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SECTION I

AUTHORIZATTON

1-1. The tests herein reported were authorized by Bureau of Ships
letter S67/43 (10-19-DR6) of 23 October 1940. The above letter assigned
Bursau of Ships Problem T5-34C, Priority A, to cover the tests of thei:
Western Electric Type 226C, 25 watt radio telephone equipment.

OBJECT OF TEST

1-2. The objec!ft of the test was:

(a) To axam&ne the equipment for the purpose of determlnlng its
ability to withstand the rigors of Naval usage.

(b) To determine the performance of the equipment when it was
subjectedlto the various conditions likely to be encountered
in the Naval service. _

ﬁ

{e} To ascertain'what changes or modificitiong are necessary or
desirablekln the equipment to insure satisfactory operation
under Naval service conditions.

ABSTRACT OF TESTS

1-3. The tests!herein reported were conducted with a view of determin-
ing the potentlalitiea of the equipment under Naval conditions of operatlon.
Briefly, inspection and tests were conducted as follows:

(a) Transmitter.

General examination of equipment.
' ]

(1) Check of vacuum tubes employed and method of mounting.

(2) Inspection of panel controls.

(3) 1Investigation of tuning methods.

(4) Accessibility, ease of adjustment, and protective features.
(5) Wiring.

(6) Insulation.

(7) Weight and dimensions.

(8) Physical construction, ventilation, corrosion resisting measures.
(9) Check of meters, switches, resistors, fuses, capacitors, etc.
(10) Mounting and shock proofing methods.

(11) Handset, controls and mounting.

(12) Connection facilities.

(13) Power equipment.
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gggratimial data and tests.
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Pmllar output determination.

Effect of temperature wvariations.
Effect of humidity.

Effect of vibration.

LOcked key operation.

Local and remote control features.
Lp@nlation characteristics.
Break-in method.

Power required for operation.
Insrruction book.

Receiver

Gensral eLamination of equipment.

|
Electrical inspection of circuits, etc.
lMechanical inspection of components, controls,
Instruction Book.
Spare Parts.

Operational Data and Tests

[
Listening tests on antenna
Laboratory measurements in shidided room.

A. Sensitivity and Nolse Output

3. |Image Ratio

C. |I, F. Response

D. .Salect:l.vity

B, Rescnant Overload

F. E‘..ffect of Yodulation Depth

G Galn Control Range.

H. Radiation of Oscillator Frequenc e

Effects of temperature variations.
Effects of humidity wariations.
Effe cts of vibration.
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CONCLUSIONS
(a)

(b)
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The general appearance and construction of the Model 226C
equipment are good. Component parts of good quality are
employed, although not all parts would comply with the usual
requirements of Naval specifications. Standard tubes of a
minimum number of types are used. f

The tuning and antenna adjustments provided for placing

the transmitter into operation are simple in characterl

and afford a means of obtaining compromise adjustments for
operatlon on four frequencies. If the equipment is intended
for use in 2 manner where original adjustments are made and
permitted to remain fixed for long periods of time, the
method provided is suitable. However, should the equlpment
be uaed under conditions requiring frequent adjustment of the

‘-girouits the present adjustment means would be found to be

(e)

(d)

(e)

(£)

(g)

(h)

(1)

laborious if not entirely inadequate.

A number of minor modifications are indicated to 1mprove
operation and maintenance of the transmitter circuits;iand,
if the equipment is intended for use where severe vibration
exists, an improved method of mounting should be provided.

The receiver has good sensitivity, selectivity, image ratio,etc.

The receiver has exceptionally good AVC charaniﬁrjsidns.fnr :
its designed service. :

The rpceiver apparently is not affected to any «reat extent by
exposure to hich humidity; it can be started cold under such
conditions with a relatively small loss of gain, which|is
restored very rapidly.

Variations in temperature do not have any serious effect

on receiver gain, except for a tendency toward instability
at low temperatures. Controls seem to operate satisfactorily
at all temperatures tested.

While precision measurements could not be made on changes in
receiver frequency during the temperature and humiditytests,
there were no apparent changes in frequency of meximum
response that were outside of signal generator error.

In most instances, relatively slight changes in components
would bring the receiver much closer to meeting the require-
ments of Naval service.
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The relatively poor performance of the receiver during
listening tests on weak signals in the presence of strong
local|electrical noise is 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 tuning
knob, | lin addition to setting the receiver oscillator frequency
by meana of the band or frequency switch, complicates operation
of the equipment, particularly in the presence of strong local
acoustical noise.

The quality of reproduction on voice was excellent at all
signai levels. Kodulation measurements indicate linear
reaponaa up to high modulation levels.
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it is recommenaed-

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(&)

(9)

(20)

(11)

(12)

That pllot lights or similar power indicators should be pro-
vided on the front panel for receiver and transmitter pcwer
circuits. - Par. 2-2.

That the|necessary consideration be given to supplying sult—
able auxiliary power equipment in the event the Xodel 226¢ |
equipment is used in locations where 110 volts, 60 cyclea '
is not available (Par. 2-8-f).

That, if| frequent tuning operations are contemplated, a m@re
suitable means of making necessary tuning adjustments be
provided (Par. 2-3-b).

That necessary steps be taken to provide adequate meters and
auxillary tuning apparatus to insure satisfactory adjustment
and maintenance of equipment. (Par. 2-3-c).

That sulLable stranded wire be used in locations where leads
and cables are subjected to repeated bending. (Par. 2-5).

Taped wire power cable should be replaced by rubber sheathed
cable. (Par. 3-9-(b)).

It is recomnended that flame proof wire of an approved type,
insulated for at least 300 volts continuous operation, be
used for| wiring throughout the receiver circuits. (Par. 3-9—(m))

That all connectlon terminals be protected against corr051on-
that suitable methods for clamping the power leads be prov1ded
and that|a more satisfactory location for bringing the power
leads into the cabinet be provided. (Par. 2-12).

A1l terminal strips and boards should be wax treated against
moisture! (Par. 3-9 (1)).

Bakelite |wafer-type tube and crystal sockets should be replaced
by an approved ceramic type or else suitably wax-treated agalnst
moisture! (Par. 2-6, 3-9 (z2)).

That, in, the interests of corrosion prevention, the type EW
resistors be equipped with plated brass rather than plated
steel moTntlng clamps and lugs. (Par. 2—9—c)

Potting in an approved compound, or ctherwise suitably protect—
ing the loud-sPeaker input transformer, is recommended.

(Par. 3-9 (e)).
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(13)

(14)

(15)

(16)

(17)

(18)

(19)
(20)

(21)

(22)

(23)

(24)

(25)

BE‘CLASS!FFEH

A1l unpotted choke coils should be protected by an abnrnnr{ate

wax treatment. (Par. 3-9 (1))

That precautions be taken to prevent lezkage of compound froh
Transformer T-2. (Par. 2-8-d).

That the Station Selector switch be more securely fastened to
the shaft, either by use of two set-screws or by means of a
taper pin (uee par. 2-2).

That the necessary provision be made to insure that the antenna
binding post grips the antenna wire securely. {Parf 2-9-1).
: I

That a means for suitably shock mounting the egquipment be
provided! (Par. 2-10).

That suitable means for securing the handset against piteh|
and roll |be provided; that the tension of the hook switch
spring be increased and that provision be made for servicing

the pushTto-talk switch in the hand set. (Par. —11)

Receiver|and transmitter crystal frequencies should be plalnly
identifijd on the crystal holders. (Par. 3-9 (a)).

"Goat"-type tube shields should be replaced by an approved well-
grounded [type. (Par. 3-9 (h)).

|
It is reJommended that approval be given the use of a 25 i
25 volt electrolytic condenser in a metal case for cathode|,
by~passzng. (Par. 3-9 (3)).

All toggle switches should be of the same approved type and
manufacture, preferably enclosed in a molded case, with heavy
silver coptact surfaces. {(Par. 3-9-(k)).

|
It is recommended that all controls that are lubricated injuse
shall employ a suitable lubricant which will not change its:
viscosity, in the temperature range of +50° to -15° Coy suffi-
ciently to affect operation of the control to any considerable
extent. (Par. 3-7-b).

The cause| of the receiver's tendency to operate poorly under
strong local electrical noise conditions should be determined
and corrected, if readily possible. (Par. 3-9 (n)}

Steps shoald be taken to reduce the radiation voltages appear—
ing at the antenna terminal. (Par. 3-9 (o0)).
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(26) The tendency toward receiver instability at low temperatuges

should be corrected if readily possible. (Par. 3

(27) %hile the use of steel for cabinet and chassis is undesirdble,
it may bp desirable to waive this requirement in the preseqt
instance for reasons of availability. (Par. 3-9(d)) 2

(28) That consideratlon be given to providing sufflclent and suit-
able spare parts with the Model 226C equipment. (Par 2—24)

DECLASSIFIED
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VATERIAL UNDER TEST
i

1-4. The material under test comsisted of the following:
S el

1 - Model 226CL 25 ¥Watt, Radio Telephone Equipment.
Vestern Electric Compsny
Serla-l No. 1110
equipped th following vacuum tubes:
2 - 807
2 - 6L6
l ", 523
1 - BL7G
‘2 - BK7C
'1 - 6C5G
1 - 6Q7G
1 - 6K6G

1 - 9D Muartz Plate, Ser. No. 657
1797.000 ke
2182 000 ke

1 - 9D Quartz Plate, Ser. No. 539
2137.000 ke
2126.000 ko

1 -~ 5D Quartz Plate, Ser. No. 3409
2115 ke :
2500 ke

1 - Instruction Bulletin #962P

1-5, Plates TRal TR-2 and TR-3 are views showing the constructipn
of the Model 226C eqnlpment.

1-6. The lodel 226C equipment was received at the Naval ResearchH
Laboratory on September 24, 1940.

METHCD CF TEST

1-7. The equipment when received, was carefully unpacked ‘and
examined. Adequate precautions had been taken in preparing _ the equips:
ment for shipment and no damage had occurred during transit. With the
aid of the instruction bulletin furnished the equipment was placed intog
commission.

Transmitter
1-8. The general construction of the transmitter was examined and

the component parts were inspected as completely as possible without
resorting to complete‘disassembly or destruction of the various parts.

i DECLASSIFIED
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1-9 The transmitter was adjusted in accordance with the direc%ions
¢c :tained in the instruction pamphlet to operate at several frequencies,
gc -erned by the cryatals furnished. Measurementis of power cutput (carrler
pc ier) were made by means of a lamp load and a photronic cell. Two 15 watt,
3 volt lamps, connected in parallel were used as a load resistance.||A
‘¢z Hacitor of 300 ppf was connected in series with this load. The bases
of the lamps were removed to minimize capacity losses. A photronic cell,
r: :1dly anchored at a definite distance from the lamp load, and a micro-
ar eter were used to determine the power dissipated. A quick ‘actingl! low
cenacity switch waa used to transfer the lamp load from the R.F. source to
a 0 cycle calibrat:,nb source in order that the various parts of the\load {
ar i measuring circdit might be maintained at temperature equilibrium:| A |
pr:cision type wattmeter (Weston Model 310, Ser. 7966) was used to deter— ’
mi1e the exact powér required to preoduce the same photronic eell deflectlon
which was obtained from the output of the transmitter.

1-10. The complete equipment was placed within a test chamber and
sunjected to varlationa in ambient temperature and relative humldltyl A
Yiciel TK crystal eoptrelled drift indicator was used to monitor the output
fr=quency of the transmitter under test. The Kodel 226C transm;iter iwas
lc:ded into a dummy antenna consistinz of a 300 puf capacitor ‘and a 25 ohm
lc v inductance plaque resistor. Provislon was made to check the power
ouiput of the transmitter under test at stated intervals during the course
o! the various testb conducted in the test chamber. The ambient temper-
atire was varied between the limits of plus 50 degrees Centigrade and
ar -roximately minus 15 degrees Centigrade. The relative humidity was |
ver-ied between the limits of approximately 30% and 95% at a temperature
of 40 degrees Centlgrade.

|

1-11. The abllity of the equipment to withstand vibration was deter—
mised by mounting the unit on a vibration platform which was capable |
producing 71brat10nlof varying degrees of amplitude and frequency. fhe
ecuipment under test was kept under comnstant observation and voice 31gnals
we e monitored and observed by means of a nearby receiver.

1-12. The Model 226C equipment was operated into an actual antenna
whose quarter wave resonance point was approximately 2900 ke¢. | The resist-
are of this antenna ranged between 5 ohms at 2100 kc and 9 ohms at 2800
kc. The capacity of the antenna fell between the limits of 550 puf at 2100
ke and approximately 2000 ppf at 2700 ke. WVhen operating into this antenna’
a 300 ypf series condenser was used.

Re-eiver

1-13. The recelver section of the equipment was examined ‘first,| from
th: electriecal vlewpoint with most of the information being derived from
th» eireuit schematlc diagram and other parts of the instruction book-=
sc ond, from the meehenieel and structural viewpoint by direct visual!in-
sp ctlon. The results of these examinations are given in paragraphs
3-. and 3-2.

- g -
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1-14. The equibment was operated on an antenna (described in pafa—
graph 1-12) for listening tests. A controllable standard signal was
provided from an antenna about 1000 feet away and tests were made at
various levels, wlth and without modulation. The results of these tests
are described in paragraph 3-~5 and are shown in Tables R-1, R-2 and R—3

1-15. The receiver characteristics were measured in a shielded room,
using a standard si&nal generator (Measurements, Inc. Nodel 65 Ser.’ 70)
and a standard dummy antenna (General Radio Type 418G). The audio output
was measured by means of an output meter (General Radio Type 5834, Serial
64). The sen31t1vity of the receiver was measured at full gain, since the
noise level on loudrspeaker operation was very low. A value of signal
plus noise output of 40 milliwatts was chosen as being far enough belcw
the AVC threshold p01nt at 30% modulation. Noise output was also measured
both with modulation off and carrier off. Selectivity was measured at the
same constant output level, with the input frequency varied at various
input levels to giv? the same output reading on both sides of the frgquency
of maximum response, = Image ratio was determined by measurement of the
input at the image frequency necessary to give 40 milliwatts output ‘This
value of input was d1v1ded by the input for 40 milliwattis output at the
desired frequency to give the image ratio.

A resonant overload characteristic measurement was made, with
inputs from 0.1 microvblt to 2 volts. Noise level with modulation off
was measured at each point. The effect of various carrier modulation per-
centages was determnned in terms of A.F. output at 400 cps. The attentua-
tion of the gain control was measured at the point of minimum Putput.;
|
The voltage appearing at the antenna binding post due to the
receiver oscillator|was measured by substitution. The output caused by
this undesired voltage in another receiver, coupled to the antenna post
of the ilestern Electrlc equipment through 5000 ohms resistance, was
measured. The standard signal generator was then substituted for the
Western Electric receiver, and the input necessary to give the same output
from the measurinz receiver was determined. This measurement was made at
the fundamental, s second harmonic, third harmonic, etc., of the. oscillator
frequency.

The results of the above measurements are described in paravraph
3-6 (a to f) and are shown on Plates R-1, R-2 and R-3, and Tables R-4. R-5,:
R_'b R-'? -

1-16, The equlpment vas set up in the temperature and humidltf chamher,
as described in par 1-10, 2-15, and 2-16. Siznal generator and output
meter connections were made as shown in Plate TR-4. Since the transmitter .
output load was 1eft connected to the antenna post of the equipment throuph—
out the temperature-humidity tests, a 1000 ohm non-inductive re31stor|was i
used to isclate thelequlpmants under test from each other, and: also to
protect the signal ~enerator from the transmitter antenna voltage durlng
operation of the transmitter. Changes in gain and noise level, were n meas— L

w 5w
DECLASSIFIED



?, G

o “\”;o\
-

mjhﬂh
A ﬂ“:“b‘g-”h

ured during the course of the tests described in the above mentioned ipara-"
graphs and as givenlin par. 3-7. Results of the tests are shown on Plates
R-4, R-5, and R-6, and Tables R-8, R-9, and R-10.

1-17. The equipment was set up for vibration test, as described lin
par. 1-10 and 2-17., The receiver was checked for chanues in gain or
functioning, with the results given in par. 3-8.

1-18. No receiver frequency measurements were mede during the tem-
perature, humidity, and vibration tests, other than the signal generator
dial settings, due primarily to lack of time and the unavallablllty of
precision fregquency measuring equipment during the test perioed.

DATA RECORDED

1-19. The data|recorded during the test are shown in the appended
tables and plates, |Tablas or plates with the prefix TR refer to the equip~
ment as a whole; the prefix "T" refers to the transmitter, while the
prefix "R" covers recelver data.

TRANSMITTER - VECHANICAL DESIGN AND CONSTRUCTION

2-1. Vacuum Tubes. The Model 226C Western Electric Radio Telephone
employs the following tubes in the transmitter section of the equipment:

(a) One 807 cfystal oscillator .

(b) One 807 pcwer amplifier.

(c) Two 6L6's las push-pull modulators.

(d) One 523 rectifier, which is used
to supply both transmitter and
receiver.

The tube sockets aré the bakelite wafer type commonly used in radio re-
ceivers. No shock mountlng is employed, and tube base clamps are not|
used. However, tube base pins are gripped tightly by the socket contacts,
and no trouble or damage resulted during the vibration test toc which fhe
equipment was subjected. Uninsulated clips are used to make contact to
tube caps. All tubes employed in the transmitter section of the equlpmsnt
are types which have received Navy type approval.

2-2. Panel Controls. The following controls are provided on the
front panel of the equipment:

(a) Station seiector switch, 4-position. The bakelite knob, one
inch in diameter, is secured to the shaft with a single set
SCrew.

(b) ®Power-Cff" switch. 2-position nickel plated toggle switch.

{c) "Speaker-Off" switch. 2-position nickel Ql&?g&ﬂ&ggg%a,sui&qh.

- 11 -
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(d) "Tuning" control for receiver. & N

(e) "Sensitiyity" control for receiver.

No indicator lights|are used. In addition to the above controls, whilch
are mounted on the front panel, a push button "press-to-talk" awitch 13
built into the handset grip. This push button cannot be locked in the
"on" position. The|above controls appear adequd%e in size and ease of
manipulation and are so spaced and shaped that they can be operated even
when conditions require the operator to wear gloves or mittens. However,
it is considered advlsable to either pin the control knobs, or at least
use two set screws 120 apart rather than depend on the single screw
employed at preaent.

2-3s Tuning, Tuning is accomplished by the following:
(a) Crystal Oscillator. This circuit is untuned.

(b) Power Amplifier Tank, Antenna Tuning and Coupling.

The tuniig of these elements is accomplished by use of a
common rotatable coil having four adjustable roller contacts.
A screwdriver may be used to rotate the coil,and a hole inI
the top of the cebinet allows this to be done with the equip-
ment oparating. - Three of the roller contacts are used for|
tuning the antenna, while the fourth roller secures proper
plate impedance for the power amplifier tube. The station
selector‘switch places wvarious combinations of these taps

the circuit, depending on its position.

In positions one and two of the selector switch, which are
normallyiuaed for ship to shore stations, no change in the
roller circuxts is made. Hence tuning to these two frequencies
must be a compromise, and optimum conditions cannot be attained
simultaneously on both channels. In position three_of the
selectorlswtich one portion of the tuning coil is shorted
out, andlantanna tuning for this channel is therefore in-
dependent of the other channels. Tuning of band three is ac-
complished by moving the number three roller along the coil
to short lout the proper number of turns. Position four of
the 3elector switch is tuned in the same manner as position
three, a|separate roller being used to short out part of

the tuning coil. To summarize the above:

(1) 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.

g
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(3) Power amplifier loading is adjusted for only
one frequency. The same setting must serve
for 211 four chamnels.

From thls summary it is apparent that the rotatinz feature |
of the cpil is used only once in tuning up all four bandsj.
after which all subsequent adjustments are made by moving |!
the coil‘roller contacts. These rollers are difficult to |
adjust in the present design, and it is necessary to remove
the P. AL vacuum tube in order to reach the plate roller.
It is snggested that some easier method of making adjust-
ments be'sought and if possible, a more independent method

of couplinv and tuning be provided.

(¢) No meters are supplied with the equipment. As stated on
Page 16 of the instruction book, the following apparatus
is requiTed for tuning the antenna:

1 - 500 yuf variable air condenser (callbrated)
1 ~ Simple wavemeter capable of tuning from 2 to 6 mc.
1-1. 5 ampere R.F. ammeter

| ] ’ i
In addit@og, the following fixed condensers should be avai}able:

- 100 W condensers
150 puf condensers
200 ppf condensers
250 puf condensers
- 300 ppf condensers
2 - 500 puf condensers

MMM N
|

In ordef to determine the proper plate loading, a 0-200
ma. meter and a plug to fit jack J1 are also required.

2=4e Accessibility and Protection of Personnel.

After th; initial tuning adjustment, using the rotating fegture
of the tuning coil, further adjustments are accomplished by tilting the
front panel forward All components except the power supply are mounted
on a shelf welded to the rear of the front panel. Hence, when in the
tilted position, tank coil adjustments, and tube and crystal changes can
be readily accomplished. The front panel is equipped with a sturdy con-
tinuous hinge alonv|its lower edge and a catch holds the panel at 35°):
from the vertical when in the forward position. This catch may be i
released to allow greater opening, but in that case care must be taken'
that panel controls are not dama*ed by the supporting table. All comt!
ponents of the transmitter become accessible for servicing vhen the panel
is in this near-horizontal position. Line fuses, rectifier tube and relays
are also accessible, but several components of the rectifier, 1nclud1ng :
wire-wound resistors, still cannot be serviced unless the rectifier chasais,
mounted in the cabinet itself, is completely removed. This operation

e T
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requires unbcltlng the equipment from its supporit, if the bottom of]ths
cabinet is inaccessible, and removal of six retaining screws. Protection
of personnel is provided by the inclusion of an inter-lock switch at the
rear of the panel}shelf which acts to cut off the line supply voltage i
to the equipment when the front panel is tilted forward. A blocking con-|
denser Cl prevents d-c from reachinz the antenna. However, due to the i
common plate and antenn& tunin? ceil, the P.A. voltage is present on.

this component.

2-5. VWiringl. In general, the wiring of the Model 226@ equipéént
is very well done.

(a) Unstranded 22-gauge, tinned, color-ceded, braid-insulated |
wire is ﬁsed for w1r1ng most of the c1rcu1ts. Stranded, “
braid-insulated wire is used for vacuum tube cap connectlons
and for leads to the hand-set hook switch mounted on the 31da
of the cablnet.

(b) Leads from transmitter-receiver to rectifier are cabled
together} taped, and led through two holes cut in the
rectifier sub-base. These holes were originally fitted
with grommets to prevent chafing the insulation, but these|
have moved out of position and are no lonser effective.

The wire bsed in the cabled leads is the solid, 22-gauge ”
type descrlbed above. This wire is not considared suitable
for applications where movement or bending of the wire in ’
operatiun,will take place, and it is therefore recommended
that strarded flexible wires be employed for these cables.

(c) Solder is not depended upon for mechanical strenhth.
Solderinﬂ lugs are crimped to wires.

2-6. Insulation. Ceramic insulatlon, apparently Isolantite, has
been used in the antenna post insulator, °. A. tank coil form,! and station
selector switch parts. Phenolic insulation has been employed in termlnal
strips, relay—parts, switches, tube sockets, crystal holders, and fixed
condensers. Kicalex is used for P.A. tank coil and plates. No condehsers
of the paper-cased type are used. A fiber grommet is used where the
antenna lead passes [throush the metal shelf of the transmitter, and
choke coil forms are also of fiber. As can be observed in the:above ;
list, non-ceramic insulation has been employed in some applications where
its use is prohibited in standard Naval equipment. These are its usein
the antenna transfer relay, tube sockets, crystal holders, antenna grommet
and choke coil forms!'

2-7.. Weights and Dimensions. The weight and dimensions of the
Model 226C transmztter—recelver are given in Table Tr-1.

o Gl
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2-8.
(a)

(b)

(e)

(d)

(e)

General Physical Construction.

Both trinsm;tter and receiver are assembled tooether on a‘
plated steel shelf welded to and supported by the front
panel. The rectifier is located in the cabinet itself
and is assemblad on a sub-base secured by six screws to
the bottom of the cabinet. The cabinet itself encloses
the entire equipment with the exception of the handset and,
hook switch, which are mounted on a brackst on the . left
side of'the cabinet. The cabinet is of steel finished in
grathrlnkle on the exterior and plain gray on the !interior.
The front panel is of aluminum backed by a steel panel y
painted nray on the exposed inner surface. The front panel
itself e&hlbits a pleasing appearance with the raised plain
aluminuq lettering on a glossy black background. The front
panel is hinged as described in Paragraph 2-4 and is retained
in the closed position by means of two plated-steel thumb- |
screws 5/8 inches in diameter, which engage self—a119n1n0|,
units f&stened to the cabinets. The two thumbscrews are of
the nonﬂdetachable type; and since they remain fastened téi
the panel may be used as handles in opening the set. The
contlnuous type hinge along the lower edgze of the front panel
is of nickel plated brass, mounted in a concealed manner.

|
Steel has been employed in several instances where it has
been theipractice in Navy apparatus to use other materials.
However,|where steel has been used, a protective coating I!
has been| applied to prevent corrosion. The hinge along the
lower edge of the front panel is of nickel plated brass.
The materlals used in eonstruction have apparently been I
carefully selected by the manufacturer, and in general the; |
choice is very scod.

Thumbscrews holdlnp the front panel in the closed p051t10nh
are descylbed above in paragraph 2-8-(2). Other screws hold-
ing components to the chassis, and the six screws whlch fasten
the rectifier unit to the cabinet, are of stalnless steel or
nickeled brass.

Ventllation has been accomplished by the provision of louwans
on top and sides of the cabinet. The only evidence'of over—
heating qoted during the test period was the leakage of
compound ifrom T2, the modulator stage input transformer.
Since the component is mounted adjacent to the modulator

and rectlfler tubes, it is quite likely that heat radiatedl
by the tubes cuased the trouble. Failure of the transformer
did not occur. -

The presénce'of the ventilation louvers in the top of the

cabinet makes the equipment incapable of withstanding con-
ditions where vater may drip upon it.

- 15 - g
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2-9.
(a)

(b)

(c)

(a)

(e)

DE’C&ASS!FEE!Z@

No rotating equipment is included in the set tested since'
it operaFes directly from a 110-volt, 60-cycle source. ‘1
Additional eguipment will be necessary to operate the trana—
mitter-receiver if sources other than 110-volt, 60-cycles '

are contemplated.

Cogggneht Parts.

No meters whatever are provided with the equipment.. As
pointed qnt in paragraph 2-3-C, certain meters (not supplied)
are necessary in order to tune the set initially.

Switches‘employed in the transmitter are as followa;

1 - DPST nickel plated toggle switch (Power-0ff).!

1 - SPDT nickel plated toggle switch (Speaker-0ff).

l- SPST momentary, nickel plated push-to-close
switch (interlock).

1 - Handset hook switch.

1- Tw$~sectlon, 4-position station selector
swﬂtch.

The flrsﬂ three switches listed above are of Hart and Hegeman
manufacture. The station selector switch is made by Yaxleyl
A1l switches are standard types. ' '

A1l resistors employed in the Model 226C are manufactured
by IRC. Gomp031tlon type resistors are used in ratings up
to 2 watts, while power resistors are Type M, wire~wound.
The MW resistors are provided with plated steel mounting
clamps anﬂ soldering lugs. Since these resistors are ob-
tainable with brass clamps and lugs, it is recommended that
this substltutlon be made in the interest of greater re-
llablllty. ‘No ferrule type resistors are employed. ' Except
in the case of composition resistors, which are provided
with pigtail leads, wiring is not depended upon for mechanﬂcal
support.

The only fuses supplied in the equipment are the two line
fuses rated at 5 amps. These are Littel-fuse No. 5AG of

the non—renewable glass body type. The dimensions are:
overall length - l—l/b"- diameter of ferrules 13/32". These
are replaceable by Type M, midget Navy standard fuses. The!!
phenolic fuse block is located on the rectifier chassis and |
may be reached by tilting the front panel of the transmitterv
receiver forward to a nearly horizontal position. The fuse[
positions lare not marked in any way to indicate the fuse |
rating required.

Capacitors used in the transmitter section of the eqﬁipmentl!

include small bakelite-cased mica condensers and metal-cased

by-pass and filter condensers manufactured by Cornell—Dubil;er.
| : :
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A 25-mfd. ] 25-volt dry electrolytic capacitor, metal-encased,

is used ag a filter for the microphone current supply. Re-|
placement of all condensers in the transmitter-receiver portion
of the equipment may be readily accomplished without dis-
agsembly. | Filter condensers are located on the rectifier
chassis and the unit must be removed from the cabinet in the:
manner prev1ously described if these components require replace—
ment.

(f) The antenna terminal is located at the top of the cabinet
near the édve of the front panel. A spring binding post is
used which will accommodate wires up to %8 B&S gauge. The
clamp has,rounded edges which do not retain the antenna wire
securely, jand the wire may be pulled out of the terminal post
without difficulty. Since it is necessary to disconnect the
antenna in order to tilt the front panel of the set forward|,
(as in tunlno up the circuits) it is desirable that a quick,
convanlent method of making the antenna connection be provided,
but one which grips the wire in a more satisfactory manner ||
than in the present design.

2-10. lounting and Shock-proofing. No shock-proofing of any kind
is employed in the equipment. It is apparently intended for mounting'on
a flat horizontal surface, since six felt pad feet are provided on the
base. Four slotted [bolt holes in the rear of the cabinet permit attach-
ment to a vartical support. -

2-11. Handset A Western Electric Type F3 handset and hook switch
is provided with the equipment. The handset merely hangs in the hook|
switch, no retainlng spring or clamp being used. This arrangement is
con51dered unsatisfactory, and it is racommended that some device be
provided which willerevent loss of the handset due to pitch and roll
or vibration. During vibration tests to which the equipment was sub-
jected, it was noteq that excessive vibration of the hook switch occurred
at some frequencies with the handset off the hook. Although this vibra—
tion did not cause the switch contacts to operate, it is believed that
under some conditlons this might result. This switch is in the m1cro%
phone circuit, and its intermittent opening would make transmitted speech
unintellivlble. It |is therefore recommended 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 the equipment, it is believed that such construction

is undesirable.

2-12. Method of Comnection. A terminal strip provided with nickel-
plated screw terminals is mounted on the top of the filter choke to i
serve for connections to the handset or handsets. The 110-volt, 60-cycle
supply lines zre connected directly to the fuse clips located on the
rectifier chassis. |Unplated brass screws and terminals not provided
with lock washer or|soldering lugs are employed at these fuse clips.

It is recommended that parts prcperl; protected against the effects oz
corrosion be substltuted in this service. No clamps or other devices

- 17 =
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are provided to prevent the power leads from exerting a pull on ‘the
terminals themselves, and in view of the absence of lock washers
mentioned above, trouble with poor contacts may develop. iires are
brought through grommeted holes in the sides of the cabinet. It is
considered desirable!that these holes be relocated to provide more
convenient entry of the wires, since their present position near the
rear necessitates a rlght angle bend of ‘the entering wires just'inside
the cabinet. ire ror connection of the equipment to the 110-volt
lines was not supplied. A1l terminals described albove may be reached
without difficulty by tilting the front panel forwasrd until nearly
horizontal.

2-13. Power Suﬁglz. The power supply is integral with the
receiver-transmitter junit, being mounted on a separate chassis in the
lower part of the cabinet as described in paragraph 2-8~(a). This
portion of the equipment is composed of the main power transformer ;
which supplies all filament, plate, and bias voltages for both receiver
and transmitter, a sultable filter, and relays to perform the circuit
functions described below. No radio-frequency filter is used in the
supply line. A Type‘szB rectifier is used followed by a conventional
single section filter. Since the same rectifier is used for both
receiver and transmitter, a relay (52) is included, which serves to
transfer the output of the rectifier from receiver to transmitter,
depending on which is being used. In addition, one contact of this
relay inserts a capacitor in the filter circuit when in the "transmlt"
position to provide increased voltage. In the "receive" position,
the filter is 1nduct1ve input. Also included in the rectifier-filter
unit is the keying relay (53), which is actuated by the push button
of the handset and which coentrols the action of the voltage transfer
relay (S2) and antenna transfer relay (Sl). Voltage for operation
of this relay (S3) is obtained from the bias supply, hence keying the
transmitter is 1mpossible until bias voltage is available.

OPERATIONAL DATA AND TESTS
2-1L. Power Outggt. Table T-1 illustrates the power output obtain-

able from the Western Electric Model 226C radio telephone. Three crystals

were available and the outputs listed were obtained with the equlpment

tuned up on each of the three channels, so that operation on any one

frequency 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 therefore unnecessary to make a compromise adjustment

between positions one and two as explained in paragraph 2-3-(b). Com-|i i

promise adjustment on all three bands was still required as far as ' ’

antenna coupling is concerned. The dummy antenna constants are given

in the same table, while the method of measurement has been described

in paragraph 1-9. Outputs varied from 21.1 to 24 watts, depending on

the frequency as compared to the manufacturer's nominal rating of 25

watts. Operation onjan actual antenna, described in paragraph 1-12,

was also accomplished. AdJjustment and performance were found to be

satisfactory,and emitted signals of good quality were obtained.:

= QIFIED
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2-15. Variation of Ambient Temperature. Table T-2 shows' inform-
ation obtalned during the course of this test. The temperature was ||
held at 50° C. for a period of approximately two hours, while readinga
were taken at about 15-minute intervals of output power and frequency.
The humidity was maintained at a low value throughout the test. At
the end of the two-hour period the ambient temperature was reduced to
~15° C. and was held between -15 and -17.5° C. for the remainder of
the test. After a period of about 1-1/2 hours at this low temperature,
the receiver, which jup to this time had been operating continuously,
was shut down and the entire equipment allowed to stand idle for 20
minutes. At the end of the idle period the equipment was started and
the test proceeded as shown in Table T-2. An examination of the data ,
listed in this table reveals that except for an increase in carrier
frequency of about 200 cycles, no definite effect of the change of
temperature was observed. The equipment could be started and all con= !
trols operated w1thout difficulty at the lowest ambient temperature
attained.

2-16. Variation of Humidity. Two humidity tests were conducted
on the Western Electric radic telephone equipment. The data obtained
in the first test are shown in Table T-3. The receiver was operated
continuously during the entire test, while the transmitter was on only |
long enough to obtain readings. This humidity test followed the usual |
pattern of such tests to which standard Navy apparatus is subjected. ‘;
The humidity was held at a low value for one hour, raised to 97%, where
it was maintained for one hour, then dropped to less than 30% for the|!
remaining hour of the test. No difficulties of any kind were encountered
during the test, the‘equlpment performing satisfactorily at all tlmesﬂ;

In the second of the humidity tests, conducted to determine the ability

of the equipment to operate after subjection to severe humidity conditions,
the humidity was ralsed to 97% at a temperature of 40° C. and maintained

at this point for two hours, 43 minutes. The entire equipment was 1d1e
during this period. ‘At the end of thig time the equipment was started'

and its performance checked against that observed under the low humldity
conditions existing previous to the test. It was found that no serlous
change had occurred due to the high humidity, and operation was‘satisﬁ
factory in every respect.

2-17. Vibration Test. The complete Western Electric equipment
was subjected to a vibration test. The transmitter-receiver was per-
mitted to rest on a flat horizontal surface and secarely'bolted to a
vertical support by means of the four slotted bolt holes in the rear
of the cabinet. The|data obtained during this test are listed in
Table T-4. The emitted signal was checked to determine frequency stability
and in addition the quallty of transmission was observed at frequent
intervals on a Navy Type RAB receiver. No damage due to vibration wa
observed during the test periocd, and an inspection of the equipment ,
after the test revealed ne injury to components. During the BO-minute“
vibration test the transmitter was in operation continuously. While no
damage or faulty operation was noted during the test, this does'not
constitute definite assurance that failure of parts will,not occur if

o DECLASSIFIED
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the equipment is subjected to lengthy periods of vibration in actual o Clk
service.

2~18. locked Key for One Hour. Table T-5 shows the results
obtained when the Model 226C radic telephone was operated for one hour, |
under full power output conditiona. During the test the ambient temper-
ature was maintained|at 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 observed during
the one-hour period.| No evidence of damage or faulty operation in thq
transmitter was noted during the test, and an examination of the transr
mitter components revaaled no injury had resulted. However, heat from'
the adjacent Type 6L6 modulator tubes and the Type 5Z3 rectifier caused
some flow of impregnating compound from transformer T2, the input trans-
former for the puah—pull modulator stage.

2-1S. Control. No remote control unit was furnmished with the
Model 226C transmitter. Directions for the comnection of additional
handsets and hnok—switches are included in the instruction book so
that operation from a remote point becomes possible. The receiver
rmst be turned on from the front panel in any case; and no station
selector, receiver tunlng,_or volume control would be provided at the
remote point. The equipment is primarily designed for local control.

2-20. Modulation. Quantitative tests of the modulation capabilities
of this transmitter were not conducted. However, listening tests on a|i
Type RAB Navy receiver revealed that transmitted speech was at all times
clear and intelligible.

2-21. Break-—in. Break-in operation is accomplished by means of
Relay S1, which acts to transfer the antenna from receiver to trans-
mitter. This relay ﬂs controlled by keying Relay S3, which in turn is
actuated by the handset push-to-talk-switch. At the same time relay
S3 controls relay S2,iwhich transfers the plate voltage from receiver
to transmitter and changes the voltage output in the manmer described

in paragraph 2-13.

2-22. Power Inght. The power input as given by the manufacturer
on Page 9 of the instruction book is 100 volt-amperes at 115 volts,
60-cycles for the “recelve“ condition and approximately 300 volt-amperes
for the "transmit" condltiqn. The power factor is given as 85—90
per cent.

2-23. Instruction Book. The instruction book which was supplied
with the Western Electric eguipment provides fairly complete information
on the operation and maintenance of the apparatus. Installation, adjust-
ment, and servicing are also covered in an adequate manner. The book
is provided with bothlschematlc and color-coded wiring diagrams. All
components in the schematlc diagram are identified by symbol numbers
corresponding to a parts 1ist included in the instruction book. | The
parts list gives the manufacturer of each part and ordering informat;on
However, since the or?erina information in most cases is useful only

i
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when the parts are obtained from Western Electric, it is suggested
that more complete descriptions of the components be given, so that
other sources of supply may also be utilized, l
2-2,. Spare Part . HNo spare parts accompanied the Wéstern Electric
equipment. Since numerous component parts are of such design and manu—
facture that they are not likely to be available within the Naval organ—
ization, it 1s deemed advisable that some definite provision be made |
to permit repairs by operating perscnnel. It may be pointed out that
many of the parts used would faif®to comply with Navy standards, and
hence disruptions and failures under the rigors of Naval Service will|
undoubtedly occur. ‘It is suggested that the manufacturer be consulted
to determine which parts are most subject to failure based on servzce|
records of the Model 226~C equipments, or equipments of similar con- '
struction. % ;

2-25. Summarv|of defects and suggested changes. Such items as |
appear definitely defective, together with suggestions for 1mprovemsnt
and modification, are listed below. At the end of each of the statements
there appears the paragraph number in the body of the report whereln
each matter is discussed in detail. ’

(1) station Seleotor Switch is held by means of a single
set screw! (2-2).

(2) No "power on" indicator is provided. (2-2).

(3) ?1ff1cglty is experienced in making tuning adjustments
2-3-b).

(4) No meters|or auxiliary tuning devices are provided. (2-3~cb}

(5) Solid w1re cabled leads subjected to bending and consequent'
danger of |damage. (2-5).

(6) Phenolic insulation used in applications where normally
prohibited in standard Naval equipment. (2-6).

(7) Leakage'of compound occurred from Transformer T-2. (2-8—d)%

(8) No auxiliary power equipment was provided with the Mbdel
226C submitted for test. (2-8-f).

(9) Steel mounting clamps and soldering lugs used in type
MA resistors. (2-9-c).

(10) Antenna binding post does not grip wire securely. (2-9-f)
| :
(11) No shock-proofing employed in the equipment. (2-10)

(12) Hand-set is not secured against pitch and roll of vessel,
hook switch spring lacks sufficient tension; servicing or
repairs to handset push-to-talk switch would be difficult. (2—11)

-
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(14)
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Gonnection terminals not protected against corrosion;

no method for clamping power leads provided; location

of entrance holes unsatisfactory. (2-12).

No spares are provided with the Model 226C equipment. (2-24).

III. REGEIVER SECTION OF EQUIPMENT

Electrical Inspection

3-1.
following

The equipment was given an electrical inspection and the
information obtained, in large part from the schematic circuit

diagram and the instructlon book.

(a)
(b)
(e)
(a)
(e)

(£)
(g)
(h)
(1)

(3)
(k)

(1)

(m)

(n)
(o)

Type_of Circuit: Superheterodyne.

Frequency|range: 2000 to 2800 ke, (not continuousl? variab}e)

Number of Bands: 4 fixed crystal frequencies on switch.

Crystals: | Crystal oscillator control at each frequeécy.

Crystal Mounting: Common holder with transmitter erystal
for each freguency. Each crystal frequency marked on holder
but not 1dent1fled, so that it is impossible to determine
which is recelver crystal frequency.

Total Number of Tubes: 6

|
Tube Types Used: 605G, 6K6G, 6K7G, 6L7G, 637G, 523

Power Supply Required: 110 volts, 60 cps; 100 VA dr§1n.

Type of B!Supply and Max. B+. Voltage at Receiver: Trans~
former-rectifier (5Z3); max. B+ = 200V. |

Antenna Required: Less than 60 feet.

Antenna IAput Circuit: Single tuned circuit, no primary,
capacity coupllnp to antenna.

Radio-Frequency Amplifier: 1 stage (6K7 C); single tuned
cireuit, with primary in plate circuit of tube. '

Radio-Frequency Tuninz: R.F. circuits (except oscillator)
continuously variable on panel dial; oscillator on band-~
switeh, not ganged with other circu1ts.

Converterj Pentagrid mixer (6L7G).

i L
Oscillator: Simple crystal controlled triode cireuit (6C5G);
oscillato# frequency below signal frequency.

' B w
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frequency = 385 k

2 transformers = 4 tuned circuits.

(p)

{q) Second Detector: Conventional diode; 1 plate of 6Q7p diodéi
section. | ;

(r) AVC System: Separate from 2nd detector; other platé of 6Qﬁd
diode secpion.
Tubes on control = R.F. amplifier and converter.

(s) C. W. OBciliator: None.

(t) Noise Suppressor: None evident.

(u) Audio-Frequency Amplifier:

1st stage = Diode-biased triode section of 6Q7G cathode
' “ | . resistance coupled to

2nd stage| = 6K6G output pentode.

! . |

(v) Aundio Output Circuit: Output transformer, with 200 ohms
secondary feeding loud-speaker input transformer and hand-set
phone.

(%) Gain Control: R.F. gain, by variation of cathode bias of
R.F. ampllfler, converter, and I.F. amplifier tubesl

(x) sSafety Devlces‘ Interlock switch at resr of chassis dis-
connects power when equipment is opened for servicing.

(y) Changeover lieans: Handset push—button, actuating power andu
antenna transfer relays.

(z) Remote Control: Remote handset and ringer stations obtainable.

(aa) Receiver Sensitivity: {from instruction book):
1 microvolt for .06 watt output, input modulated 30% at 400 cps.
Noise 1evel wlth modulation off carrier = ,019 watt.

(bb) Miscellaneous: Operation requires separate switchlng of |
band switch (oscillator) and tuning of R.F. amplifier circuits
with continuously variable tuning control.

Handset phone is on at all times, regardless of position of]!
loudspeaker switch.
Receiver designed for continuous operation.

3-2. Mechanicél Inspection.

The equipment was given a mechanical inspection and the foyloWh
ing information obtained'

L
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(2)
(b)
(c)
(a)

(e)
(£)

(g)

(h)

(1)

(3)
(k)

(1)

(m)

(n)
(o)

(p)

Number of Units Comprising Egquipment: 1. DE

Size: Sﬁown in Table TR 1.

Weight: Shcvm in Table TR 1.

General Txpe of Construction: Par. 2-8 applies. In additlon,
the loudspeaker unit is mounted behind grill work on front|

panel.

Number of Front Panel Controls and Function: Par. 2-2 applies.

Other Cthrols- Lifting handset off hook connects hand-set |
circuits to transmitter and receiver (and switches remote f
control clrcuits, if used). Hand-set push-button switches
from recelver to transmitter operation.

General Layout and Accessibility of Controls:  Symmetrical |
layout; ac03331bility good.

Ease of Control and Operation: All controls work 3331ly,
operation similar to normal types of broadcast receiver

(except frr the use of the handset in transmission).,
Accessibility for Servicing: Very accessible; receiver-
transmitter chassis and front panel tilt forward as a unit

on a hinge at the bottom of the front panel, exposing pcwen|
chassis at bottom of cabinet. All tubes and trimmer adjust—
ments readlly accessible in this position. Power and receiver—
transmltter chassis interconnected with taped power cable.|
Tape looseninv. (Par. 2-4 applies)

Acceasibility for Repair: Good.

Power Indicator: No indicator for power ON, except marking|
of power switch on panel.

Materials Used and Finishes: A1l chassis parts and cabinatJ'
of steel » | Primer coated and lacquer covered. Cable g¢lips
nickel plated, variable condensers cadmium plated. Anti-
corrosion protection generally good.

General Insulation to Moisture: Appears reasonably good;
loud speager input transformer should be moisture proofed.

teneral PJotection against High Temperatures: Appeérs good;

Ability tJ Withstand Vibration and Shock: No shock mounting'
provided;

General Ruggadness: Appears excellent.
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(a)

(r)

(s)

(t)

(w)
(v)

(w)

(x)

(¥)

(2z)

(az)

(bb)

(ce)

M‘J“’h “"‘5\_-:-.
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| i |
Tube Mounting, Sockets, etc: Tubes vertical, in bakelit%
wafer sockets. Sockets replaceable but will require disturb-
ing of wiring and some resistors.

Tube Shieldss Two of "Goat" type used. These are constructed
of several parts, fitting the tube envelope. Generally unL
reliablel with poor, indirect grounding to chassgis.

Transformera Chokes, etc: Well encased, sturdy appearance,
potting unknown. Universal wound choke colls varnished-
wax would be preferable.

|
Crystal mounting Each crystal mounted in common molded
bakelite holder with transmitter crystal; holder plugs into!
bakelite wafer tube socket. Very accessible.

R.F. Transformer Structure: Hammerlund units in aluminum can
shields,|a1r trimmers.

. X Traksformer Structure: Hammarlund units in aluminum‘
can shields, air trimmers.

Variable Condensers: Hammarlund 2 ganz, construction similar
to air trimmer condensers, ceramic insulation; plate apacing
small but| probably satisfactory; cadmium plated.

Fixed Condensers: Molded mica or metal-clad paper fypes,
except for one 25 MF, 25 V electrolytic in metal can.

Switch Gonstructlon- Band-switch is of ceramic wafer type,l '
with silver-plated contacts; flat wipe. Power switch is i
of toggle|type with bakelite housing. Speaker swltch is oq\
toggle type, with laminated housing. ]

Rea:.storsl Hostly 1/4, watt pigtail type; rigidly mounted,
generally‘acce351ble but haphazard as to arrangament.
Terminal Strips: Sturdy, .115 inch thick terminals, with

-1 inch creepage path, in power unit. Tinned lugs on «065 in.
1mpregnated bekelite in receiver chassis; light but appear
sufficiently strong. May be satisfactory for creepage if
properly impregnated. i

Younting Gf Components: No rivets found; screws, nuts, andl

Tock washers used throughout. Many r951ators and condensers
mounted on pigtails between other components, but in no case:
in an objectionable manner and well locked against rqt,ationl.i

L i

l
Miring: Generally neat, arrangement good, with no lonb leads
except cabled and taped leads from power unit. Sxcessive
flexing of'this power lead appears to have damaged taping.
Wire size very small, with thin synthetic or rubber insula-
tion covered with colored fabric outer braid. (Par. 2-5
also applies.)
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(dd) Miscellaneous: Antemna connection (or stand off insulator,)
lacated:above top of front panel. (Par. 2-9 (f) applies. D

3-3. ZExamination of Instruction Book
The comments in paragraph 2-23 apply to the receiver as well
as to the transmitter portion of the equipment.

3-4. BSpare Parts _
The comments in paragraph 2-24 apply.

3-5. Listening Tests.
The equipment was set up in the Transmitter building and |

connected to an outside antenna. A standard signal generator was se%
up in the Laboratory Annex building about 1000 feet away, and its ouiput
connected to an outside antenna for the purpose of radiating a readily
controllable fie1d|3t the freqneney'of test. Tests were made with apd
without 30% modulation at various carrier levels, and voice modulation
was also made avallable by means of a suitable mlcrophone and audio
amplifier modulating the signal generator.

The presence of a strong variable noise field in the transmittar
building location made it difficult to get consistent results at the’
lower levels of signal generator input. The results tabulated in Table er
were obtained in the first listenings test.

Due to the relatively poor showing of the equipment under test,||
as compared to simllar equipments of other manufacture also tested et
the same time in the same way, the test was repeated on the folloWingI
day. The results are shown in Table R-2.

As shown in Table R-2, the results obtained in the second test
were similar to thoae in the first.

It was also observed during all the listening tests that the recelver
seemed to block on'strong instantaneous noise pulses, such as 31m11ar.
to ignition noise. | This blocking effect did not persist for any great
length of time, but, in the presence of a continuous series of pulseé,
was enough to 1nterfere seriously with the receptiocn of relatively waak
signals, which could however, be readily understood on the other equip—
ments under test. IIt is believed that the relatively poor showing of |
the Western Electrlb receiver on the listening tests, despite the
superiority indicated by the Laboratory measurements in a noise-free
shielded room, was due primarily to this tendency to block instantaneouely
in the presence of n01se. This may possibly be an abnormal characteristic:
of the particular receiver tested.

The Western Electric equipment was tested at 2500 KC, as this
was the crystal frequency nearest to 273€ KC provided in the group oy
crystals sent with the set. The other equipments tested were provided
with crystals for the 273€ KC Intership channel. In order to determine
possible dlfferences due to the antenna at 2500 KC as compared to

- 26 -
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2738 KC, the field| intensity from the transmitter portion of each eqhip—
ment was measured at an arbitrary distance of about 750 feet. The same
antenna was used in each case, and the antenna current was approximately
the same on each equipment (about 1.0 ampere). The results are tabu}
lated in Table R-B{ '

From Table R-S, and in view of other tests made by the Trans—
mitter Section of the Laboratory on a dummy antenna, it seems probable
that the frequency|employed in testing the Western Electric Receiver |
was unfavorable for the antenna used, and it is believed that the
receiver might hawe made a better showznv on this antenna if it could:
have been tested at the same frequency as the other equlpments. P

3-6. Laboratory heasurements
The receiver - section of the Vestern Electric equipment was.
measured in a shielded room, (as per par. 1- -15), with the following |
results. _‘

(a) Sensitivity, Noise Output, Imapge Ratio and I. F. Responssl?
These are shown in Table R-4. '

(v) Select1v1tx
The selectivity characteristic of the receiver is shown on Plate

R-1. Tabulation R-5 summarizes this characteristic. )

(¢) Resonant Overload and Carrier Noise.
The resonant overload characteristics are shown in graph form
on Plate R-2. The data for Table R-6 have been derived from
this grﬁph.
The graphs on Plate R-2 show an exceptionally flat AVC
characterlatic over a large range of input values,,wlth
a very-aharp threshold at which AVC action begins. | The
input range necessary to decrease the carrier noise to
the mlnlmum value is small compared to the other makes
of recelvers tested, minimum carrier noise being obtained
at 100 m;crovolts input.

(d) Effect of Hodulatlon Depth on Output
Plate R-3 shows the effect of varying the signal modulatlon
depth on|the audio output from the receiver. The curve i
departs {rom linearity above about 70% modulation.

(e) Gain COntrol Rance
The maximum attenuation of the sensitivity or gain control“
of the receiver is approximately 62 DB.

(f) Radiation of Oscillator Freguency.
The voltages appearing at the antenna terminal due .. ...
local crystal oscillator of the receiver were measured i
terms of\the microvolts input from a standard signal
i i
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(a)

(v)
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| v
PECLAS SR,
generator required to give the same oulpuv i:vwm w
receiver tuned to the oscillator frequency. Both tﬁe
receiver under test and the standard signal generator
were connected, in turn, to the input terminals of the
measuring receiver. The resulting data are shown in
Table R-7.

Temperature-and Humidity Tests )

The equipment was set up in the large Temperature-Humidity
chamber and was tested under the conditions described in
par. 2-15 and 2-16. The circuit arrangement is shown
schematically in Plate TR-4.

Effect of Humidity on Gain and Noise Level of Receiver

i
The receiver noise output level was set, by means of the
gain control, at 0.4 MW prior to begimning of test, with
no carrier input. A drop in the local noise level, how-
ever, brought this output down to about 0.03 MW by the
time the test was actually started and this lower noise
level was obtained throughout most of the test. "

The change in receiver gain with variation of humidity was
measured in terms of the carrier input voltage required to
maintain an arbitrary standard output of 10 MW (signal and
noise), with the standard signal generator modulated 30%
at 400 cps. Noise outputs with modulatian off, and with
carrier off, were also measured. Readings were taken at
epproximately 15 minute intervals.

The results of the test are shown on Plate R-4. Tabulation
R-8 was derived from these graphs. i o

'
Effect of Temperature on Gain, Noise Level, and Conirol
Operation.
The change in receiver gain with variation of temperature i
was measured, in a way similar to that in the previous test.
In this test, however, the signal generator was modulated
90% at 400 cps. Due to better local noise conditions
(i.e. lower electrical interference noise.) during this
test, the receiver gain was raised to maximum, and the
input for a constant output of 100 milliwatts measured at
about 15 minute intervals. Noise outputs were also checked,
as well as signal generator dial settings. The equipment '
was operated continuously. The controls were checked at
-17° C. for operation and found to be somewhat stiff but
otherwise satisfactory. It was noted that the receiver
showed signs of regeneration and instability upon operation
of the tuning Ikmob on either side of resonance, with the
gignal menerator input on.

Plate R-5 shows the results of these tests. Tabulé%ion R—i
was derived from these graphs. ‘A %
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(e)

3-8.

3-9.

(a)

(b)

(e)

f'?'-‘

During the temperature test, it was noted that the output
termination for maximum output from the receiver changed
from 200 to 250 ohms at the higher temperatures. This value
came back to 200 ohms at room tempgrature at the end of the
test.

Effect of Humidity on Cold-Start Gain and Noise Characteristics.
For this test, the signal generator was modulated 90% at 400
cps. The 1nput for 100 MW output, with gain control on maxi-
mum, was measured 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 ;
same temperature, as described in par. 2-16. The receiver

was turned on after 2 hours, 43 minutes, and the input for

100 KA. output and noise, immediately measured. The same
measurements were then made at suitable short intervals to

show the variations occurring after starting up. These read—
ings are shown in zraph form on Plate R-6. I
The values shown in Tgble R-10 are derived from the above graphs.

Effects of Vibration

The equipment was sub jected to a vibration test, as descrlbed
in paragraph 2-17. The receiver was measured for changes in '
gain, whenever possible, between the intervals of vibpation i
and transmitter operation. Very little usable data was ob- |
tained, however, due to the extremely high variable noise |
level in the transmitter building, where the tests were con-
ducted. The receiver appeared to function well durlng the
test, with no apparent damage or abrogation of performance.
Reception of voice modulated signals was good during vibration.
The few figures obtained in the course of the test indicate,

if anything, a possible increase in gain after vibration,

but the results are not definite. |

Summary of Defects
The following defects were found as a result of the examin-
ations and tests listed in paragraphs 3-1 to 3«8,

Receiver and transmitter crystal frequencies are marked on
each common crystal holder,but there is no way to determine .
from the markings which one is the receiver crystal frequency
and which the transmitter. (Par. 3-1(e)).

Taped wires interconnectinz the power end receiver-transmitter

chassis are unsatisfactory and should preferably be rubber ||
sheathed cable. (Par. 3-2 (i)).

Pilot lights ar similar power indicators are not provided
to indicate when receiver and transmitter sections of | equip—
ment are in operation. (Par. 3-2 (k)).
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(a)

(e)

(£)

(g)

(n)

(1)

(3)

(k)

(1)
(m)

(n)

(o)

(p)

DEg,
Ae
| !-A.agfﬁc:;gﬁ
Use of steel for cabinet and chassis is undesirable,’ although

these parts seem to be adequately protected by primer and H

lacquer coats (Par. 3-2 {1)). % :

The loudspeaker input transformer (mounted on the ldﬁdspeakE}
frame) apparently is not moisture-proofed. (Par. 3-2 (m)).

No shock mounting is provided for the entire equipment.
(Par. 3-2 (o), 2-10).

i J
Tube and crystal sockets are of a bakelite wafer type, apparent-
1y not wax-treated. (Pars. 3-2 (q) and (t). i :

Tube shields of the "Goat" type are used. These depend on ||
a rather inseoure method of assembly and are grounded through
a series of consecutive contacts which are not dependable. !
(Par. 3-2 (r)).

Universal wound ghoke (retard) coils are used, which{appear?
to be varnish impregnated. ax would be preferable. ' ‘
(Par. 3-2 (s)).

One 25 MF, 25 V electrolytic condenser is used, mounted in al
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)). o -

Terminal strips apparently are not wax-treated for creepage.
(Par. 3-2(aa)).

Wire size used in wiring is small, with thin insulation.
(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).

Radiation voltages appear to be excessive, particula:iy on
switch position 1. (Par. 3.6 (f); Table R-7).

Signs of regeneration and instability have Been obseriad
at -17° ¢. (Par. 3-7(b)). .
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Model 226C Western Electric Radio Telephcne
~ Weight and Dimensions

Dimensions: H - 15 3/4 inches overall
D - 8 3/4 inches ;
W - 19 inches with handset mounting

Weight: 65 1bs. 12 oz.
TABLE T - 1

Model 226C Western Electric Radio Telephone
Power Output

Antenna: 300 mmf + two 32 volt, 15 watt lamps in parallei.

2126 KC 2182 KC 2500 KC
|

Ip (ma) 120 117 126

Irf (amps external) 1.05 1.04 1.01

E (Volts- line) 119 117.5 118

Selector Switch Position 1 3 4
DECLASSIFIED



: y TABLE T "'_2 ﬁa“c Lﬂ
Model 226C Western Electric Radio Telephone ASSir,
Variation of Ambient Temperature-2500 KG ~IED

Ambient = Relative Irf | ;

Temp. Humidity External Frequency Output !
¢. g Amps. Kilocycles | Watts'
50 17 0.93 2500.228 21.6 |
49 17 .91 .213 20,9
49 : 17 .92 .213 912
49.5 17 90 <195 20.2
50 16 .90 .195 20.2 |
H 4905 : 16 088 -192 19-4 :
: 49.5 16 .88 .192 19.4 |
: 50. 15 .88 +194 19.4 |
3 4. 17.5 i
2:36 28. 19 .187 !
2:51 8.5 .87 .210 18.9 |
3:06 -0.5 .88 .257 19.4 |
3:21 5.0 . .86 .283 18.5
3:36 -9.0 +90 . 305 20,2 1
4200 -12.5 .90 .332 20.2 |
4:15 SRk 5 .90 .352 20.2 |
4:32 -15.5 .90 .358 20.2 |
4‘50 -17.0 -92 c363 21.2 '
5:05 -17.5 .92 373 21.2 |
5:26 -17.0 <94 .380 221
5:44 -16.5 Equipment idle from 5:40 to 6:05 5
6:00 -17.0
6:05 -17.0 .93 403 21.6 |
6:20 “'16.5
6335 ‘16-5 |
6:50 -17.5 .99 +395 245
7:05 -16.0 .98 «370 24,0 |
7:25 -15.5 1.02 +351 26.0
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TABLE T - 3 DECY 4«

Model 226C Western Electric Radio Telephone SSiFiEp
Variation in Humidity -2500 XC e

Ambient  Relative Irf |
Time Temp. Humidity External Frequency Output
Minutes o £ Amps.  Kilocycles Watts

il
0 40 19 0.97  2500.246  23.5
20 39 14.5 .97 241 23.5
35 40 13 .97 + 241 23.5
50 40 : 13 .86 _ %3.0
50 39 9.5 .93 25 216
107 39 97 9% 277 22,1
122 39 97 <94 236 22.1
140 39 97 .93 211 21.6
155 39 97 4,92 «221 21,2
170 39.5 o7 .92 .218 ﬁl.E
185 39 56.5 .91 .223 %o.v
200 40 27 91 219 20.7
215 39.5 26.5 .91 221 30.7
230 40 29 .89 .218 19.8
245 £0 29 .89 a1l 19.8
260 40 29 .89 .211 19.8

|

Antenna: 300 ppf in series with 25 ohms plaque resistors.

Output Frequency at end of first test period - 2500,241 KC

Frequency of maximum departure thereafter - 2500.21% ggc £
Difference — 3 les or.

| | . 0,002 %
Power output at end of first test period - 23 watts i
Maximum power decrease noted thereafter 19.8 watts | 5

Difference 3.2 watts, or 13.9.%
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TABLE T - 4 SSIFIEn

Model 226C Western Electric Radio Telephone
Vibration Test-2126 KC

Irf

External Emitted

Time Amps. Signal Condition
13.44 1,01 Satisfactory Stationary
13.49 1.01 n Vibration
13.54 1.01 " L
13.59 1.01 " n
14.04 " JL01 n n
14,09 1.01 n "
14.14 1.01 L "
14.19 1.01 " "

14.20 0.98 " Stationary

TABLE T - 5
Model 226C Western Electric Radio Telephone
Locked Key Operation for One Hour-2500 XC

Ambient Relative IrE 4

Temp Humidity  External Frequency Output
Time e 2 Amps. Kilocycles Watts
gl
14410 40 25 0.93 2500.216 21.6
14-;20 39-5 2405 0-92 n209 21.2
14330 3%9.5 4.5 Q.94 .205 2.1
14:40 39 26.0 0.92 .186 21.2
14:50 40 25.0 0.91 .181 20.7
15:10 40 25.0 0.92 »165 2;II..2
Output frequency at beginning of test - . 2500.216
Naximum frequency departure noted thereafter - 2500.165
Difference -~ 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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Listening Tests on Western Electric 226C .

TABLER - 1

Radio-Telephone - October 4, 1940

QECMSSJF;E&

£ = 2500 KC
1
Sig.Gen. ' i i
(1) Input to 2 volts 100,000 pv 10,000 pv~ 5,000 nv
Antenna in . .
Lab.Annex
] Signal Plus
(2) Noise Cutput 27 MW 38 T - ~
(30% modula- b
tion)
Hoise:
(3) Carrier On 0.1 M 13w - =
Noise: 100 to
(4)  Carrier Off 100 kW 200 157 - -
Ratio in DB L3
(5) Signal plus 24.3 DB 4.7 DB = - |
Noise to H
Noise : (2)
(3)
Excellent: Very under- "
Comments on AVC pro- standable, Inaudible Inaudible
(6) Quality & tects re- but noisy  above  above -
~ Intelligibility ceiver background noise noise
from overload t
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TABLE

R~2

Listening Tests on Western Electric 226C
Radio-Telephone - October 7, 1252

f = 2500 KC

DE ClLa S8y,

Siz. Gen.
Input to "
(1) Antenna in 2 volts 100,000 pv 50,000 pv lq,OOO,uv;
Lab. Annex :
Signal plus
Noise Output ; i
(2) (30% modula- 30 MW 45 V¥ 60 MW ﬁO YR
tion) :
Noise:
(3) Carrier On 0.1 MW 17 MW 60 MW 60 MW
Noise: -
(4) Carrier Off 100 MW 100 uw 100 MW 100 W
Ratio in DB:
Signal plus
Noise to
(5) Noise : (2) 24.9 DB 4.2 DB 0 0
(3)
Comments . Understand- Speech
on Quality Excellent a2blejnoise audible Unheard
(6) & Intelligi- high. Quality  bat not Tone or |
bility good on understand- speech.;
handset. able : '
TABIE R - 3

Field Intensity of Three Radio-Telephone Trans-

mitters at g |

Point approximately 750 feet from the Antenna

(Same antenna used for each)

(Above measurements made with Ferris portable Field Intensity h.at.er) e

)
Eguipment Frequency Measured Field ;'
Intensity i
i o
| 4
Western Electric 2500 KC 22,500 pv. meter
226C - |
B 2738 54,500

e o e o

c 2738 51,%00--
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TABIE R - 4 DECLASS’F’!EQ

Sensitivity, Noise Output, Image Ratio and I.F.Response
) il
of Western Electric 226C Radio-Telephone Receiver

Gain control at maximum; input modulated 309 at 400 cp_f;s.
Output impedance: 200 ohms.

Selector Switch Position 1 2 3

Siznal Frequency , 2182 KC 2500 KC 2522 KC
Tuning ¥nob Position 87 38 36

1
Input through Standard 2.2 pv 2.0 pv 2.05 pv
Dummy Ant.
A.F. Output in : g
200 ohms ) 40 1T 40 10 40 MW,
Noise Output i
— modulation off 1.3 MW 1.8 W 1.8 ¥,
Noise Output ; .
- Carrier off : 0.1 MW 0.15 W 0.15 M@
Image Frequency ' 1412 KC 1730 KC 1752 XC
Image Ratio 4210 1785 1700

I.F. Response

from Antenna for i over over |
40 15T output f 100,000 pv ~ 100,000 nv
(385 KC)
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Selectivity of Western Electric 226C

T ey o e
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TABIE R - 5

Radio-Telephone Receliver

Gain control at maximum; input, 30%
modulation at 400 cps; constant output - 40 MW

R

Frequency - 2500 KC

Ratio: 3 Band Width ,
Input off max. response Ratio in DB
Input at max. response KC %

|

1sd 3 DB 4.8 KC .19%

2 6 6.5 261l

10 20 1 .4"7‘

100 40 19.3 .77}]
1,000 60 30.0 1.2
10,000 80 47.5 1.9
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TABLE R - 6

Resonant Overload Characteristics of Western Electric

2260 Radio-Telephone Receiver.

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

(1) Threshold of AVC action: Input - 2.6 pv -
' ' I
Output - 62 MY
(2) Maximum variation of output for
+100 DB increase of input above
AVC threshold: 60 to 72 MW (0.€.DB)
. II
(3) Input for 6 DB change in AVC
threshold output: 1.10 volts
(4) Range of linear detection below Input - 1.3 to 2.6 nv
AVC threshold: Output - 13 to 62 MW
(5) Carrier noise output Max. - 1.8 MW
(modulation off): Min. - .04 MW
Ratic - 16.5 DB|
(6) Ranze of input variation to
decrease carrier noise from i
max. to min. value: 2.6 to 100 pv (+32 DB)
(7) Max pover output of
receiver : LB0 ¥
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TABLE R - §

Effect of Temperature on Gain and Noise level of Western

Electric 226 C Radio-Telephone Iquipment

— o e e =

Gain control set at max.

-15° ¢

50° ¢ 50° ¢ -15° ¢
Temperature (Start) (End) (start) (End)d
Time 0 120 mins. 255 mins. 410 mins.
Input for ; ;
100 MW output 7% uv 78 v 21 pv 28 v
Gain :
Ratio 1.0 0.975 3.61 2.71
DB change in .
initial gain 0 -0.2 DB + 11.2 DB + B.T;PB
Carrier Noise ' i
Level - lfod. off 10 MW 13 ¥w 49 W 60 MW!
Carrier Noise
DB Change in |
Carrier Noise o +1.2 DB +.9 DB +7.8 DE
Hoise Output |
- Carrier Off 4 W 5 M 25 MW 160 MW
Noise Ratio ;
~ Carrier Off 1.0 1.25 6.25 115
DB change in ¢ +1.0 DB +7.8 DB +11.7 DB;
noise output
- carrier off.
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TABLE R - 10

Effect of Humidity on Cold-Start Gain and

Noise Characteristics of Western Electric

226C Radio~Telephone Receiver

Gain control on max. — Equipment

turned off from 0 to 200 mins.

Tnitial Equipment

Condition Check turned on Reading Reading Rgadang
(a) ° (b) (e) © {d) (e)
Time 0 200 mins. . 205 mins, 215 mins. BOOTFins.
Humidity 23% 97% 97% 97% 26%
Input for | _
100 ¥ output 65 uv 375 pv 130 pv 117 pv 75 pv
Gain Radio 1.0 0.173 0.5 0.55 0.87
DB Change in .
Gain : 0 -15.2 DB -6 DB -5.2 DB -1.2'DB
Carrier Noise ' %
Level-Mod. Off 26 HW 1.1l MW 1.1 MW 1.1 MW 8 M
Carrier Noise ! .
Ratio 1.0 1.83 1.83 1.83 13.2
DB change in .
carrier noise 0 +2.6 DB +2.6 DB +2.6 DB +11.2 DB
Noise Output - ;
- Carrier Off 1.4 MW «14 MW o14 MW + 14 MW 8 MW
Noise Ratio .
DB Change in
Noise -~ 0 »5 DB 5 DB 5 DB +7.6| DB
Carrier Off il
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