
I 
.J 

... (, 

r •• r I ' r I I • I -
REPORT No. 

DA~E l'l . 
~ i ~ 

SUBJECT 

T. t. L "--· ~:J. l 

BY 

.. 

' 

,;,., 

.. - :lf.iZ.J 
r Q C 

, • ' ~, -• 
.... _ 

f=.i..-lto,/o 
,_ ,-1 

DBCLASSII ,.f.D hy p,QL Co,~ 
ned ,H~t aH·. 1 ,; •. -;-. 

1-...-=, J~__!,_ ~~/l, .. 
~IN.i's n: n~.:i A~ T, l'SOJI 

• p. J{Al(fv!j_ -
DI t Jfca,IO"' wthtu,. /Y/:lil ; '•·• 

• , 
' 

' • 

I ' ' . 
• 

j 

.L 

' 
+ 

-·• ..... ~.,,.,.£M£t.'C 4 --
1 V,$ ~ ;iuth!JC.illta... c 

0 
• IJ.Nt11~/11$, •• 

> 



... - - , . --~-. .. . -··---- , ......... - -

19 December 1940 

Number of Pages: 

Authorization: 

pate or Test: 

Prepared by: 

Reviewed by: 

Approved byi 

Distribution: 

LP 

1~~~-~~-. 
{' / DECLASSIFIED 
~ . 

~ Report No. R..J.676. 
Bustu,ps PN>b. No, · T5""T3.5C 

NAVI Dl!P AR . 

Text - 26 Tables - l4 Plates ... ll 

BuShips let. S6?/43 (l0-19-DR6) or 23 Oct. 1940. 

October: 2 ~ December 16, 1940 

T. McL. I)av.l.s, Radio Engineer 
Cbiet, Receiver section 

R. B. Veyer, Radio E!ngineer 
Chief, Transmitter Section 

A. HO)'t Tll\rlor• Head Physicist 
Supvintendent, Radio Division 

· H, a. Bowen, .Rear Admiral, u.s.N. 
Director · ~ lp 

/ \\.Q 
~ w:-~ ·· 

DECLASSIFIED 

B\lShips (10) 

20070516049 

= 

..: 

--

/ 



· Table of Contents DECLA_SSIFIED 

S~TION I 

Authorization 
Object ot Test 
Abstract of Tests 

Conclusions 
RecOl'll!Deni ations 

Material under Test 
:Method or Test 

Transmitt er 
Receiver 

Data Recorded 

SEnTION II 

Transmitter - Mechanical Design and Construction 
Operational Data and Tests 

SEnTION III 

Receiver Section of Equipment 

Appendices 

Dimensions and Weights 
.Power Output Measurements 
Variation of Ambient Temperature, 2738 kilocycles 
Variation-in Humi<lity, 2738 kilocycles 
Vibration Test, 2738 kilocycles 
Locked Key Operation for One Hour, 2738 kilocycles 
Listening Tests, 2738 kilocycl.es, October 4 

Pagel 
l 
1 
2a 
2b 
3 
4 
4 
5 
7 

8 
15 

20 

Table TR-l 
T-1 
T...2 
T-3 
T-4 
T-5 
R-1 
R~ Listening Tests; 273g kilocycles, October 7 

Sensitivity, Noise Output, Image Ratio and -I-F Response 
of Radiomarine ET-8021 Radio Telephone Receiver 

Select i vity of Radiomarine E!'-8021 Radio Telephone Receiver 
Resonant Overload Charact eristics 
Radiation Voltage due to Receiver Osci1lator appearing 

at .Antenna Terminals · 
Effect of Humidity.on Gain and Noise Level 
Effect of Temper ature on Gain and Noise Level 
Effect or Humidity on Col d-stirt Gain and Noise 

Characteristics 

R-.'.3 
R-4 
R-5 

R-6 
R-? 
R-8 

M 

Selectivity Characteristi cs Plate R-1 
Resonant Overload Characteristics R-2 
Depth of Modulation Characteristics R-3 
Effect or Humidity on sensitivity R--4 
Effect of Humidi ty on Cold start R-5 
Front View, covers in place TR-1 
tJnder Side of Chassis, covers oft 'IR-2 
Top View, cover open TR-3 
Interior view of power supply unit and remote unit TR-.4 
Temperat~re-humidity room wiring diagram m ... 5 
Wiring diagram . __ ., •• ,.,...~----~~ ..,,, 

DECLASSIFIED 



t. r DECLASSIFIED 

AUTHORIZATION 

1-1. The t ests herein reported were authorized by Bureau of Ships 
letter s6?/4J (10-19-DR6) of 2J October 1940. The above letter assigned 
Bureau of Ships Problem T5.,.J5C, friority- A, to cover t he tests of the 
Ra.diomarine Type ET-E3021, )0 watt radio telephone equipments. 

OB.ra'.}T OF TEST 

1-2. The object of the tests wasr 

(a) To examine the equipnent for 1he purpose of determining 
. its ability- to with stmxi t he rigors of Naval usage. 

(b) To detefl11ine t he performance of the equipment when i t 
was subjected to the various conditions likely to be 
encountered in the Naval Service. 

(c) To ascertain llhat changes or modifications are necessary 
or d esirable in the equipment. to i t18Ure sati sfactory 
operation under Naval service condit ions. 

ABSTRACT OF TESTS 

1- J. The tests herein reported were conduoted w.it h a view of 
determining the potentialities of the eq,upnent under Naval conditions 
of operation. Briefly, inspection and tests were co~uoted as follows , 

(a) Transmitter 

General exaninati?n of equipment 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(?) 
(8) 

(9) 
(10) 
(11) 
(12) 
(13) 

Check of vacuum t ubes employed arid method of mounting. 
Inspection or panel controls. 
Investigation of tuning methods. 
Accessibility, ease of adjustment am protect ive features. 
Wiring. 
Insulation. 
Weights am dimensions. 
Peysical construction, ventilation, corrosion r esisting 

!lleasures. . 
Check of meters,· switches, resi stors, fuses, c apacitors, etc. 
Mounting and shockproofing methods. 
Handset, controls, and mountlng. 
Connecti on facilities. · 
Power equipment . 

ctors 
o: 
. ?> 
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Operational data and tests 
oectAss1==1eo 

(1) Power output determination. 
(2) Effect of temperature variations. 
(3) Effect of humidity. 
(4) Effect of vibration. 
(5) Locked key operation. 
(6) Local and remote control features. 
(?) Modulation characteristics. 
(8) Break~in method. 
(9) Power required for operation. 

(10) Instru::tion book. · · 

(b) Receiver 

General examination of equipment 

· (1) Electrical inspection of circuits, etc. 
(2) Mechanical inspection of components, controls, etc. 
(3) Instruction book. 
(4) Spare parts. 

Operational data and tests, 
I 

(1) Listening tests on antenna. 
(2) Laboratory measurements in shielded room.. 

A. Sensitivity and noise output. 
B. Image ratio. 
C. I-F response. 
D. Selectivity. 
E. Resonant overload. 
F. Effect ot modulation depth. 
G. Gain control range. 
H, Radiation at oscillator frequency. 

(3) . Effects of temperature variations. 
(4) Effect of humidity variations. 
(5) Effects of vibration. 

""'; .. . . . . . .. . ~ 
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C. : 

-< Conclusions DECLASSIFIED · 

(a) The general appearance arrl construction of the Yodel El'-8021 
equipment is good. .Component parts or good quality are employed, al­
though not all parts would c ompfy with the requirements of Naval speei­
fic ations. Standard tubes of a minimum number of types are used. 

(b) A fiexible system of tuning and antenna adjustment for the 
transmitter has been provided, making it· pos·sible to obtain optimum 
performance without undue difficulty. 

(c) · A number of minor modifications are indicated to improve 
operation and maintenance of the transmitter circuits ,and improvements 
in wiring are considered necessary in order to prevent failures due to · 
~bration. 

(d) The receiver has moderate sensitivity, good selectivity, and . 
a poor image ratio. 

(e) The AVC characteristics are apparently satisfactory for the 
type of service for which the receiver was designed. 

(f) The receiver operated satisfactorily in the presence of high 
humidity, except when started cold after prolonged exposure to such 
humidity. Its gain under the latter condition was greatly reduced, and 
it required about t1VO hours to return to approx:lmately normal. 

(g) High temperatures did not greatly affect its gain, but 
starting at very low temperatures was accompanied by low gain. This 
effect was reduced as the receiver heated up and when the controlswere 
manipulated. 

(h) No appreciable frequency shift occurred during temperature 
and humidity variations. 

(i) The quality of reproduction on voice was satisfactory but 
not excellent. Response w1 th modulation was linear up to high modula­
tion levels. 

( j ) The lack of an r-r stage is apparent in the sensitivity and 
image response obtained with this receiver. · 

DECLASSIFIED 
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Recommendations -

It is recommended: 

( a) That taper pins be used to secure the beve1 gear-in the 
select or switch mechanism instead of the set screws now used. 
(See par. 2-2(a)~) 

(b) '!bat consideration be given to replacing steel hinges and 
steel parts of Lord mounts with non-corrosive metal. (See par. 2...S(c ).) 

(c) That non-detachable thumb screws be used on all access doors. 
(See par. 2-8(d).) 

(d) That consideration be given to waiving the requirement of 
driP-proof construction. (This applies particularl3' to the power 
equipment. ) ( See par. 2-8( f). ) 

(e) That the handset cradle switch spring have its tension in­
creased to guard against interruption of canmunication during .severe 
vibration; and that provision be ma.de for servicing the push-to-talk 
swikh in the handset. (See par. 2-11.) 

(f) That e. cable clamping an:i grounding deVice be provided for 
the cables entering the Traismi.tter-Rece~ver unit atd that soldering 
lugs be furnished with the Power ard Remote Control units, (See par. 2-12.) 

_(g) The use of steel as a chassl.s and cabinet mat erial is 
generally considered as undesirable. (See par. · 3-2(1).) 

(h) That consideration be givm to providing additional m.eters 
for tuning and adjustment purposes and spare meters for replacement 
purposes; additionally,the use of a test set for monitoring and ser­
vicing operations would be desl.rabl.e. (See par. 2,,-J(a). )_ 

(i) That the necessary provision be msile for supplying replace­
ment meters, since standard Navy meters cannot be used for this purpose. 
(See par. 2-9(a).) · 

(j) That, while no interlock protection is provided, the Bureau 
consider the advisability of not requiring this feature in the interest 
of simplicity. (See par. 2-4.) 

(k) That additional precautions be taken to adequate13" secure and 
protect the -wiring and that improved solderi ng practices be required. 
(See par. 2-5.) 

{l) Wiring should be modified to facilitate socket r911oval and to 
eliminate long unsupported leads . (See par. J-2(j), (o), (q).) 

(m) Flameproof wire of an approved type, insulated for at least 
JOO vol ts continuous operation., should be used for wiring throughout 
the receiver. (See par. J-2(cc).) 

-2b,-
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_, (n) That, while phenolic insulation is employed i n the trans-
mitter in locations normally prohibited by Navy starxiard practice, 
that the use · a! this material be considered acceptable i n the equip... 
ment i n question. (See par. 2-6). ) -

(o_} The crystal socket insulation should be of non-hygroscopic 
material and should have longer leakage paths. (See par. J-2(m). ) 

(p) .Air diel ectric ceramic insulated tr1l'll!l\ers should be used i n 
r-f circuits. (See par. 3-2(w). ) 

( q) The band swi toh should utilize ceramic insulati on. ( See 
par. J.-2(y) . ) 

(r) Creepage distmce on terminal strips should be increased. 
(See par. J.,-2(aa).) 

(s) That the necessary steps be taken to insure that vacuum tubes 
will not be subjected to voltages in excess of their normal rating. 
(See par. 2-14.) 

(t) That the maladjustment of the P.A. circuit, which causes 
overloads to disrupt the high voltage ruse, be corrected in a suitable 
manner. (See par. 2-18.) 

(u) The. crystal holders should be so designed that ·the crystals 
can be plugged only in the proper position. (See par. 3-2(t).) 

(v) ~ r-f amplifier stage would be desirable to improve sensitivity 
and image ratio, although the receiver has considerable merit in its 
present form. (See par. 3-(,(a).) 

(w) -All r-f coils and terminal strips should be wax impregnated. 
(See par. 3-2(u), (aa).) . _ 

(x) The paper tube electrolytic condensers should be replaced by 
approved-hermetically sealed paper types in the power filter circuits. 
(See par. 3-2(x). ) · 

(y) Steps should be taken to reduce the radiation voltages ap­
pearing at the antenna terminals. (See par. J-6(f),) 

{z) The loss of sensitivity at low temperatures should be investi­
gated and corrected. (See par. 3-?(b).) 

(aa) All controls requiring lubrication should use a lubricant 
llhich will not have an excessive viscosity change in the temperature 
range of +50 to -15° c. (See par. 3-?(b). ) 

(bb) That the necessary modifications md additions be made to 
t he instruction book in order to insure satisfactory maintenance and 
servicing. (See par. 2-23.) 

. (cc) That consideration be given to providing sufficient and 
•suitable spare parts With the Model ET-8021 equipment, (See par. 2-24.) 

...2c-
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YA.TmIAL UNDER TES!' 

1--4. The material under test consisted of the f'ollowing: 

l - Model ET-8021 Radio Telephone Equipment_ 
Radiomarine Corporation of America . 
Serial No. 4023 
Frequency: 2110 - 2738 kc (from namepiate) 
· · : 2000 - 3000 kc (from instruction pamphlet) 

Povrer Supply: 110 volts, d.c~ 

1 - Remote Control Unit, with handset ( No Serial mmiber) 

1 ~ Power Supply Unit, no volts, d.c., Serial No. 4023. 

Type AVA--10, V-cut Crystals, Temp. 35° c, as follows: 
Frequency 2059 Serial 4902 

2110 11?10 
2215 11755 
2670 · 11769 
2283 12040 
2?:'.38 11625 
2051 12403 
2o67 12007 
2113 8085 
2083 11704 
2142 8132 
2126 12020 

3 - Interconnecting cables. 
l - Instruction Pamphlet. 

Vacuum Tubes as follows: 
2 - 6K6-G 
2 - 5W4 
2 - 6K8 
2 - 6~ 
2 - 6H6 
4 - 6SK7 
5 - 1624 

l - Model ET-8021 Radio Telephone Equipment 
Radiomarine Corporation of America 
serial No. 4038 
Frequency: 2110 - 2738 kc (.from nameplate) 

2000 - 3000 kc · ( from instruction pamphlet) · 
Power: 32 volts d.c. 

l - Remote Control Unit, with handset (No Serial number) 

1 - Power Supply Unit, 32 volts d .c., Serial No. a>JS. 

t .·._· .. _; . .t""' ... ,~ .... ·--•·- •. 

t n 
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Type AVA-...10 V--cut crystals, Temp. 35° C, as follows: 
Frequency 2051 

2118 
2215· 
2738 
2083 
2142 
2is3 
2067' 
2059 
2110 
2670 
2126 

Serial 12042 
12427 
11751 
11787 
11?05 
8136 

12128 
9317 

12413 
12015 

8279 
11921 

3 - Inter connecting Cables 
l - Instruction Pamphlet 
Vacuum Tubes as follows: 

2 6K6-G 
2 - 5W4 
2 - 6KB 
2 - 6~ 
2 ... 6H6 
4 - 6SK? 
5 - 1624 

1- 5. Plates TR-1, TR-2, TR- 3., and 'I'R---4 are views showing the con,­
struction of the 110-vol t, d.c • ., Model Er-8021 F.quipment. The 32-vol t 
d.c. model is practically i dentical wit h the 110-volt model, except f or 
minor differences in the power unit and wiring to adapt it to a 32-volt 
supply • . 

1-6. The above de scr i bed equipments were received at the Naval 
Research Labora tory on September 26, 1940. 

METHOD OF TEST 

1-7. The equipments, when received, were carefully unpacked and 
· examined. AdeqQ.ate precai tions had been taken in prepari ng the equip,,. 

ment for shipment and no damage had occurred during transit. Wi th the 
aid of the instruction pamphlets furnished, the equipments were placed 
into commission. 

Transmitter 

1-8. The general construction of the transnitter was exanined and 
the component parts were inspected as completely as possi ble without 
resorting to complete disassembly or destruction of the various parts. 

1-9. The transmitter was ad justed i n accordance wit h the direct ions 
contained in the instruction pamphlet to operate at several of the fre­
quenci es governed by the crystals furnished~ Measurement s of power output 
( carrier power) were made by- means of a lamp load and a photronic cell, 
Two 15-watt, 32-volt l amps, · connected in parallel were u sed as a load 

: 
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resistance. A. capacitor of 300 micromicrofarads was connect ed i n seri es 
with this load. The bases of the lamps were removed to minimize capacity 
losses. A photronio cell; rigidly anchored at a definite distance from 
the lamp load, and a microammeter were used to determine the power dis­
sipated. A quick acting, low capacity switch was used to transf er the 
lamp load from the r-f rource to a 60-cycle calibrating source i n order 
that the various parts of the load and measuring circuit might be main­
tained at temperat ure equilibrium. A precision type wattmeter (Weston 
Model 310, Ser. 7966) was used to determine the exact power req\li red t o 
produce the same photronic cell denect ion which was obtained from t he 
output of the transnitter. · 

1-10. The complete equipment (110 volt d.c. model) was placed 
wi. thin a test chamber and subjected · to variations in ambi ent temperat ure 
ahd relative humidity. The 32-:volt, d . c. model equipl1'3nt was set up 
(>Utside the test chanber where it could be operated at a substantia.lly 
constant temperature and was used as a monitoring device for the equi p­
ment which wu being subjected to variations in· temperature and humidity. 
The equipment under test was loaded into a d'lllUley' antenna consist ing of a 
JOO micromicrofarad capacit or and a 25-ohm low inductance plaque :resi stor. 
Provision was made to check the power output of the transmitter under 
test at stated intervals during the course of the various tests conducted 
in the test chamber. The ·ambient temperature was varied · between the 
limits of +50° Centigrade and -15° Centigrade. The relative humidity 

·was varied between the limits of approximately 30% and 95% at a tempera­
ture of 40• Centigrade . . 

l - 11. The ability of the equipnent to wi thstand Vibration was de­
termined by mounti ng the 110-volt d. c . model on a Tibration platform 
which was capabl e of producing Vibration of varying degrees of amplit ude 
and frequency. The equipment um.er test was kept under constant observa­
tion arxi voi ce signals were transmitted at stated inter-vals. These sig­
nals were monit ored and observed by means of the 32-volt model i nstalled 
nearby., and listening t ests were conducted on the reception of voice ... 
modulated signals . 

1- 12. The 110-volt d . c, equipment was operated into ~ act ual 
antenna l'lhose fundamental <r quarter wave resonance point was approxi ­
mately 2900 kilocycles. The resistan:e or ibis antenna ranged between 
5 ohms at 2100 ki,locycles and 9 ohms at 2800 kilocycles. The capacity 
of this antenna f ell between the limits o:t 550 micromicrofarads at 
2100 kilocycles and approximately 2.,000 micromicrofarads at 2700 kilo­
cycles. When operating i nto this antenna, a 300-micromicro.f'arad seri es 
corxienser was used. 

Receiver 

1- 13. The receiver section of the equipment was examined; .f'irst 
from the electrical viewpoint., with most of the infonratiori being 
derived from 1he circuit schemati c diagram and other parts of the in­
struction book; second, from the mechanical and struct'lll:'al viewpoint, 
by direct Visual inspecti on. The r esults of these examinations are 
given in paragraphs ►l and :,.,.2. 
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• 1 .. 14. rhe equipnent was operated on an antenna ( described in 
paragraph 1-12} for listehing tests! A contrQllabie standard signal 
was provided from an antenna about 1,000 feet away and tests ·were made 
at vari ous levels, with and without modulation. The results of these. 
tests are described in paragraph 3-5 and are shown in Tables R-1 and R-2. 

1-15.· The receiver c haracteristics were measured i n a shiel ded 
room, using a standard signal generator (Measuremen~s, Inc. Model 65_, 
Serial ?O) and a standard dUJJ11111 antenna (General Radio Type 418-G}. The 
audio O\!.tput was mearured by means of an output meter ( General Radio 
Type 583A., Serial 64). The sensitivity of the receiver was measured 
at full gain, since the noise level on loud speaker operation was very 
low. A value of signal plus noise output of 40 milliwatts was chosen 

. as being far enough below the AVC threshold point at JO% modulati on. 
Noi se output was measured with modulation off and with carrier off. 

SelectiVity was measured by varying the frequency at vari OUf? 
i nput levels to give a 40 milliwatt output on each side of resonance. 

Image ratio was determined by measurement of the input at 
the image frequency necessary to give 40 milliwatts output. This value 
or input was divided by the input for 40 milliwatts output at the desired 
frequency. 

I-F response was measured as the antenna input at th~ i-r 
peak frequmcy (455 kilocycles) necessary to give 40 milliwatts output. 
·A resonant overl oad characteri stic measurement was made with inputs from 
0.4 microvol t ·to 2 vol ts. Noise level with modulation off was measured 
at each point. · 

. The effect of various carrier modulation percentages was 
determined in terms of a-f output at 400 c-P-s• The attenuation of t he 
gain control was measUt"ed at the point of minimum output. 

The voltage appearing at the antenna terminals due to the 
receiver oscillator was measured by substitution. The output caused by 
this undesired voltage in another receiver., coupled to the antenna 
terminal of the Radiomarine equipment through a 5,000-ohm resistance 
was measured. The stmdard signal generator was then substituted for 
the Rs.di omarine receiver., and the input necessary to give the same out put 
.frO!n the measuring receiver was detennined. This measurement was made 
at the fundamental, second harmonic, third harmonic, et c . , ot the oscil­
lator frequency. 

The results of the above measurements are described in 
paragraph J-6 (a) to (f) arxl are s hown in Plates R-1., R-2, arrl R-J, 
and Table s R-3, R-4, R-5, arxi R-6. 

1-16. The equipment was set up i n t he temperature am humidity 
chamber as described in paragraphs 1~10, 2-15, an::l 2-16, Signal generator 
and output meter connections wer~ made as shown in Plat e TR-5. Since 
the transmitter output l oad was l eft connected to the antenna te?'tllinal 
of' the equipment throughout the t emperature and h~dity tests, 1000-ohm 

-6,.. 
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non-inductive resistors were used to isolate the eqllipnents urxier test 
from each other, and also to protect the signal generator from the 
transmitter antenna voltage during operation of each transmitter. 
Changes in gain ard noise level were measured during the course of the 
tests described in the above-mentioned paTagraphs and as given in 
paragraph 3 ... 7. Results ot the tests are shown ·in Plates R.-4, R.-5, 
and R-6, am Tables R-7, R-8, ·and R-9. 

l-17~ The equipmrnt was set up for the vibration test as described 
in paragraph· 1-11 and 2-17. The receiver was checked fer changes in gain 
or fumtioning, with the results g:l_ven in paragraph J-8. 

1-18, No receiver frequency measurements were made during the 
temperature, humidity, aDi vibration tests, other than the sigruµ. 
generator dial settings, dUt primarilY to lack of time ard the unavail­
ability- of precision frequency measuring equiJJ!lent during the test period, 

DATA REX::CllDED 

1-19. The data recorded during the tests are s~own in the appended 
tables and plates. Tables or plates with the prefix TR refer to the 
equipnent as a whole; the pref'ix T refers to tranemitter, while the 
prefix R covers receiver data. 
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SECTION Ii DECLASSIFIED 

TRANSMITTlm - lffl:HANICAL DESIGN AND CONSTRUCTION 

2-1. Vacuum Tubes. The Radiomarine Er-8021 transnitter employs 
four type 1624 vacuum tubes in the follOl'Fing manner: · 

(a) 
(b) 
(c) 

One crystal controlled master oscUiator. 
One power amplifier. 
Two modulators. 

The tube sockets are of isolantite secured to the sub-panel by means of 
two screws. No shock mounting or tube base clamps are provided., but J'.10 
damage or trouble due to this was noted during the vibration test to lbich 
the e~ipment was subject ed. The tube sockets are of a type which grips 
the base pins firmly and there appeared to be no terdency for tile tllbes 
t o work l oose. Conrection to the tube. cap is made by a bakelite insulated 
clip which pr ovide s firm cont act and appears to be satisfactory·. · 

2-2. Panel Controls. The following controls, located on the front 
panel of the equipment, are providedr . 

(a ) 

(b) 

(c) 

{d) 

(e) 

(f) 

Station selector SWitch; 6 position. The n ut ed 
plastic knob, 1-5/811 in diameter, is secured to 
the shaft by means of t wo set screws. All sections 
of. the Sfti tch and gears are pinned to the Slaf t , 
except the control knob i t self' and the bevel gear 
actuating the verti cal (P.A.) part of the S1'i. t ch. 
This gear is secured by means or two set scre'l'l's 
180° apart. It is recommended that taper pin 
fastening be substituted to assure dependable 
operation. 

Handset-Loudspeaker switch; 2 position, nickel­
plated toggl e switch. 

Local-Remote Switch; 2 position, nickel-plated 
toggle switch. 

Vol ume Control and Start-stop sw.l tch combined in 
one unit. The fluted plasti c knob, l-1/8" in 
diameter, is secured to the shaf't by means of 
tl'IO set screws. 

Receiver Pilot Light. l/2~inch diameter red 
glass indicator. 

Transmitter Pilot Light . 1/2-inch diameter 
green glass indicator. 

The following oontrols are l ocated on t he front panel of the Remote 
Control Unit: 

(I) Handset- Loudspeaker Switch. Nickel ... plated t oggle tg,pe • 

- ·- --------

~ 

... 1·•,~ .. --- ·~ ·~~, .... ~ ­.. 
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(h ) Volume Control, A nuted pla'stic knob, 
l-1/8" in diameter, is provided. 

Both handsets ( transmitter and remote control) are equipped with 11push 
to talk" b'1.tttons i n the grips . These buttons. cannot be l ocked i n the 
11on11 position. The above controls appear adequate in siz e and ease of 
manipulation arxi are so spaced md ~aped 'th at. they can be operated 
even when condittons require the operator to wear gloves or mittens. 

2-3. Tuning. The tuning adjustments are all accmplished through 
the access door opening in t he top of the transmitter cabinet. The 
means of adj ustment· provided are listed below. 

{a ) Crystal Oscillator Tank Circuit. This circu.i~ is provided 
with six trimmer condens.ers, one for e ach transmitting frequency-, which 
are numbered to c c;>rrespom to the position of the Station Sel ector .Srltch. 
Adjustment can be made With a screw driver. As descr ibed on page ? of 
the instruction book, the proper tuning of this circuit r equir es the use 
of a O - 50 milliampere, d...c milliammeter, which is not supplied 11:l th 
the equipment·. Provis ion has been ma.de in the form of a removable l ink 
located just inside the access door for the connecti on of thi s meter. 

{b) Powrer Amplifier Tank Circuit. Tuning or thi s circuit is 
accomplished by means or five adjustable clip leads, which mq be moved 
to the pr oper position on the P.A. t ank coil. Frequency channels one 
and two have a common dl.ip, imile all othe:- transnitting channels are 
provided with separate adjustments. The leads to the cl i ps are color 
coded as described on page 7 of the instruction book and are not othe;r­
wise marked. 'nle clips themselves are equipped with a scr ew clamp and 
may be fastened securely in place after the proper tuning adjustments 
~ave been made. 

(c) Al],tenna Tuning. The ant eMa circuit is tuned using six ad-
justable clip leads on a coil in a manner similar to t hat used in t uning 
the P.A. tank circuit. A separate adjustment is required for each f r e­
quency channel, and the color coded leads may t hen be secured in place 
by use of the screw clips provided. · 

{d) Antenna Coupling. Three adj ust able clip l eads are used in 
conjunction with t he coupling coil, located at the top f ront of the unit 
just inside the access door, to secu-e t he proper coupling. The leade 
are color coded and have the same type of cl. ip as the P.A. · and $ntenna, 
coil leads. Sine~ only three coupling l eads are apl oyed, individual 
adjustment is not provided on each of t he six transmitt~ frequm cie e. 
Positions l, 2, and '.3 of the station Sel ector switch have a common cli p; 
position 4 has its mm clip; and positions 5 and 6 have a common cl;tp. 

2-4. Accessibility am Protection of Personnel. As mentioned in 
the }Tevious paragraph, · tuning adjustments are all accomplished through 
the acces s door opening in the top of the transr>.itter case. This door 
measu-es 1611 x 10n , the opening 15.-J/ 411 x 9-l/2" , _No interlock protec­
tion is provided o~ either th~ transnitter access door o~ the hinged 
side on the power umt, 'l'ubee may be :r8Jll0ved and r eplaced without dif.,. 
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ficulty, using t he transmit ter access door opening. Wiring and com.p~ments 
locat ed beneath t he sub-panel can be reach~d only by unbolting t he set 
from. i t s foundation, after 1'hich the bottom cover can be removed by taking 
out 14 screws, Fuses are mount ed in the power unit and are compl etely 
accessible. 

2-5 . Wiring. In general, wiring is fairly well done. Some defects 
and d.esirable changes were noted however. 

( a ) Much of the wiring is done w.i. th commerc.ial, color coded, 
flexibl e wire, which has been cabled together where possible. These 
cables ·are not ·solidly secured throughout their run, and consequently 
may mift. enough to cause fatigue and breakage of the wires and chafing 
of the insulation_ It is recoJllillended that clamps secured to the sub-panel 
be used to hold the cables i n their proper location, 

(b ) In connecting leads to lugs, solder is often depended on for 
mechanical strengt h . · 

( c) Where silk-braid-covered bus bar wiring is employed, runs of 
considerable l ength are made in a f ew cases w.i.thout intermediate support. 
This allows movement and vibration of the wire, particularly noti ceable 
in the lead running from the plate current. mill.iamme.ter to the antenna 
transfer relay. 

(d) · The f lexib l e plate leads to the modulator tubes in the 
110-volt d-c ~cµiprnent can r eadily touch the l;,are antenna wire. Although 
for short periods the insulation of the se wires was found to withstand 
this condition without breakdown, it 1s· recommended t h at the wiring be 
modified to prevent contact between these leads. Eltaminati.on of the 
32-volt model reveals that t he plate leads of the modulator tubes are 
formed in a manner to prevent ·c ontact with the antenna lead., by decreasing 
the length of these leads. This same procedure should b e followed in 
the 110-volt d-c model, or t he same r esult may be attained by moving 
the antenna post from its present rear location to a post tion on top of 
the transmitter case. 

(e) Leads to the 1/10 mfd cordenser in the remote oontro1 ·un1t 
.have been soldered to the terminal nuts., making it impos sible .to renew 
the conienser without f irst unsoldering the leads. 

(f) The by-pass condmser from the negative brush of the dyna-
motor to grourxl was found to be unsoldered. Apparently no solder had 
ever been applied, 

(g) Wires connecting to the filter condenser in the upper right 
part of the power unit are so placed as to almost short out one of the 
filter capacitors. · . 

(h) Soldering to the lug on the plate current milliammeter pre-
vents ranoval of the terminal nut. 

-10-
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2...6. Insulation. Ceramic material, probably isolantite, has been 

used in the tube sockets, P.A. am Antenna coil !orms; those sections of 
the station Selector $Witch contr-olling the P.A. aid anterma. d.rcu.its, 

-the antmna post insulator, and the P.A. plate choke core. · Phenolic 
insulation has been employed in terminal strips, resistor mounting panel, 
and those sections-of the Station Selector· $Witch controlling the crystal 
oscillator. A yellow molded materiai of undetexmined tn>e is used for · 
the fcrms of the antenna coupling coU and oscillator coil. The •main 
terminal strip of the transnitter unit is of molded material, while 
those of the power and remote control units are phenolic. Crystal holders 
are isolantite; fixed oondensers, in general, are phenolic. As can.be 
observed in the above list, phenolic insulation has been employed in 
some applicati~ns where its use is prohibited in standard Naval equipment. 
These are its use in the r-f crystal switching circuit and for the tuning 
condenser terminal. strip, and its use. in those parts of t he circuit 'Vilere 
the wltage exceeds 500 volts, such as terminal strips and the resistor 
mounttng panel. 

2-?. Weights and Dimmaions. The weights and dimensions of the 
variou~ units are given in Table TR---1. 

2-8~ General Physical Construction. 

(a} Both transmitter and receiver are assembled on a common 
chassis of plated steel. A steel cabinet equipped with a removable 
bottom atrl an access door in the top encl.oses the entire unit. The 
front panel ani interior shield are aluminuin. All exterior surfaces 

. of the cabinet, including the front panel, are finished in· grq wrinkle. 
Interior surfaces of the cabinet, exoept for the front and bottom panels , 
are similarly finished. Both front and bottom panels· are given a glossy, 
gray coating on the inner surface. The handset hangs (securely held) on 
hook at left side of cabinet. · 

(b) Screws, whioh may- be removed in service are as follows: 

Bottom shield: Four nickel-Plated b:i-ass screws. 
(Bottom shield must be taken off before cabinet is 
ranoved, since several of the screws are equipped 
with nuts.) 

Components: Nickel-Plated brass screws and nuts 
are used in most cases. By-pass condensers have 
plated steel studs and nuts. 

( e) Steel has been employed in many instances where it has been 
the practice in Navy apparatus to use other materials. However, wherever 
steel has 'been used, a protective coating has been applied to prevent 
corrosion. The hinges for both the access door on the transmitter unit 
and those on the po,rer unit are of steel. Much of the paint originally 
applied: to these hinges has been scraped away by the normal hinge action, 
and sane rusting has resulted. It is recommetrled that rustproof hinges 
be provided. Metal portion of Lord mounts are of plated steel, and 
formation of rust on these parts has been observed. Additionally., it 
has been fow'Xl 1hat this type of mount shQuld have · unplated parts of 
non-corrosive metal if long life is to be attained, Therefore, it is 
l"ecommended that monel metal be sµbsti tuted for steel in this appUcation., 

.. ii ... 
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(d) . The access door of the unit is held in the closed position 
· ' ·by" means of tw, knurled., nickel-plated .brass th:wnbscrews. In order to 

open ihe door, it is necessary to ·renove these screws entirely. It has 
been found that such screws are almost certain to become lost, and it 
is suggested that non-detachable thumbscrews secured to the cover he 
employed. Thumbscrews mounted i n this manner Will aJ,.so act as •knobs by 
means of which the door J118i1 be raised. The Olllission of means for raising 
the cover after the screws are r emoved is a minor bv.t annoying fault in 
the pr-esent design. Non-detachable thumbscrews should also be incorporat ed 
in the power unit~ 

. (e ) No venti la.tion has been provided in either the transnitter 
or power units, but -there was no eVidence during the test period that 

' overheating r esulted because of this. The rotary convert er for the re­
cei ver and the dynamotor tbr the transm:t.tter are mounted externally on 
top of the power unit and are provided with six screened ventilation 
holes in each eDi bell. · · 

(f) No attempt has been made in the construction or any unit or 
the equi pment to render it dripproof. 

(g) The dynamotor is proVided Wi:t,h grease-packed ball bearings. 
End bells and r etainer screws must be r emoved before grease can be added. 
DirectiQns as to type of lti:lricant, frequency ot lubricat ion, and dis­
assenbly necessary should be incluied in the instruction book. 

2-9. ·Component Parts 

( a) Meters are provided on the front panel to read plate current 
and antenna curr ent.- Both meters are manuf~tured by Simpson Electric 
Company. The plate milli .ammeter is a 1lodal. 125, 200-milliampere i nstru. 
ment With zero adjustment screw and grq plastic case. The antenna ammet er 
is a Model 135, 2-ampere, r-r, self..aontained instrument with zero adjust­
ment screw ~d gr~ plastic case. Chief differ encesbetween these met ers 
and the Navy specifications are_ mown below, · and it will .be noted that 
replacement with Navy meters is not possible. 

Na!l limits (17-I.,.12} 
Instruments em:eloyed !!!!!. min. -

Diameter of flange 2~3/4 2-9/16 2-:-1/2 
Diameter 9f body 2-3/16 2-1/16 .., 
Depth of case l-3/8 l-'J/4 .. 
Radius of mounting 

1-7/32 screw ci rcle l-5/32 l-5/32 
Mounting s~rews 4-40 4-40 

Provisi.on has been made for t he connection of additional meters which 
are necessary for the proper adjustment of the transmitter. However, 
these meters are not supplied with the equipnent, 

(b) Switches employed in the transmitter are as f ollow-s: 
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2 DPDT nictel-plated toggle n1 tcbes {Jiandset-Loudspeaker 
and Remote-Local switches). . · 

l SPST switch incorporated in the volume control (o:ff--on). 
l Pum-button sWitch in the handset. 
l 8-section, 6-POsition station Selector Switch. 

In addition,· one DPDT niokel....plated toggle switch i s used in the remote· 
control unit1 AU switches except t~e Station Selector s,,itch are rated 
at 3 amperes at 125 volts. · 

( c ) Various types of resistors are used in 1he equipment, none 
of them being equipped with ferrule mountings •. Composltion resistors or 
1/2, 1., and 2-watt sizes are inclu:led., all larger resistors being of the 
wire-1'10und., coated variety. Elecept for the composition resistors, leads 
are not depended upon for mechanical support. 

(d) All fuses are mounted 6n the bakelite connection panel of the 
power unit. Fuses employed are listed below: 

Purpose Ra.tiy (UO.volt d.,.c eguipnent} 

Main line 30 ampere 250 volt 

Receiver Conver.ter 1/2 anpere 1 1000 volt 
Input 

Receiver-Oonverter l ampere 250 ~1.t 
Output 

standard renewable 
link, cartridge type, 

Littelfuse 3" 
·overall, 3/8" 

diameter ferrules. 

Litteltu~ 1-3/16" 
overall, l/4" diam. 
ferrules. 

Fuse positions are marked with a number indicating the amperage, but not 
the voltage rating, of the fuse required. 

(e) Capacitors used in the trmmitter section of the equipment 
include small., molded, bakelite-encased mica condensers (Sangamo and 
Faradon), pyranol-f'illed filter condensers (General Electric), an4 one 
25 mfd, 50--volt el~ctrolytic condenser oi' tl.le cardboard cartridge type 
(Cornell Dubilier). All comensere are so located as to make their .re­
placement possible without serious disassembly. 

(f) The antenna terminal is located on 1he rear of the tr8?l43mitter 
chassis and protrudes tm-ough a hole cut. -in the transnitter cabinet. The 
terminal stud is 10-24. 

2-10. Mounting and Shockproofing. 

(a) Transmitter-Receiver Unit, This unit is equipped ll'ith tlt'O 
flat hortzontal mounting bars fastened to the cabinet base by neans of 
four 1135 Lord mounts. A 3/8-inch diameter hole in each end or the 
mounting bars permits the equipnent to be secured to a mitable support , 
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The shock mounting provided adequate protection during the vibration 
test. The Lord mounts mru be replaced after unbolting the equipment 
from i t s support and removing the bottom panel of the transmitter cabinet, 

{b) Power Unit, The power unit is provided _with mount~ bars in 
a manner similar t o 1hat employed in the transnitter unit. However, no 
mock mounts are incorporated. The mounting bars may be arranged fo:r 
either. deck or bulkhead mounting, suitable holes being provided for se­
curing· the bars on either the bottom or back of the ·parer unit cabinet. 
The rotary converter and dynamotor are flexibly mounted with rubber 
washers to the top of the pc,,rer unit case. 

(c) Remote Control Unit. Four 1/4-inch holes allow the remot e 
control unit to be mounted on a · vertical support. No mounting bars or 
shock mounts are used. 

2~11. Handset . A Western Electri c Type F3 handset and hook switch 
is proyided with both transnitter am renote control units. A rubber 
buffered spring device of satisfactory construction keeps the handset 
in place and prevents its loss when the equipment is subjected to vibra­
tion. It was noted during vibration tests at the Laboratory 1hat the. 
hook switch SJl'ing is of insufficient strength , severe vibration of the 
cradle occurring at some frequencies (handset off ho9k). Although 'this 
vibration did not cause the switch contacts to operate, it is believed 
that under rome conditions 'this might result; This switch is in 'the 
microphone cii"C\lit, mi its intermittent opening would make transmitted 
speech tmintelligible. It is therefo~e recommended that a stronger 
swit~h spring be employed. The but ton s1d tch ot the handeet cannot be 
removed withoul; ~ecial toolsr srxl. since this swit.ch is in more constant 
use than any other in the equipnent, it is believed that such construction 
is undesirable. · 

2-12. · Method of Connection. All three units of the equipment are 
provided with.terminal strips or panels for the connect i on of supply and 
cont.fol leads. The transnitter is equipped with solder less clamp con­
nection strips mmufac-tur ed by Burke Electric Company• This strip ex-
tends out from the rear of. the cabinet, am ~o provision for clamping 
the cable or grounding 'the cable shield is made, thus placing stress 
on the connections themselves. Both the power unit and r emote control 
unit have cable cl.anps ,mere the cable 8:lters the cabinet llhich serve 
to relieve connections from all stress and ground the cable· shield at 
the same ti.me, Terminals in these units are provided with lock washers, 
but solder lugs are not supplied. It is suggested that suitable lugs 
be provided to l'l'hich wires may be clamped tr1.d soldered. Cable for the 
interconnectiop of the units is supplied with the equipment. Ten-conductor f 
rubber covered, shielded cable is used between transm.itter and power uni t ; 
am to the remote control. Approximately nine feet of cable for each : 
purpose was provided. The two-cond\lC tor rubber covered cable from power 
unit to supply was 20-feet long in t he ~10-volt equipnent and nine feet 
long in the 32-volt equipment. Shielded wire was used in the 32-volt 
equipment and unshielded in the 110. The handset of the transmitter unit i · 
is connected by means of a flexible four-conductor wire to a small 
terminal strip beneath the chassis, Replacement involves removing the 
entire unit from its base and talcing off tile bottom ~ i eld, A cable 
clamp prevents terminals from being stressed, · 
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2-13. PQWer Unit. The p<n'fer unit, which has been des crll;ea ""to 

some extent in paragraph 2-8, includes the receiver converter and 
transmitter dynamotor, which are mounted on top of the unit, a starti ng 
relay f or each, and radio frequency filters for both i nput and output . 
Fuses for both machines and the line ire mounted on the terminal panel. 
One side of the cabinet is hinged t.o provide access to 1:he enclosed 
components. 'Ibis door is held iit the closed position by- two round head 
screws and With t he door closed, all exposed parts of the power unit 
are at ground potential. No interlock protection is employed, 

OPERATIONAL DATA AND TESTS 

2-14. Power Output and Operation into Actual Antenna. Table T ... l, 
appended 'lo this report, mows the power output of the llO.-volt, d-c 
Model El' 8021 transmitter. The outputs were obtained wi. th the equipment 
tuned up on each of the six channels simultaneously', so that operation 
on any one could be selected by manipulation of the Station Se).ector· 
Switch only. '!be dU!lllll,Y antenna const$1ts are given in the same table , • 
while t he method of measurement has bem described in paragraph 1-9. 
The pCMer outputs listed in Table T-1 are the values obtained without 
modulation; i . e., carri er only. Outputs varied from 26.8 to 32.9 watts, 
depending on frequency, as compared to the manufacturer's rating of 
30 watts. I t is pointed out that during t.he power output tests conducted 
at the Laboratory, the meaS\red plate voltage was found to be approxi­
mately ?00 volt s, instead of 1he 630 volts at whi<h the dynamotor ·1s 
rated, possibly due t.o the high line voltage existing at 1he tim.e, The 
Type 1624 vacU\llll tube is r at ed at 600 volts maximum plate voltage for 
modulator· application and 500 ~olts as a plate--modulated r-f power 
amplifier. Since, um.er 1he conditions stated, this rating is consid­
erably ~ceeded, satisfactory operation over exten:ied periods cannot be 
expected. Operation on an actual antenna, described in paragraph 1-12, 
was al so accomplished. Adjustment and performance were found to be 
satisf actory-, arxl emitted s. gnals of good quality and adequate signal 
strength were obtained. 

2-15. ~ariation of Ambient Temperature. Table T-2 tabulates in­
formation obtained during the course of this test. The temperature was 
hel d at 50° C (lo,f humidity) for a period of approximately two hours 
llhile readings were taken at about 15-minute intervals. During this 
period the receiver was operated c ontinuously, whereas the transmitt er 
was on only long enough to· enable r eadings to be made. At the end of 
the tw:>- hour period, the entire equipment was shut down and allowed to 
stand i dle. The ambient temper ature was meanwhile reduced to -15° C 
and was held between - 15 and -l? . 5° C for the r emaimer of the test. 
After an idle period of about 1- 3/ 4 hours at this 10'.W temperature, the 
equi pment was re- started without difficulty and readings made. The 
receiver was then turned on continuously and the test proceeded as 
described for 1he first period. An examination of tile data reveals 
no serious change in output or othet- values as a · result of ttle temper a­

. ture change. The equipment oould be started and all controls operated 
without difficulty at the lowest amb~ent t enperatur e att ained. 

2-16. Variation of Humidity. Two humidity tests were conducted 
on the 110...volt, d-c RB:diomarine equipment . The data: obtained in the 
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first test are shown in Table T-3. The receiver was operated con"!-
tinuously during the entire test, while the transmitter was on only 
long enough to obtain readings. This hlll!lidity test followed the usual 
pattern of such tests to which standard Navy apparatus is subjected,. 
The humidity was held at a low val~e 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 or aey kind were encountered 
during this test, t,he equipnent performing satisfactorily at ali times. 
In the second of the humidity tests, conducted to determine the ability 
of the equipment to operate attar being idle, the ·humidity was raised to 
97% at a tenperature of 40° c and maintained in this con:iition for 
2 hours, 43 minutes. The entire equipment was idl.e during this peri od. 
At the end of this time the equipment was started and its performance 
checked against that observed under the low humidity conditions existing 
previous t o the test. It was found that no serious change had occurred 
due t o the high humidity, and operation ~as satisfactory in ever:, respect. 

2-1?. Vibration Test . The transmitter- receiver am. power units of 
the 110- volt, d-c Radiomarine equipment were subjected to a standard 
vibration test, 'lhe transmitter-receiver unit was secured to t he vibra­
tion table by means of the shook mounting straps provided on the base 
of the cabinet. The data obtained during this test are listed in· 
Table T-,4, The emitted signal was monitored at frequent intervals 
throughout the test ld.th the 32-volt equipment receiver and was found 
to be s atisfactory and of good qu~ity at all times. No difficulties 
were encountered or damage observed during the test period due to the 
effects of vibration arrl the shock mounting appears to protect the _equip,­
ment adequately:. The troubl e noted in Table T-4 relati ve-to the opening 
of -the high voltage fuse was not due t o effects of vibration, and is more 
fully discussed in paragraph ~18 below. During the vibration test , the 
transnitter was in operation conti nuously, except for those periods i n 
'Which the high voltage fuse was being replaced. The vibration t est 
lasted for appr oximately one hour. While no damage or faulty operat ion 
was noted during the test, this does not constitute d ef inite assurance 
t hat fail ure of parts will not occur ;tf the equipment i s sibjected to 
lengthy periods of vibration in act ual service. Therefore, the improve­
ments i n wiring mentioned i n paragraph 2-5 above should be given ser ious 
consideration, 

2-18. Locked Key. Tabl e T-5 shows the results obtained when an 
atteapt was made to operate under locked key, full power output condition 
for_ one hour. It will be noted that frequent interruptions were encounter­
ed due to the ope~ of the high w ltage fuse in the power unit. Subse­
quently, operation at ordinary r oom tmperat-ure (about 21 • C) revealed 
that this trouble was not cri tically d ependent on ~e ambient temperature, 
since 1:he sane difficulty was foUixi . I n each instance, it was noted that 
the c,rr ent imicated by the plate milliamrneter increased slowly from its 
normal value t o about 108 milliamperes and then increased very suddency 
to a poi nt where the 1/2 ampere fuse opened. A Radiomarine representative 
stated that the sane trouble has b een encountered recently by t hem and 
has been foun:i due to excessive drive of the PA, coupled with the f act 
that the screen of this tube is working near its maximum. rating. Several 
remedies were suggested, but lack of ti~ prevented a t rial of their 
efficacy. It is recommended that this objectionable feature be thor oughly 
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investigated arxl i ts elimination accomplish:!d before acceptance or the 
equipm:int for Naval use. It shol.3.ld be pointed 0¢ .that th! dy'namotor 
is rated on its nameplate for. intermittent duty. Ho,rever, overheating 
did not oco~ during the locked key test described abo~e. 

2-19. Control. A remote control unit was furnished with the 
Er-8021 transmitter . This remote control is equipped with loudspeaker 
am harnset, either of which mq be selected by a suitable toggle switch 
located on the renote control panel. The handset is provided with a 
cradle hook and push-button switch having the same functions as those 
in the transmit ter unit it self. No station selector swit ch is provided 
in the ran.ote control an::l 1he receiver cannot be turned on and off from 
the ranote posi ti.on. The remote control is effective only when the 
control transfer switch mounted on the transmitter panel is in the 
"remote" position. Local oontrol of the transmitter can be attained 
irrespective of the position of controls in the remote unit by merely 
changing the control transfer switch to the "local" position. 

2-.20. Modulation. Quantitative tests of the modulation capabilities 
of this transnit ter were not conducteq.. However, listening tests on -the 
companion equiµnent subnitted revealed that transmitted speech was at 
all times clear and intelligible. 

2-21. Break-in. Break-in operation is accomplished by means of :a 
send-receive relq mounted in 1he upper section of the transnitter unit 
just inside the access door. The relay is actuated by the push-buttori 
on the handset and receives its coil energy from a voltage divider in 
the. receiver power supply through a 51 000-ohm series resistor current . 
limiter. The setxi-rece:tve rel.iv is a DPDT dev;ice, one arm-of ltlich · 
transfers the antenna llhile the other serves to open the plate return 
circuits o·r the trsnsnitter tubes men in the receive pos!.tion. 

2-22. Power Input. The power input.sumer the various comitions 
of supply and operation are given on page 6 of the instruction book end 
repeated belOff. 

12-volt, d-c Supply: 
Receiver· ( stand-by co¢1tion} 10 an.pares; 1:cp watts. 
RecEd.ver and Transmitter, J2 amperes, 384 watts. 

32-volt, d-c Supply: 
Receiver (stand-by corrlition) 4 amperes, 128 watts. 
Receiver and Transnitter, 12 amperes , 384 watts. 

110--volt, d-c Supply: 
Receiver ( stand-by corxlition) 1.2 atnperes, 1.32 watts. 
Receiver an:i Transnitter, J.6 amperes, 396 watts. 

2-23. Instruction Book. The instr11ction cook which was supplied 
with the Radiomarine equipment has been -written from an operating r ather 
than a servicing viewpoint, and hence much information esaential for the 
proper maintenance of the apparatus has been omitted. The schematic 
diagram is quite W11ike those to llhich Naval operators ~e accustomed. 
In addition, symbol numbers are not used and some dil,'ficulty is certain 
to be encounte-red in tracing circuits. No parts list is supplied, and 
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ma?\V components are incompletely marked with tq.ei.r rati ngs on the 
schematic diagram, It is s,,iggested that the instruction book be re­
written with the e,pamed p"Qrpose of providing, not only operati,:ig, 
but also complete semcing inf<rmation as well arrl that the schematic 

. diagran be redrawn to conform with 1:he stmpler Navy type~ 

2-24. Spare Parts. No Epare pat-ts accompanied the Radiomarine 
equipment. Since numerous component parts ar;-e of such design and manu­
:tacture -that they are not likely to be available within the Naval organi­
zation, it is deemed advisable 1:ha t some definite provision be made to 

· permit repairs by operating personnel. It may be pointed out that ina.ey 
or the parts used would fail to comply with 'Navy standards and hence 
disruptions and f ailures un:ler the rigors of Naval service will un­
doubtedly occur. It i s suggested that t he manufacturer be consulted to 
determine which parts are most subject to failure, based on service 
records af the Yodel ET-8021 equipments, or equipments of similar con­
struction. 

2- 25. S:ummarz of Defects and Sµggested Changes. Such items as 
appear definitely defective together with suggestions for improvement 
and ·modification are listed below. At the enl of each of the statements 
there appears the paragraph number in the body of the r eport wherein 
each matter is discussed in detail. 

(1) Set screws instead of taper pins are used to s ecure bevel 
gear in selector switch mechanisn. (2-2(a)) 

{2) Additional 50-millismpere meter required for tuning; addi-
tional lOO~lliampere meter required for adj ustment of modulator. The 
following additional meters ~e recomm.ended: 

0 - 2 amperes r-f meter C spare) 
0 - 200 milliamperes d-c meter (spare) 
Yulti-rmge voltmeter; 10 to ?50 volts. 

Note: If test set with multi-range volt-milliammeter were provided, 
three of the above meters co.uld be eliminated and servicing 
operations 110uld be greatly facilitated._ (2-3(a)) 

(3) No interlock protection is provided. (2-4) 

(4) Wires inadequately securedf solder is depended on for 
mechanical strength; contact between high voltage leads is possible; 
poor soldering practice has been anployed in some instances, (2-5) 

( 5) Phenolic insulation used i n applications where normally 
prohibited by Naval specifications. (2-6) 

{6) Steel has been used in applications where t rouble may. 
develop due to corrosion, (2-8(c)) 

(7) 
(2-8(d)) 

(8) 

Detachable thumb screws are employed on access doors. 

DriP-proof construction has not been provided . (2...S(f)) 



(9) 
(2~(a)) 

·• .. . . ~ ; I',• • • ... -
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Navy standard meters ca,mot be used as replacements. 

(10) Handset cradle· switch spring lacks sufficient tension; 
special tools required to remove press-to-talk switch in handset. 
{2-11) . 

(11) No cable clamping and groun:ling device provided on 
transmitter-receiver unit; soldering lugs not supplied on power and. 
remote units. (2-12) 

(12) Type 1624 vacuum tubes operated in excess of rating. (2-14) 

(13) Maladjustment of PA circuit causes over:.oads in lock key 
operation (2-18) 

(14) 
practice. 

· (15) 
(.2...24) 

Instruction book incomplete as compared with usual Navy 
(2~3) 

No spares are provided with 1he Model ET----8021 equipmEnt•. 

-19-
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SE:TION III 

RFI}EIVI!R SIDTION OF EQUIPMENT 

DECLASSIFIED 

3-1. Electrical Inspection. The ~quipment was gi ven an electrical. 
inspection and the following i nformation obtained., in l arge part from the 
schematic di agram and the i nstruction book: 

(a) 
(b) 

(c) 
(d) 
(e) 

(f) 
(g) 
(h) 

(i) 

(j) 
(k) 

(1) 
(m) 
(n) 
(o) 
(p} 

(q) 

(r) 

( ~) 
(t) 

(u} 

(v) 

(w) 

(x) 
(y)' 

(z) 

Type of circuit: SUperh~terodyne. 
Frequency r ange: 2,000 to 3, 000 kilocycles {not continuously 

variable). · 
Number of bands: Six fixed crystal frequencies on switch. 
Crystals: Crystal oscillator control at each frequmcy. 
Crystal mounting: Each crystal in indi·.i.dual holder wit h 

General Radio plug mount.ing. Crystal must be pr operly 
oriented in socket. 

Total tmmber of tubes; · Eight . 
Tube t ypes used: 6K6G, 6SK7, 6KB, 6SQ7_, .6H6, 5W4. 
PO\'fer supply required: UO v., d . c . : ~32 watts (Also available 

for 32 v., d . c • ., (128 watts) 
and 12 v., d. co, (120 watts) . ) 

Type of B supply and maximum B volt age at receiver: 
Dynamotor. Voltages not given i n instruetion book. 

Antenna required: Not given in instruction book. 
Antenna input circuitz Single tuned circui t directly 

connected to transmitter antenna loading coil t hrough 
455 lilocycle wave-trap. 

Radio frequency anplifier: None 
Radio frequency tuning: Fll:ed condense:rs on band swit ch •. 
Converter: 6K8 (pentode section) · 
Oscillator: 6K8 (triode section ) , crystal controll ed. 
Intermediate frequency anpli.fier: Frequency 455 kilocycles. 

J transforrrers, (6 t-uned circuits) also 1 transformer 
in AVC amplifier circuit, 

Second detector: Conventional diode. Both plates of 
6SQ? diode s·ection. 

AVC ey-stem: Separate i-f amplifier s tage for AVC. One 
section of 6H6 for AVC diode converter and both 1-f 
stages on control. 

CW oscillator: None. 
Noise suppressor: Automatic "noise gate" type; one 

section of 6H6, 
Audio frequency amplifier: Triode section of 6007 

(first stage) resistance coupled to 6K6G pentode 
out put stage. 

Audio output circuit: Transformer feeding l oudspeaker 
and harrlset. 

Gain control: R-F gain; cathode bias cont r ol of converter 
and fir st i--i' amplifier. 

Safet y devices: No interlock switches. . 
Changeover means: Handset push button act uates power 

and antenna transfer relays , 
Remot e control: Remote handset and riq;er s tations 

obtainable. 

-20-
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( aa) Receiver sensitivity (from instruction book): Not given. 
(bb) Yiscellaneous: $peaker switch turns handse:t phone off 

in speaker position, 

3-2. Meohanical Inspection. The equipment was given a mechanical 
inspection arxi the following information obtained, 

(a) . Number of units comprising equipment: Two, not i ncluding 
remote or linger units. 

(b) Size: Shown in Table TR-1. 
( c) Weight: shown in Table 'IR-1. 
(d) General Type of Construction: Single chassis for receiver 

and tran~tter, with external power supply unit. Both units enclosed 
in metal cabinets with no ventilating holes, All operating controls on 
front panel, with handset hangmg (securely held) on hook at left side 
of cabinet. Loudspeaker mounted behind grillwork on front panel. 
(Paragraph 2...8 applie~. ) In addition, loudspeaker is mounted behind 
grillwork on front panel. 

( e) Number of .front panel controls ani function; Four; Frequency 
switch (6 points), Volume control-power switch, handset-speaker mtcb, 
local....renote S'ld tch, (Paragraph 2-2 applies.) 

(£) Other controls: Lifting handset off hook connects handset 
circuit to transmitter ard places power on transmitter in 11 stand-by11 

condition. Handset push bu~ton·,switches from receiver to transmitter 
operation. · 

(g) General layout and accessibility of controls: Very 
accessiblel symmetrical and neat, 

(ti) Ease of oontrol and operation: Ul a:>ntrols wcrk easily; 
The use of a single switch for frequency shifting is very convenient. 

(i) Accessibility for servicing: Fairly good. 
(j) Accessibility for repair: GeneraP,Y good, but iube sockets 

in two cases require much disassembly, due to mounting of other components 
on the socket terminals. Wiring arxi components located beneath the sub­
panel can be reached only by unbolting the set from i ts foundation, after 
l'lhich the bottom cover can be removed by taking out 14 screws. 

(k) Power indicator: Pilot lights pn front panel indi cate men 
both transmitter and receiver power supplies are on. Position of 
indicator dot on receiver volume oontrol would also show if all pawf:!I' 
were II off" or II on. 11 · 

(l) Uaterials md finishes used: The chassis and cabin~t are 
cadmium plated steel. The panel is aluminum, Panel and cabinet have 
grs,y crackle finish. The same applies to the power supply and remote 
units, The bam ~Titch shaft and detent plate, by-pa,ss condenser cans., 
tube socket mounting flanges, and compression trim!ner condenser 0Ollllllon 
plates, are all cadmium plated steel. The output transform.er ca·se is 
lacquered aluminum. Corrosion resistance protection is fair. 

(m) Moisture resistance: Trimmer condensers and terminal strips 
seem poorly protected. Coils and terminal strips appear to need wax 
impregnation and coating. Leakage paths are short (i/1611 ) from high 
side of crystal socket to ground, through material that ma:y be hygro­
scopic. 

(n) General protection against high temperatures : Appears good. 
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( o) Ability to withstand vibration and shock: Too many l<>ng 

un'sllpported solid wire leads, Cabled leads run mare t ~an half' way 
around edge of chassis, about. ):) inches without anchorage. Lord 
sho~k mounts on base appear to be good mounting. 

(p) Genera). ruggedness: Good. 
(q) Tube mounting, sockets, et c.: Tubes vert ically mounted in 

ceramic sockets, Sockets removable but have many components a t tached 
to tbem• making replacement difficult. · 

(r) Tube shields: None used. Metal -tubes used -where shielding 
is needed, 

( s) • Transformers, chokes, etc,: Transformers am chokes appear 
to be well cased (potting unknown ) , Terminals are sat isfactory. All 
units are .readily replaceable. 

(t) Crystal.mounting: Each crystal in individual holder, with 
11banana11 type plugs • . I nsu.lation to chassis (Jlestionable in presence 
of condensation• Crystals switched by front panel contr ol. . 

(u) R-.F transformer struct lre : Wound on 1..-inch bakelite t ube. 
Varnished but not waxed or shielded. Wound with about #20 to #'JO wire. 
Wide terminal · spacing md rugged construction. . 

(v) :r-F transformer struct~es: Appear to be _Sickles units. 
Air dielectric (cermnie insulated) trimmers, wax dipped coils on 
paper forms. Good broadcast receiver type, 

(w) ·variable condenser~: None evident, except compression type 
trimmers. These might be r erxlered inoperative by condensation. They 
are mica dielectric, screw comp.-esslon w pe, The gr-ounded side is a 
cadmium plated steel channel, common to all units. Pl ating growth might 
affect the adjustment. 

(x) Fixed condensers: All molded mica, except for one paper 
tubular electrolytic;· one metal encased. el ectrolytic unit, md three 
.1 mfd metal encased units~ All mol ded condensers are mounted 1dth 
screws directly to chassis. 

(y) Switch construction: Frequ.ency switch - Bakelite wafer, 
silver plated "spoon" type contacts. Toggle switches .. Bakelite 
laminated housing -for "l ocal-remote" and 11handset-speakef•" 

(z) Resistors: Mostly 1/2 watt , mounted with pigtails. Not 
objectionabl e, except from servicing standpoint · where ·several lea<is 
come to the same_ terminal, Haphazard mounting appeararo e; · . 

(~a) Terminal _strips :· Creepage path about ~l inch, Five )­
terminal strips and several 1-terminal strips used,· Terminal strip 
on o soillator trimmer - two 6-term.inal strips with . 065- inch creepage 
path, The creepage paths all appear to be too short. 

· (bb) Mounting of components: screws, nuts, and lockwashers 
used. Many heavy units mounted on _ehassia , 075" thick, with screws 
threaded into chassis and no securing nuts, This, however, is probably 
safe. Many resistors am condenser s are mounted on pigtails of con... 
sider able length, but mounti ng is generally stur<zy". 

(cc ) 'Wiring: Fairly neat.; s everal long leads of solid wire 
-which can move under conditions of vibr ation. Cabled leads are not 
well anchored, but insul ation of cabled leads appears to be good. 
Solid wire is insulated with impregnated celanese, mich affords 
some stiffening and also insulation; probably satisfactory as used, 
If leads· wer e better anchored in several places, they would probably 
be more r eliable. · Soldering 'WOrlonanship fair. Stranded wire, having 
two fabric wraps, the outer varnished, is used for power leads. 

DECLASSIFIED 
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(dd) Miscellaneous: Antenna connection is made t o 'feea.!t~ ough 

insulator at back of cabinet. 

J.-'.3. Exainination of Instruction Book. The comments in paragraph 
2-23 apply to. the receiver ·as well as the t,ranfl!litter portion of the 
equipment. 

~ . Spare Parts. The comments in paragraph 2-24 apply. 

3-5. List ening Tests. The equipment was_ set up in the Transmitter 
Building an:!. connected to an outside entenna. A standard signal gener ator 
was set up in the Laboratory Annex building about 1,000 feet away, and 
its output connected to an outside antenna for the purpose of radiating 
a readily controllable field at 1h e frequency of test. Tests were made 
with and without 30% modulation at various carrier levels, and wice 
modulation was also made available by means of a suitable microphone and 
audio amplifier modulating the signal generator. 

The presence of a strong variable noise field in the t r ~s,.. 
mitter building location made it dif f icult to get consistent results at 
the lower levels of signal generator input . The results tabulated in 
Tabl e R-1 were obtained in this t est. · 

The listening test was repeated on the following d~ i n an 
attempt to obtain more favorable l ocal noise conditions. The results are 
shown in Table R-2. 

As shown in Table R-2, the · results obtained in the second 
test were similar to those of the fi r st, the differences being what mi~t 
be expected with some difference in local noise ievel. The automatic 
"noise gate" was probab'.cy of hel p in obtai~ng readability on weak sig­
nals in a s trong noise field., but the receiver did not perform quit e as 
well as another make using an r .... f amplifier ahead of the converter and. · 
no noise limiter. 

J-6, Laboratory Meamrements . The receiver section of the equip... 
ment was measured in a shielded room., a s outlined in paragraph 1-15, with 
the following results: 

· (a) Sensitivity, Noise Output, Image Ratio., and I-F Response. 
These are shown in Table R-3. · 

(b) Selectivity. The selecti vity characteristics of the 
receiver are mmm on Plate R- 1. Table R-4 aumnar:izes this character .. 
istic. · 

( c) Resonant Overload std Carrier Noise. Resonant overload 
char acteristics are shom on graph form on Plate R-2 and in tabular 
form in Table R-5. 

(d) Effect of Modulation Jjepth on output~ Plate R-3 s hows the 
effect of varying the signal modulation depth on the ·audio output from 
the receiver. The curve departs from linearity at about 70% modulation. 

(e) Gain Control Range_. The maximum attenuation of the sensitiyity, 
or gain, control of the receiver is somewhat m<re than 80 decibels • 

. -.. 
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(f) Radiation of Oscillator Frequency. The voltages appeari ng 

at the antenna terminals due to the local crystal oscillator of the re­
ceiver were measured in terms of the mic·rovolt,s input f rom a standard 
signal generator required to give the same output from a receiver t uned 
to the oscillator f r equency. Both the receiver under test and the 
standard signal generator were connected in turn to the input terminal s 
of the measuring receiver. The i'Efsulting data are shown in Tabl e 'R--6. 

3,-?. Temperature and Humidity Tests, The equipment was set up in 
the large temperat ure-humidity chamber a.nd was tested under the conditions 
described in paragraphs 2-15 and 2-16. The circuit arrangement is shown 
schematically in Plate TR-5. 

(a) Effect of Humidity on Gain and Noise Level of Receiver. The 
receiver noise out put level was set to , 4 milliwatt by means of the gain 
control irior to the beginning of the test, with no carrier input. The 
local noise , however, had greatly decreased by the time the test was 
actually started, and t his lower noise 1evel varied considerably through­
qut the test. 

The change in receiver gain with variation of humidity was 
measured in terms of the carrier input voltage requir ed to maintain an 
arbitrary standard output of 10 milliwatts (signal plus noise) ., with 
the standard signal generator modulated 3)% at 400 c-p-,,s . Noise out puts 
with modulation -0ff and with carrier of f , were also measured• Readings 
were taken at approximately 15-mimite intervals. 

The results of the test are shown on Plate R-4 and t abulated 
in Table R-?. -

(b) Effect of Temperature ·on Gain, Noise Level, and Control 
Operation. The change i n receiver gain with variation of tenperature 
was measured in a way similar to that in :the previous test, except t hat 
90% modulation was used. Due to better local noise conditions (lower 
electrical interference noise) during this test, the r eceiver gain.was 
raised to maximum, and the input for a constant output of 50 milliwatts 
was measured. Noise outputs were also checked, as well as signal 
generator dial settings. 

The receiver was operated continuously for 2 hours at +50° C 
and then shut off. Power was lef t off while the temperature was brought 
down to - 17° c, except for a brief reading ~t +l ° C. The receiver was 
started up again after 1 hour at -17 ° _ c. Readings of i nput arrl. output 
were taken at+50° c, +1° c, and ... 17° C, . 

The controls were checked at - 17° C for operation and were 
found to be somewhat stiff, the band swi.t ch bei ng part i cularly so, but 
operation was still possible. Ther e was no audible noise w.l th c_arrier 
off. 

Table R-8 shows the results of t hese tests, At+50° C after 
about two hour-s of operation, the load impedance for maximum receiver 
output had dropped from 12.5 ohms to 6 ohms. This value returned to 
normal when the receiver was operated at or below average room tempera­
tures. 

DECLASSIFIED 
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{c} Effect of Humidity on Cold start Gain and Noise CharaoteristicQ. 
The 90% modulated input for 50 milliwatts output, with gain control a t 

-maximum, was measured at 40° C and 23% humidity. Noise was also measured, . 
and t he signal generator dial reading obtained, The receiver was then 
turned off, and the humidi ty increased to 97% at the same teniperature, as 
described in the latter part of paragraph 2 ... 16. The receiver was turned 
on after 2 hours and 43 minutes, and· the input for 50 milliwat ts output, 
and noise, were immediately measured. The same measurements were then 
made at suitable 31ort int ervals to mow the variations occurring after 
starti ng up. 

These results are shown on Plate R-5 and the values shown in 
Plat e R-9 are derived from those on these graphs. 

3-8. E!fects of Vibration. The equipment was subjected t o a vibra­
tion test as described in paragraph 2-17. The receiver gain was measured 
whenever possible,. between the intervals of vibration and transmitt er 
operation. Very little usable data were obt ained, however,. due to t he 
extremely high variable noise level in the Transmitter Building where the 
tests wer e conducted. The recei ver appeared to functiQn well during the 
test, with good reception of voice modulated signals b eing obt ained during 
vibration. . · 

· J.-.9. Summary of Defects . The following defects were found as a 
resul t of the examinations and test s listed in paragraphs 3-1 to 3-8. 

{a) The crystals can be plugged into their sockets in two possible 
ways, only one of which is recommended. (Par, 3-l{i), 3-2{t). ) 

(b) The leakage paths in the crystal sockets mould be longer, 
and the sockets should employ higher qualit,y insulating 
material than that provided, in order to withstand pro­
lo~ged high humidity, (Par, J_ ... 2(m) and (t) . ) 

{ c) No radio frequency amplifier is used. This probably 
accounts for the relatively poor showing of this receiv er 
on sensitivity and image ratio measurements as compared 
to those of other manufacture tested at the same time. 
(Par. 3-1(1 ), 3-6{a).) 

(d) No interlocks are provided to protect operating personnel 
from high voltages. (Par , 3-l(x) . ) . 

( e) Replacement of tube sockets would be facilitated if the 
socket terminals were not used to support other compo-
·nents. (Par. J - 2(j).) · 

(f) Use of steel for the chassis and cabinet is undesirable, 
although the corrosion protection employed may be 
adequate. (Par . J-2{1} . ) 

{g) The coils end terminal stri ps should be wax impregnated_, 
The creepage distances on terminal strips are dangerou$ly 
short. (Par. 3-2(m).} 
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(h) Several long ~su.pp9rt~d le.ads are used l'lhich might 
· give trouble under prolonged Vibration. These should 

be m<>I'e · securely anchored. (Par~ ;3--2( o) . ) 

(i) W.ca dielectric compreasi.on-type trimmer CQndensers 
are used in the tuned circ\li ts. (Par. 3...2 ( w). ) 

(j) Elect rolytic cond.ens ers are used ( one paper tube and 
one metal tube type). (Par . 3--2 {x).) 

(k) The band swi. tch utilizes bakelite wafers in the receiver 
c:ircuits. (Par. 3...2(y),) 

(1) . Radiation voltages appearing at the antenna terminals 
are extremely high, probably due partly to the lack 
of an r-t stage~ (Par. 3-,(,(f), Table R-6.) · 

(m) The senaitiVity- seems to decrease excessively at low 
temperatures. (Par. 3-7(b), Table R-8.) 

(n) The 32-volt high voltage dynamotor had its output 
terminals reversed when received. 

(o) One of the ranote control boxes· furnished failed after 
working satisfactorily at first. No attanpt was made 
to locate the trouble due to lack of time. It would 
appear that proper inspection had not been given to 
the equipment prior to shipment • 

. : ·: - ... -
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Table TR-1 

Model ET-8021 Radiomarine Radi~ Telephone 

Dimensions and Weights 

Remote Control Unit D - 5-3/8 inches 
H - 8-3/8 inches 
W - 13-3/8 inches (i ncluding hard set 

in position) 
Weight - 10 pounds 6 ounces. 

Transnit ter- Recel.ver D ~ 
H.:;. 
w-

17-3/4 inches 
13 inches 
22-1/4 inches (legs overall -

24 i nches) 
Weight - 85 pounds 8 ounces (including t ubes 

and crystals) 

Power Unit 

Cables 

D - 5-3/8 inches 
B - 13 inches 
W - 20 irehes {legs overall -

. 22 inches) 
Weight ~ 42 pounds 8 ounces 

Wei ght - 9 pounds 2 oum es 

Total Weight 147 pounds 8 ounces 

Table T-1 

Model El'-8021 Radiomarine· Radio Telephone. 

Power Output Measurements 

Antenna : 300 mfd + two 32-volt, 15-watt lamps in parallel. 

2ll0 kc 2116 kc 2126 kc 2142 kc 2670 kc 

Ip (ma) 96 95 95 96 92 
Internal IRF (amp) 1.06 1.06 1.07 1.os 1.00 
Line E (volts) 119.5 119.5 120 119 119 
~ (volts) 700 702 702 693 702 

lector SW.Position Boston Miami New York Norfolk est. Gd. 

Watts Output 31.2 31.0 31.3 32 .9 26.8 

~: The plate voltage Ep was measur-ed at terminals 4 arrl 5 of 
the power unit . 
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Yodel· ET-8021 Radiomarine Radio Telephone 

Vari~tion of Ambient Temperature - 2?38 kilocycles 

Ambient Relative Pla,te IRF IRF . 
Temp Humidity Current Internal · External Jiildttel Output 

~ •c I ma amp, amp. Signal Watts " . 

0 50 17 94 1.00 0.96 Satis- 23~0 
20 so 16 93 1.08 1. 03 fact~ry 26.5 

~ 

' 
35 49 17 93 1. 09 1. 03 ff 26.5 -

50 49 17 90 · 1.01 .9? It 2.3.5 -

l:05 49.5 17 93 1.09 1. 04 -11 27.(J ~ 

1:27 50 16 92 l~O? 1 .04 " 27,0 
1 :'.37 49.; 16 92 1.08 1 .03 " 26;5 
1:52 49.5 16 95 1.i1 1.05 ti 27.6 

; 

2:06 50 15 9'.3 1.09 1.04 . ti ·27.0 
2:21. 46 17.5 
2:36 28 19 
2:51 8.5 
3:06 .:..0.5 F.quipment idle from 2 :10 to 6 :04 
3:21 -5~0 
3:'.36 -9~0 
4:00 .:.:12.5 
4:15 -14~5 
4:32 -15.5 
4:50 -1?~0 
5:05 -1?.5 
5:26 -1?~0 
5:44 -16.5 
6:00 -1?.0 
6:05 -17.0 106 1.25 1.15 " 33.0 
6:20 -16.5 Receiver on continuously after 6 :20. 
6:35 -1?; 5 en 1.10 1.00 " 25.0 
7:05 -16.0 86 1.07 .99 tt 24.5 
7:25 ... 15.5 en 1.10 1.00 II 25.0 

DECLASSIFIED 



., ...... , ...... -~.,. ..... 

Table T-3 
DECLA~SiFIED 

• 

Model ET-8021 Radiomarine Radio Telephone 

Vari ation in Rwnidity - 2738 kilocycles 

Ambient Relative Plate IRF IRF 
Temp Humidity current Internal Elcternal.Finitted Output 

~ •o % ma amp amp Signal Watts . 
0 40 19 94 1.10 1.03 Satis- 26,5 

20 39 14.5 92 1.06 l~Ol factory 25 ,.5 
35 40 l:3 93 l ,08 1.04 II 27.0 
50 40 13 90 1 . 00 n 

' 
80 39 91).5, 9) 1.oa 1.03 II 26.5 

107 39· 97 94 1.10 1.05 II 27.6 . . 
122 39 97 92 1 .07 1,02 II 26. 0 
140 39 97 93 1 . 06 1.01 " 25~5 
155 ~ 97 92 1.09 1. 03 " 26.5 
170 39.5 97 93 1 .07 1.03 n 2(>. 5 

185 39 56.5 93 1 . 09 1.04 " 27.0 

200 40· 27 · 94 1.10 1.04 " 27.0 
215 39.5 . 26.5 94 ·1 .11 1~05 11 27.6 
230 40 29 94 1.10 1.04 II 27. 0 
245 40 29 94 1.10 1.04 " 27.0 
26o 40 29 93 1.10 1.05 " 2?.6 

Antenna:- 300 micromicro£arads in ser ies with 25-ohm·plaque resistors. 

Power output at end of f irst t est peri od - 27 watts 

Maximum power decrease noted thereafter - 25.5 watts 

Difference - 1.5 watts or 5.55% 
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2:25 
2 :26 
2 :30 
2 :35 
2:38 
2 :58 
.3 :OO-
3:05 
3:10 
3:15 
3:20 
3:25 
3:26 

Tabl e T--4 

Model ET-8021 Radiomsrine Radio Telephone 

Vibration Test - 27J8 kilocycles 

Plat e Current IRF lltternal IRF EXternal 
ma amps amps Signal 

83 0.93 0.91 Satis~ 
83 0.93 0.90 factory 
84 0.9) 0.90 n 

·85 0.93 0.92 n 

High voltage fuse i n power unit opened 
82 0. 93 0.92 Satis-
82 0.9.3 0.92 f actory 
84 0.92 0.92 n 

95 0.93 0 . 92 II 

85 0.92 0.91 ti 

8? 0.92 0.91 II 

82 0.92 0.90 " 
82 0.92 0.90 II 

Condi t ion 

Statl6118l'7 
Vibr ation 

n 
II 

Stationary 
II 

Vibrat ion 
" 
" 
" 
II 

n 

Stat i onary 

At 3:10 a gradual increase in the plate current was observed unt il 
a value of 105 milliamperes was reached. At t his p oint the plate 
meter went violently off-scale and it was necessary t o i nterrupt 
the supply to prevent blowing the high voltage fuse, This same· 
phenomenon occ~ed several times bef'are t he test was concluded. 

Table T-5 

Model ET-8021 Radiomarine Radio Telephone 

Locked Key Operation for One Ho'llT .,. 2738 kilocycles 

Ambient Relative Plate I RF IRF 
temp Humidity Current Internal External Emitted Output 

~ •c % ma '11P amp Signal wat ts 

2,10 40 25 8? 0.90 o.83 satisfactory 17.2 
3:05 39.5 27.3 96 1.12 1. 06 n 2s.1 
3:15 40 25 97 1.10 1. 02 " 26.l 
3t45 39 27.5 96 1.10 1.04 n 27.0 
3:55 40 25 98 1,09 1 . 03 " 26.5 

During the above test the high voltage fuse opened at 2 :20. set was 
inoperative until J :05 when the test was re~ed. The .fuse again 
opened at J:20 and was replaced and the test continued at J :45, Fuse 
reopened at J:55 and the test was concluded, 
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Table R-1 * 

Listening Tests on Radiomarine ET-8021 

Radio .. ll'elephone - October 4, 1940 -

Frequency m 2738 kilocycles .. 

(l) Sig.Gen. Input to 100,000 10, 000 5,000 -
An~enna in Lab. Annex 2 volts microvolts microvolts microvolts 

~ 

(2} Signal+ Noise 
Output (30% 90 80 · 30 19 
modulation) milliwatts milliwatts milliwatts milliw~tts 

(3) Noise: less than 
Carrier on .06 mw .J mw 10 mvr 13 mr 

.:. 
(4) Noise: 

Carrier off .30 mw 30 mw JO mw 

(5) Ratio in decibels -: 
Signal+ Noise 31.7 db 24.75 db 4.77 db 1.67 db 

.. 

to noise ffi 
(6} Comments on 

Quality and Good Good Under- Inaudible 
Jntellig:l.bility standable above 

noise 

-~--- .. ,. ... , ... _ ... _,_, ... ....---

c::cLA ~S1FIED 



(1) 

( 2) 

(3) 

(4) 

(5) 

(6) 

.• , .... , .. . 

Table R-2 ~ 
. O~ClA:s,r1eo 

Listening · Tests on Radiomarine ET-0021 

Radio Telephone ... October?, 1940 

Sig. Oen. Input 
t o Antenna in 
Lab. Annex 

Signal+ Noise 
Output ( 30% 
Modulation) 

Noise: 
Carrier on 

Noise : 
Carrier off 

Ratio in db: 
Signal + Noise 
to Noise; ffi 

3) 

Cominents on 
Quality and 
Intelligibility 

Frequency • 2?38 kilocycles 

2 volts 1001000 ~01000 
microvolts microvolts 

5, 000 
micr ovolt s 

100 85 40 25 
milliwat ts milliwatts milliwat ts milliwatts 

.02 mw 

8 mw 8 mw 

Good, Good, 
negligible . negligible 
noise noise 

15 mw 

11 mw 

4. 3db 

Understand­
able , but 
not 
reliabl e. 

17 mw 

11 nnr 

1, 7 db 

Speech 
audibl e but 
not under ... 
standabl e .~ 



Table R-3 DlECU\~SIFIED 

Sensitivity, Noise Output> Image Ratio 

and I-F Response of Radio Marihe ET-8021 

Radio Telephom Receiver 

Gain control at maximum; input modulated 30% at 400 c-p.-s. 
Output impedance 12. 5 ohms. 

Select or SWi.tch 
Position l 2 3 4 5 6 

Frequency 2506 kc 2514 kc 2522 kc 2538 kc 2670 kc 27.38 kc 

Input through 10 s .5 7,.8 7.8 8. J 8.0 
standard dunmu micro- micro- micro- micro ... micro ... micro-

antenna volts volts volts volts volts vol ts 

A-F Output in 40 40 40 40 40 40 
12.5 ohms milliwatts milliwatts mw mw mw mw 

Noise output - 1.5 1,6 1.4 1 . 5 1.3 1.7 
Modulation off mw mw mw mw 111W mw 

Noise output - .15 .l? .15 .17 . l? . 20 
carrier off mw mw rmr mw mw . mw 

Image frequency 1596 kc 1604 kc 1612 kc 1628 kc 1760 kc 1828 kc 

Image ratio :n.a 27.2 :n.a 26.3 19.0 18.6 

I-F Response 131.,000 1.31,000 131,000 131,000 131, 000 1.31,000 
from Antenna for microvolts micro- micro micro- micro- micro-
40 m,r output, volts volts volts volts volts· 
455 .kc 
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• Tabl e R-4 

Selectivity of Radiomarine EI'-8021 
Radio lelephone Receiver 

£0 ° 2?J8 kilocycles 

Gain control at maximum; input, ~% modulated at 400c-p-s; 
constant output a 40 milliwatts. 

Ratio 
Band Width 

Input off max.response 
Input at max~ response 

1.4 
2 

10 
100 

1000 
10,000 

Ratio in DB 

J 
6 

20 
40 
60 
80 

Kc 

J.J 
5.3 
9.8 

16.4 
24,0 

. JS.o 

% 

. 13 

.21 

.J9 

.65 

.95 
1~5 

-



Table R-5 D~ClASSiFIEO 

Resonant Overload Characteristics 
of Radiomarine El'-8021 Radio Telephone Receiver 

Clain control on maximwn; i nput 30% modulated at 400 c ... p..s . 

(1) Threshold of AVC action: 

(2) 

Input 12 microvolt s 
61,itput 120 milliwatts 

Maximum variation of output 
f or +100 db increase of input 120 to ?00 milliwat ts (?.6 db) 

(3) Input for 6 db change in AVC 
t hreshold out put 400 microvolt s 

(4) Range of linear detection Input 9 to 12 microvolts 
below AVC threshold Output 65 to 120 milliwatt s 

(5) Carrier noise output Yax, - 2.4 milliwatts 
(modulatio~ off); Min~ ... • 02 milliwatt 

Ratio - 20,8 db 

(6) Range of input variation to 
decrease carrier noise from 20 t o 5,000 micr ovolts 
max. to min. value ( + 48 db) . 

(?) Maximum power output of 
receiver ?00 milliwatts 

D:::CLASSIFIED 



Table R-6 DECLASSIFIED 

Radiation Voltage Due to Receiver Oscillator · 
Appearing at Antenna ~rminals of Radiomarine ET.-8021 

Radio Telephone Receiver 

Gai~ Control on Ya.xi.mum 

Frequency Switch 
Position 1 2 3 4 5 

. Receiver Osc.Freq. 2051 kc 2059 kc 2067 kc 2083 kc 2215 kc 

Radiation Voltage 45,000 .33,000 39,000 47,000 47,000 
- Fundarnen tal microvolts µv µv µv µv 

· Radiation Voltage 9,210 9,000 9,050 6,750 7,150 
- 2nd Harmonic microvolts µv µ.v µ.v µv 

Radiat i on Vol tage 365 325 310 290 665 
- ,3rd Harmonic microvolts µv µv µ.v µv 

DECLASS!FIED 
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47~000 
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6,150 
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Table R-8 

Effect or Temperature on Gain and Noise Level 
of Radiomarine ET-8021 Radio Telephone F.quiplllerit 

Gain Control set at maximum 

Temperat u:-e 50° C 50° C o• C /lifter 60 min 
start end at approx. -1?0 ·C 

Time 0 120 min, 190 min. 315 min. 

Input for ?6 76 8700 8700 
50 mw output µv µv µ.v µv 

Gain Ratio 1.0 1.0 .0087 ,008? 

DB Change in 
Initial Gain 0 0 --,4.l.2 DB -41.2 DB ... 

Carrier Noise .JS ,38 .3 .25 
Level - Mod.Off 111W mw lllW mw 

Carrier Noise 
Ratio 1.0 1.0 .79 .66 

DB Change in 
carrier noise 0 0 -1.02 DB -1.8 DB 

Noise Output .06 ,05 .04 .O? 
- Carrier Off m,r Dllf mw tlll'I' 

Noise Ratio 
Carrier Off 1 .835 .67 1,17 

DB Change in 0 -.8 DB -1.?4 DB + .7 DB 
Noise Output -
Carrier Off 

-15° C 
end 

410 min. 

60 
µv 

1.27 

+2.08 DB 

·,02 
mw 

.0525 

-12,8 DB 

1.2 
mw 

. 20 

+13 DB 

DECLA~Slf'IED 
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Table R-9 /; 
-<> r·. 

Effect of Humidity on Cold-start Gain 
and Noise Characteristics 

of Radiomarine E!'-8021 Radio Telephone 
Receiver 

Gain Control on maximum - Equipment turned off from 
0 to :wo minutes. 

Ini tial Equipnent Final 
Check turned on Reading Reading Reading 

Con1ition (a) (b) (c) (d) (e) 

Time 0 200 min. 205 min. 240 min. JOO min. 

Humidity 23% 97% 97% 9?% 26% .... - --·--

Input for 46 2900 2500 195 43 
50 mw output microvolts µv µv µv 11v 

Gain Ratip 1 .0158 .0184 .236 1.0? 
Change 

DB Change in 0 -36 DB ...,34.46 DB ... 12.52 + .a 
Gain DB DB 

Carrier Noise 1.3 .02 .02 . l? l.4 
Level - Mod.Off mw mw mw mw mw 

Carrier Noise 1 .0154 ,0154 .1.3 1,08 
Ratio 

DB Change in 0 -18.12 -18.12 -8~84 + .3.3 
Carrier Noise DB DB DB DB 

Noise Output .• 16 .02 ,02 .04 .l? 
- Carrier Off mw ll'lW' DIW' mw mw 

Noise Ratio 
- Carrier Off 1 .125 .125 ~25 1.06 

DB Change in 
Noise - Carrier 1,-:Q -9.03 DB 

Off 
...l},0.3 DB -60 02 DB + . J6 DB 

DECLASSIFIED 
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adio Mu:-ine _,T-8021 - 'f<·ront View, Covers in r1a0e 
Plate TR-1 

D 



i o l a:!"'lne BT-8C.1 - rrnoers:tde of CL .. s ... ~ s ., Covortt Off 

Plate TR-2 



..... 
V 

DC 

Ra. 1o J a _ ine T,:1-f!o .... l - 'rop V1ew, Cover Open 



aaio Marinb ~T-80~1 - Interior View of PoNer Supply Unit 
and Remote Unit 

Plate '::R- 4 
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