No shock mountin~! 
provided; lc~mponents appear to be well mounted. ' · · 

I . 

General Rti~gedness: Appears excellent. 
I ' 
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(q) 

(r) 

(s} 

(t) 

(u} 

(v) 

(vr} 

(x) 

(y) 

(z) 

(aa) 

(bb) 

(cc) 

DEc,41 
~SStFtEo 

Tube Mounttng. Sockets, etc: Tubes vertical, in bkelitel ! 
wafer s09kets ~ Sockets r~placeable but will require disturb-
ing of wiring and some resistors. 

I i I , 
Tube Shields: Two of "Goat" type used. These are constructed 
of several parts, fitting the tube envelope. Generally WlH 
reliable l l_l'i th poor, indirect grounding t o chassis. · · 

' I ; ' I ' 
Transformers , Chokes I etc: Well encased, sturey appearanc~1, 

potting ~own. Universal wound choke coils varnished; 
wax would be preferable. i 

: I : 
cmtal mountip._g: Each crystal mounted in common m4:>lded 
bakelite iholder with transmitter crystal; holder plugs intQ [ 
bakelite ~er tube socket. Very accessible. : 

R.F. Transformer Structure: Hammerlund uni ts in aluminum can 
shields ; lair trimmers. 1 

' 

I. F. Transformer Structure: Hannnarlund units in a~uminwn j \ 
can shields; air trimmers. 

. I : : ,, 
Variable Condensers: HammarlWld 2 gang, construction similar 
to air tr;immer condensers; ceranu,c insulation; plate spacirig 
small butl probably satisfactory; _cadmium plated. 

1 1
' 

Fixed Conde~ers: lfolded mica or metal-clad paper t1ypes, 
except for one 25 l!F, 25 V electrolytic in metal can. 

Slritch cohs~ruction: Band-switch is ot ceramic wafe~ type ,1: 
with silver-plated contacts; flat wipe. Power switch is I 
of toggle ] type with bakelite housing. Speaker switch is oiil 1! 
toggle type, with laminated housing. i I . l 
Resistors: · Uostly- 1/4 1ra:tt pigtail type; rigidly mo~ted, 
generally \' accessible but haphazard as to arrangement'. 

( l 
Terminal Strips: Sturdy, .115 inch thick terminals, twith 
.1 inch ereepage path, in power unit. Tinned lugs on .065 in. 

I . \ . 
impregnat~ bakelite in receiver chassis; light but appear 
sufficiently strong. May be satisfactory for creepage if 
properly :impregnated. ; 

: : I Ii 
1..:ounting of Comp<?nents: tlo rivets found; screws , nuts, and I i 
lock washers used throughout. ){any resistors and condensers: 
mounted o# pigtails between other components, but in -no cas~! 
in an obj~ctionable manner and well locked against r~tationt ; 

i 
I I ' 

~/iring: ~enerally neat, arrangement good, with no long leads 
except cabled and taped leads from pov,er unit . Excessive '· 
flexing ofi this power lead appears to have damaged taping. 
Wire size rrery small, with thin synthetic or rubber insula­
tion covered with colored fabric outer braid. (Par. ,2-5 

also applif s. ) .. 
25 
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(dd) Miscellaneous: Antenna connection 
l ocatedja~~ve top of front panel • 

(or stand off insulator,) 
(Par. 2-9 (f) applies .!); 

.3-J. Examj..nation of :rns truoti on Book 
The com;nents · lii paragraph 2-23 apply to the 

as to t he transmitt,er ·portion of the equipment • 

.3-4• Spare Parts . 
The comment s in paragraph 2-24 apply. 

I • 

receiver as well 
I I• 

3-5. Li stening.Tests . 
The equipment ·was set up in the Transmitt er buildin~ and l l 

connected to an outside antenna. A standard signal generator!was set! 
up in the Laboratory Annex building about 1000 feet away, and)i ts ou~put 
connected to an outside antenna for the purpose of radiating a readily 
controllable field lat the frequency of test. Tests were made iwit h ahd 
without 30% modula~ion at various carrier levels , and voice modulati~n 
was also made avaitable by means of: a suitable microphone and;audio 
amplifier modulati~g ,t he signal generator. · 

The presence bf .a strong variable noise field in the transmittet! 
building location ltlade it difficult to get consistent results !at the l! 
lower levels of signal generator input, The results tabulate~ in Ta~le R-1 
were obtained in t~e first listenin~ test. 

Due to the relatively poor showinci of the equipment under test, I i 
as compared to similar equipments of other manufacture also tested at ' 

I · I the same time in the same way, the test was repeated on the fol lowing; 
day. The results ~e shown in Tabl.e R- 2. · · 

As shown in Table ! -2, the r esults obtained in the second test 
were simil.ar to th9se in_the first . ; 

It was also observed during all the listening tests that 1t he r et~iver 
seemed to block on !strong instantaneous noise pulses, such as ;s imila~f 
to ignition noise, I This blocking ef fect did not persist for any gre~t 
length of time, but., in the presence of a continuous series of pulseJ; 
was enough to interf ere seriously with t he reception of relatively weak 

I I signals, which coui;d, however, be readily understood on the other eq~ip-
ments under test. ir t is believed that the relatively poor showing of ; 
the Western Electri 1c receiver on the listening tests, despite the 
superiority indicatkd by the Laboratory measurements in a noise-free 
shielded room, was ~ue primarily to this tendency to block inst antaneously 
in the presence of poise. This may possibly be an abnormal c~racte~~stic ; 
of the particular receiver tested, I , 

The ~astern Elrctric equiµnent was tested at 2500 KC, as ;t his 
was the crystal frElfluency nearest to 273e KC provided in the group oi: , 
crystals sent with the set, The other equipments t ested were provided 
with crystals for t pe 2738 KC Intership channel. In order to determfne 
possible differences due to the antenna at 2500 KC as compared to ' · 

I - , 
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2738 KC, the fieldj intensity from the transmitter portion of ~ach eq~ip­
ment was measured at an arbitrary distance of about ?50 feet. ' The s·ame 
antenna was used ih each ease, and the antenna current was approximately 
the same. on .each equipment (about 1. 0 ampere) . The results are tab~~ 
lated in Table R~Jr ; : . : . 

From Table R-3, and in view of other tests made by the Trans- Ii 
mitter Section of the Laboratory on a dummy antenna, it seems: probabi~ 
that the frequencyiemployed in testing the Western Electric Receiver\ ! 
was unfavorable for the antenna used, 'and it is believed that

1 
the [ 

receiver might ha~ ma.de a better showine on this antenna if it could; 
have been tested tt t e same fre,quency as the other equipmentf. j j 

3-6. Laboratory Measurements. . 
The receiver section of the Western Electric equipment was: 

measured in a sbieided room, (as per par. 1-15), with the foJ+owing I: 
results. I 

' I ' • I ' 
(a) Sensitivity, Noise Output, Image Ratio and I. F. Response. ' 

(b) 

These je , shown in Table R-4, 1 1 I 

Selectivity 
1 

, , 

The sel~ctivity characteristic of the receiver is shown on ' Plate 
R-1. Tabulat:ion R- 5 summarizes this charact eristic. ' ; ' -

(c) ResonanJ ~rload and Carrier Noise. 
1 1

, 

The resor:nt overload. characteristics are shown in graph ~~rm 
on Plate R-2. The data ~or Table R-6 have been derived from 
this grciph. I , 
The graphs on Plate R-2 show an exceptionall:r flat 'AVC 
characte~istic over a large range of input values, with 

I I a very s):larp threshold at which AVG act ion begins. i The 
input range necessary to decrease the carrier noise to 
the mini.mum value is small compared to the other makes 
of recei;vers tested, minimum carrier noise being o~tained 
at 100 microvolts input. 

I : - . 
(d) Effect of Modulation Depth on Output 

1 
, 

Plate R-3 shows the effect of varying t he signal modulation 
depth onl the audio output from the receiver. The curve 1 ; 

departs from linearity above about ?\JI, modulation. ' 

(e) 

(f) 

I 
Gain Control Ran~e 
The maximum attenuation of the sensitivit y or gain ~ontro~j 
of the receiver is approximately 62 DB. ; I, 

RadiatioA ~f Oscillator Frequency. 
The vol~ges appearing at the antenna terminal due 
local crystal oscillator of the receiver were measured iJ 
terms of \t?e microvolts input from a standard si gnaf 
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generator required to give the same out !-'"'" .1sv111 a. 

recei ver tuned to the oscillator frequency. Both tne 
receiver under test and the stamard signal generator 
were cQnneoted , in turn, to the input terminals of ~he 
measuring receiver . The resulting data are shown in 
Table R-7. ·1 

· 3-7. Teme,rat ure-and flU!iditz Teats 
1 The equipment was set up in t he large Temperature- H~dity 

chamber and was tested under the conditi ons described in 
par. 2-15 and 2-16. The circuit arrangement is shcn,n 
schematically in Plate TR-4. 

(a) Effect of Humidity on Gain and Noise Level of Receiver 
. ii 

The receiver noi se output level was set, by means o.f the 
gain control , a:t 0 . 4 W prior to beginning of test, 

1

with 
no carrier input. A drop in t he local noise level, i how­
ever, brought this output down to about 0 . 0J )1W by t he 
time the test was actually started and this lower noise 
level was obtained throughout most ot t he test . ·1 

The change in receiver gain with variati on of humidity was 
measured in terms of the carrier input vol tage required to 
maintain an arbitrary standard output of 10 MW (signal and 
noise) , with the standard signal generator modulated JO% 
at400 cps. Noise outputs with modulation off, and with 
carrier off, were also measured. Readings were taken at 
approximately 15 minute intervals_. 

The results of the t est are shown on Plate R- 4. 
R-8 was derived from these graphs. 

., 
Tabulation: 

H ; l 
11 

(b) Effect of Temper§ture on Gain. Noise Level. and Contr ol 
Operation. ·I 
The change in receiver gain with variati on of temperature i : 
was measured , in a way similar to that in the previous test . 
In this test, however, the signal generator was modul ated ' 1 

90% at 400 cps. Due to better local noi se conditions 
(i.e. l ower electrical ipterference noise.) during t his 
test, the receiver gain was raised t o maximum, and t he 
input f'or a constant output or 100 milliwatts measured at 1 

about 15 minute ·intervals . Noise output s were also: checked·, 
as well as signal generator dial settings. The equipment 
was operated continuousl y. The controls were checked at 
-17° c. for operation and found to be somewhat st iff but 
otherwise satisfactory. I t was noted t hat the receiver 
showed signs of regeneration and instabi lity upon operati on: 
of the tuning lmob on either side of resonance, rltll the 
signal generator input on. 1 

Plate R-5 shows the results of these tests. 
was derived f'rom these graphe. 
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(c) 

3-8. 

OfScu.'-" 
, ..aS/t=JE D 

During the temperature test, it ;vas noted that the output 
termination £or maxinrum output from the receiver changed 
from 200 to 250 ohms at the higher temperatures. This value 
came baclc to 200 ohms at room temp~rature at the end ~f the 

I 

test . :1 

Effect of Humidity on Cold-Start Gain and Noise Characteristics. 
For t his t est, the signal generator was modulated 90%! at 400 ; 
cps. The input for 100 l.lW output, with gain control on maxi!..; 
mum, was measure(i at 40° C. and 23% humidity. Noise was also; 
measured and signal generator dial readings noted. The receiver 
was then turned off and the humidity increased to 97%! at the' i 
same temperature, as described in par. 2-16. The r eceiver · · 
was turned on after 2 hout's, 43 minutes, and the input, for 
100 U'lf. output and noise, im.11ediately measured. The same 
measurements were then made at suitable short interva+s t o , I 
show the variations occur~ing after starting up. These read1 
ings are shown in Graph form on Plate R-6. : I : ! 
The value~ shown in Table R-10 are derived from the above ~phs. 

q l l 

Effects of Vibration 
The ·equipment was subjected to a vibration test, as d~scribed' 
in paragraph 2-17, The ·receiver was measured for changes in 1 

gain, whenever possible, between the intervals of vibration ; 
and transmitter operation. Very little usable data was ob- I 
tained, however, due to the extremely high variable noi se i 
level in the transmitter buildin~, where the tests were con-; 
ducted. The receiver appeared to function well during the ; 
test, with no apparent damage or abrogation of perf ormance. , 
Reception of voice modulated signals was good during yibration. 
The few figures obtained in the course of the test indi cate, 
if anything, a possible incr ease in eain after vibrat~on, 
but the results are not definite. i i 

3-9. S~ of Defects 
The following defects -were found as a result of the e~n­
ations and tests listed in paragraphs 3-1 to 3~8. 

(a} 

(b) 

(c) 

Receiver and transmitter crystal frequenoies $re marked on 
each common crystal holde~,but there is no way to det~tinine , 
from the markings which one is the receiver crystal frequency: 
and which the transmitter. (Par. 3~l(e) ). , · 

Taped wires intercannectin~ the power and receiver-tra.nsmitte~ 
chassis are unsatisfaotory and should preferably be rubber ! : 
sheathed cabie. (Par. 3-2 (i)) . 

Pilot li~~ts or similar p011er indicators are not provided 
to indicate ~'hen receiver and transmitter sections o£ jequip- i 
ment are in operation. (Par. 3-2 (k)). 1 

• 
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(d) 

DEc,a ~ss,,::1~0 
Use of steel for cabinet a.nd chassis is undesirable; ' although 
t hese parts seem to be adequately protected by primer and ; i 
lacquer coats (Par. J-2 ( 1)). · 1 ' 

(e) 

(.t) 

• \ I I 

The loudspeaker input trans.former {mounted on the loµdspeaker 
frame) apparently is not moisture-proofed. (Par. 3-2 (m) ). ' 

,I 
No shock mounting is provided for the entire equipme~t. 
(Par. 3-2 (o), 2-10). · 

. q 
(g) Tube and crystal sockets a.re of a bakelit e wafer type, apparent-

ly not wax-treated. (Pars. 3-2 (q) and ( t). ;i ' 1 

(h) 

(i) 

( j} 

(k) 

(1) 

(m) 

(11) 

Tube shields of the "Goat" type are used. These depend on i ! 
a rather insecure method of assembly and are grounded through 
a series of consecutive contact·s which are not dependable. ': 
(Par. 3-2 (r)). · 

Universal wound Qhoke (retard) coils are used, which:[appear i 
to be varnish impregnated. ~lax would be preferable. :i ' 

(Par. 3-2 (s)). 

: ' I One 25 MF, 25 V electrolyti c condenser is used, mounted in a 1 
metal can. (Par. 3-2 (x~) . 

Toggle switches are used, reliability unknown. Two different 
types provided; these should preferably be of the same type : \ 
for replacement purposes (Par. 3-2 {y) ). ·1 

' ' 

Terminal strips apparently are not wax-tr eated for creepage . 
(Paro 3-2(aa))e · I 

'\11re size used in wirin~ is small, with t hin insulati~n. 
(Par. 3-2 (cc)). 

Receiver appears to be affected by local noise to a much 
greater extent than similar equipments tested at the same 
time under similar conditions. (Par. 3-5) . 

(o) Radiation voltages appear to be excessive, particulariy on 
switch position 1. (Par. J .6 (f); Table R-7). ;; 

(p) Signs of regeneration and instability have been obser~ed 
at -17° c. (Par. 3-7(b)). 1 
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TABLE TR-1 
Model 226C Western Electric Radio Telephone 

Weight and Dimensions 

Dimensions : 

' I 

H - 15 3/4 inches overall 
D - 8 3/ 4 inches · , 
Y{ - 19 inches with handset moun~ing 

Yieight: 65 lbs. 12 oz. 

TABLE T - l 
Model 226c Western Electric Radio Telephone 

Power Output 

Antenna: 300 mmf -t two 32 volt, 15 watt lamps in paralle~. 

2126 KC 2i 82 KC 
I 

2~00 KC 

Ip (ma) 120 
,I 

117 126 
Irf (amps external) 1.05 1.04 1.01 
E (Volts- line) 119 117.5 118 
Selector Switch Position 1 J 4 

Watts Output 24.0 23.3 21.1 

DECLASSIFIED 
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TABLET - 2 
Model 226C Western Electric Radio Telephone 
Variation of Ambient Temperature-2500 KC 

Ambient Relative Irf 
Temp._ Humidity External Frequency 

-Time oc. ~ AmES· Kilocicles 

0 50 17 0.93 2500.228 
20 50 16 . 90 . 21? 
35 49 17 .91 . 213 
50 49 17 . 92 . 213 

1:05 49.5 17 . 90 .195 
112? 50 16 .90 .195 
1:37 49.5 16 . 88 . 192 
1:52 49.5 16 . 88 ,192 
2:06 50. 15 . 88 , 194 
2:21 IJ:,. 17,5 
2:36 28. 19 . 187 
2:51 8.5 . 87 •. 210 
J:06 -0.5 .88 . 257 
3:21 -5.0 .86 . 283 
3:36 -9;0 . 90 .305 
4:00 -12.5 .90 ,3'.32 
4:15 - 14,5 .90 .352 
4:32 - 15,5 . 90 ,358 
4150 - 17,0 . 92 . 363 
5:05 -17.5 ,92 .373 
5:26 -17.0 . 94 . 380 
5:44 - 16.5 Equipment idle from 5:40 t o 6:05 
6:00 - 17.0 
6:05 -1?.0 . 93 . 403 
6:20 -16.5 
6:35 - 16.5 
6:50 -17, 5 . 99 . 395 
7:05 - 16.0 ,98 .370 
7:25 -15,5 1.02 . 351 

I 1 
, I 

DEc!.JJ. 
8SJFJEo 

:I ! 
:iOutput ! 
1 Watts ' 

21.6 
20. 2 
20.7 
21.2 
20.2 
20.2 
19.4 
19.4 
19. 4 

18.9 
19.4 
18.5 
20. 2 
20.2 
20. 2 
20.2 
21.2 
21.2 
22.1 

21.6 

24. 5 
24. 0 
26.0 
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! 

Time 
Minutes 

0 
20 
35 
50 

t50 

l(Y] 

122 
140 
155 
170 

185 

200 
215 
2JO 
245 
260 

TABLET - 3 
Model 226c Western Electri c Radio Telephone 

Variation in Humidity -2500 KC 

Ambient Relative Iri' 
Temp. Humidity External Frequency 

00. ! Amps. KilOCI2les 

40 19 0. 97 2500.246 
39 14. 5 . 97 . 241 
40 )J . 97 .241 
40 13 . 96 

.39 90.5 . 93 .225 

39 97 . 94 . 2Z7 
39 97 .94 .236 
39 97 . 93 . 211 
39 97 ,. . 92 . 221 
39.5 9? . 92 ,218 

39 56.5 .. 91 .223 

40 27 . 91 .219 
,39. 5 26. 5 .91 .221 
40 29 . 89 . 218 
40 29 .89 .• 211 
40 29 , 89 . 211 

:1 
Output 
Watts 

; I 
11 

ii 
23.5 
2.3. 5 ' . 
23-5 
2.3.0 
ii . 
21.6 
·1 

!I 
22.1 
22.1 
21.6 
21.2 
21.2 
:1 
20.7 
:1 
20.7 
20.? 
19.8 
19,8 
i9.8 
:I 
l ! 
,1 

Antenna: 300 µµf in series with 25 ohms plaque resistors'J . q 
Output Frequency at end of first test period - 2500.241 KC 
Frequency of maximum departure thereafter - 2500. 210 KC . 

1 
Difference - 3 Cycles or1 

?ower output at end of first test period 
o,ooli % ' - 2.3 watts ii 

Maximum power decrease noted thereafter 19.8 watts 'I , 1 
Difference 3. 2 watts, Qr lJ.9:% 

· 1 . ! 
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Time 

14,10 
14,20 
14130 
14:40 
14:50 
15:00 
15:10 

TABLET - 4 
Model 226c We~tern Electric Radio Telephone 

Vibration Test-2126 KC 

Irf 
External Emitted 

Time Amps. Signal Condi tion 

113.44 1.01 Satisfactory Stationary 
13. 49 1. 01 " Vibration 
13.54 1.01 ,~ 11 

13. 59 1.01 " 11 

14.04 . 1.01 II 11 

14.09 1.01 n II 

14. 14 1.01 11 II 

14.19 1.01 u n 

14.20 0.98 n Stationary 

'!'ABLE T - 5 
Model 226C Western Electric Radio Telephone 
Locked Key Operation for One Hour-2500 KC 

Ambient Relative Irf 
Temp. Humidity- External Frequency 

oc. ~ Amps. Kiloczcles 

40 25 0.93 2500. 216 
39.5 24.5 0.92 . 209 
39.5 24.5 0.94 . 205 
39 26.0 0.92 .186 
40 25. 0 0.91 .181 
39 29.0 0.93 .1?5 
40 25. 0 0.92 .165 

Output frequency at beginning of test - .2500.216 
liaximum frequency departure noted thereafter - 2500. 165 

I I 
:1 

OUt;,put 
Watts 

;\ 
21.6 
2i.2 
22.1 
2i.2 
20.7 
2i.6 
21. 2 

, 1 

DUference - 51 Cycles=:or 
0.002 % ;: 

Power output at start of test - 21.6 
Minimum power observed thereafter 20,7 

Difference - 0.9 watts, or 4.16 % 
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(1) 

(2) 

(J) 

(4) 

(5) 

(6) 

TABLER - 1 

Listening Tests on Western Electric 226C 

Radio~Telephone - October 4, 1940 

f "'2500 KC 

Sig.Gen. 
Input to 
Antenna in 

2 volts 100,000 JlV 

Lab.Annex 

Signal Plus 
Noise Output 
(30% modula-

27 MW 38 M'J 

tion) 

Uoise: 
Carrier On 0.1 JiW 13 }.!J'[ 

Noise: 100 to 
Carrier Off· 100 H'T 200 Kw 

Ratio in DB 
Signal plus 24.J DB 4. 7 DB 
Noise to 
Noise : (2) 

(3) 

Excellent: Very under-
Comments on AVC pro- standable , 
Quality & tects re- but noisy 
Intelligibility ceiver background. 

from overload 

; ! 

10,000 µ·~r 

" Inaudible' 
above 

I 

noise 

• I 
: I 

; I 

• i 

5,ooq )iv 

-: I 
; I 

- ! i 

_I I 
! I 

I : 
- ' I 

I I 
I ' 

Inau~ible 
above . 
noise' 

I 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

TAB~ R - 2 

Listening Tests on Western ~lectric 226C 

Radio-Telephone - October 7 2 194_0 

f., 2500 KC 

Si3. Gen. 
Input to 
Antenna in 2 volts 100,000 JlV 50,000 }lV 
Lab. Annex 

Signal plus 
Noise Output 
(30% modula- 30 MW 45 MVf 60 MW 
tion) 

Noise: 
Carrier On 0.1 MW l? lffl 60 Wl 

Noise: 
Carrier Off 100 MW 100 MW 100 L'W 

Ratio :in DB: 
Signal plus 
Noise to 
noise : (2) 

(3) 
24.9 DB 4.2 DB 0 

Comments Understand- Speech 
on Quality Excellent a'!:>le;noise audible 

high. Quality bilt not 

'I 

d 

' l 
. ' 

. . 
! i 

19,000 )l~ I 

., 
60 YW ,, 

9io MW 

1ho MW ., 

0 

#nheard 
T,one or & Intelligi-

bility good on understand- s'peech. 
handset. able 

,, 

TABLER - 3 
Field Intenaitz of Three Radio-Tele~hone Trans- . 

mitters at a Point a1mroximatel;y: ?50 feet from the Ante'nna 

:Equipment 

Western Electric 
226C 

B 

C 

(Same antenna used for each) 

Frequency 

2500 KC 

2?.38 

2?.38 

:1 ' I 

Measured · ,Field ! ! 
Intens1ty 1 ! 

.1 l t 

22,500 )lV, 
\ \ 

meter 
'' 

54,500 'l~·~--. ,.,_....,-~, . 
51,000 · 

(Above measurements made with Ferris portable Field Intensity Uet~{) ·oECLASSIF~~"'' 
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TABLER - 4 

Sensitivity, Noise output, Image Ratio and I.F.Respon~
1
e 

;\ 
of Western Electric 2260 Radio- Telephone Receiver · 

Gain control at maximum; input modulated 30% at 400 CJ?P. 
Output impedance: 200 ohms. 

Selector Switch Position 

Signal Frequency 

Tunin~ i~nob Positi on 

Input through Standard 
Dwnmy Ant. 

A.F. output in 
200 ohms 

Noise Output 
- modulation off 

Noise output 
- Carr ier off 

Image Frequency 

I mage Ratio 

I ,F. Response 
f rom Antenna for 
40 MW output 
(385 KC) 

l 

2182 KC 

8? 

2 . 2 µv 

1.3 MW 

0.1 MW 

1412 KC 

4210 

over 
100,000 µv 

2 

2500 KC 

38 

2. 0 µv 

40 k'l'f 

1.8 l.'W 

0 , 15 l~W 

1730 KC 

1785 

,, 

' I 

3 

2522 KP 
,36 

: i 
2 , 05 µv 

: I 

I 
40 ).{l'l j 

0.15 MW 
i I 
: I 

1752 KC 
I' 

1700 

over : , 
100, 000 JlV 
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TABLER - 5 

Selectivity of Western Electric 226C 

Radio-Telephone Receiver 

Frequency - 2500 KC 

Gain control at maximum; input, 30% 
modulation a.t 400 cps; constant output - 40 t!W 

Ratio: 
Ratio in DB 

Band 1.1idth 
In;eut off max. resPQnse 
Input at max. response KC 

1.4 3 DB 4.8 KC 

2 6 6.5 

10 20 11.4 

100 40 19. 3 

1,000 60 30.0 

10~000 80 47,5 

DECLASSIFIEl'.J 
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(1) 

(2) 

(3) 

(4) 

( 5) 

(6) 

" 

DECLASSIFIED 

TABLER - 6 

Resonant Overload Characteristics of Western Electric 

226C Radio- Telephone Receiver . 

Gain control on max. , input 30% modulated at 400 cps. 

Threshold of AVC acti on: 

li'aximum variation of output for 
+100 DB increase of input above 
AVC threshold: 

Input for 6 DB change in AVC 
threshold output: 

Range of linear detection be1ow 
AVC threshold: 

Carrier noise output 
(modulation off): 

Range of input variation to 
decrease carrier noise from 
max, to min. value : 

Input 

Output -

:1 

2.6 ~v 
11 

62 M'N 
,I 

60 to ?2 Mfi (O.f:' !DB) 
ii 

1,10 volts 

Input - 1.3 to 2 ,b µv 
Output - 13 to 62 M'il 

Max. - 1, 8 MW:I 
Min. - • 04 l.!\'1 
Ratio - 16, 5 DB !I 

:I 
2.6 to 100 µv (+j~ DB) 

(7) Max pol'ler output of 
receiver 
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TABLER - 9 

Effect of Temperature on Gain and Noise Level of Western 

Electric 226 C Radio-Telephone Equipment 

- -- ----
Gain control set at max. 

50° C 50° C -15° C 
0: ' 

-15 C 
Temperature (Start) (End) (Start) (End)i i 

, I 

Time 0 120 mins, 255 mins. 410 mµis. 

Input for 
100 MW output 76 µy ?8 µv 21 µv 28 µv; 
Gain 
Ratio 1.0 0.975 3.61 2.71 

DB change in 
initial gain 0 -0.2 DB + 11.2 DB + 8.7:DB 

I I 

Carrier Noise I 
I 

Level - t:od. off 10 MW 1,3 'MW 49 MW 60 MW! 
i 

Carrier Noise 
Ratio 1.0 1.3 4.9 6.0 

DB Change in 
Carrier Noise 0 +1.2 DB +6. 9 DB +7.8 DE 

Moise Output 
:,60 r.1 - Carrier Off 4M\1 5 UVf 25 MW 'i J:,1 

Noise Ratio 
- Carrier Off 1.0 1.25 6.25 •i15 

:I 
DB change in 0 +l.O DB +7. 8 DB +11.7 DB 1 
noise output 
- carrier off. 
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Condition 

Time 

Humi~ity 

Input for 
100 l'W output 

Gain Radio 

DB Change in 
Gain 

Carrier Noise 
Level - Mod. Off 

Carrier Noise 
Ratio 

DB change in 
carrier noise 

Noise Output -
- Carrier Off 

Noise Rat io 
- Carrier Off 

DB Change in 
Noise -
Carrier Off 
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TABLER - 10 

Effect of Humidity on Cold-Start Gain and 
Noise Characteristics o! Western Electric 

226C Radio~TeleEhone Receiver 

Gain cont rol on l,lla.X, - Equipment 
turned off irom Oto 200 mins. 

Initial Equipnent 
Check turned on Reading Read;ng; 

(a) (b)" (c) [ d) 

0 200 mins. . 205 mins. 215 mins. 

23% 97'1, 97% 97% 

65 µv 375 µv 130 p.v 117 )lV 

1.0 0.173 0 . 5 0.55 

0 -15.2 DB -6 DB -5~2 DB 

,6 MW 1.1 MW 1.11m 1.1 MW 

l.0 1.83 1 . 83 1.83 

0 +2.6 DB +2.6 DB +~.6 DB 

1.4 MW' .14 MW .14 MW .14 MW 

1.0 O. l 0,1 0.1 

0 ·':"5 DB ,.;_5 DB .. 5 DB 

DECLASSIFIED 

~~ 
Rea.di;ng 

(e) : I 

300:'mins • 
:1 

26% : 

75 ~v 
- I 

0. 87, 

.;.1,2 i~B 

8 M~~ 

13.2; 

+11.2; DB 

a MW 
. i 

5. '?i 

+?. 6! DB 
ii 
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