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BuEng . Prob.RS-9 

The test or this equipment ~:::.....: authori zed i n Bureuu of Engineerine 
letter S67/46;Ll;i(l:-l~-·.1e) of 2..7 Dece:::.ber 1933 un1c r ?roblem .cl.5- 9 . 

To obt&in pe=-formo.nce tia t a on modified ,iodel RG r ece iving equipment, 
thi s □odification bei ng de s i gnated us wodel RG-3, and t o a scert ain quan­
t i tatively the exact i:r.provewent in performance r esulting therefrow. 

J . EQUIPMENT UNDER TE0T 

'i'he subjec t recei 0,er is a clodel RG modified by the Narf Yard, 
Washington, in accordance .-lith thelr instruction pumphlet RVi 46A 727 to 
a ~ode! RG- 3 The mociificu tions consist in generul of the substltuLion 
of types 38036 and 38037 tubes for the obsolete type Ctt 1344 tubes; the 
r emoval of chokes in battery supply leads, the installation of an output 
t ransformer and the necessary changes in by-pass condensers , resistor s, 
meters , coils, and wiring to accommodate the circuit to the neTT types 
of tubes. 

The receiver under tes t was manufactured by the National Electrical 
Supply Company as Model RG equipment serial number 43&1. Additional 
name plate furnished by the Navy Yard Washington bears the Model Number 
R.G-.3 and serial nu:nber \'Jl. 

The follovring ls a description of the receiver as modified. 

One stage of tuned rcdlo frequency is followed by an autodyne de­
tector and a two stage audio amplifi er, a total of f our tubes being 
used. The frequency ran5e is 1000 to 20,000 kilocycles covered by six 
sets of t,w each plug- i n coils and tuning is accoopl ished ,,i th two dials 
with verniers, the radio frequency and detect or stages being independently 
tuned. Other cont r ols on the panel consis t of a regeneration control 
~hi ch r egulates the voltage on the scr een grid of the detector t ube ; a 
oultiple switch which cb.anges the out put from one to two stages of audio 
amplification, and when in neutral poLJition cuts off the plate and fila­
ment voltages; a double scale voltmeter type CV 22117 , range 0- 7 .5, 0-
150 in t he detector unit and c second meter of the same type in the r~dio 
frequency unit. 

The detector and o.udio stages are removable from the case as one 
unit and the radio frequency s tage as unother separ&te unit. The case 
is 20-13/16 11 long, 8- 3/ 411 high a?1d 9-1/411 deep, v,ith &n overall depth 
of 11". 

The input circuit consists of an adjustable mica condenser, maximum 
Ce.pa.city 100 lC!llf in series with an antenna coil •,:hich ls inductively coupl ed 
to t he tuned grid circuit of the radio frequency amplif ier. This amplifier 
is coupled through a radio fre~uen~J transfor~er to the detector t ube, the 
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secondary being tuned -:1i th conden~e:- s.nd 6::.-.1. .J l ec.:c i n tl,e gr i cl le&d . A 
tickler coil couples the pl&te circ:iit of t he dc t.ecto:::- t ube :x.1.ck to the 
grid circuit 11:hich is then by-p.:-,,'G"'i J.i.rl}ctl J t o t he cathode throw;h a 
condenser ana the oscillation test button. The t '.¥0 1.rndio s tazen a re 
t::-ansfor::ner coupleJ, there bein.; u radio fre quency ,.:: ~1oke in series ·:11th 
the prioo.ry of the first transforJler . There is an ou tput tranGfor·.::io:· 
in the pla :.e cir0u.i t o:' t.he l u ; t <m,lio tube . 'Iy-pe J8,)J6 tet rodes a r c 
use,l for t he r adlo fra:;uency &.apll::ier and detec t.or , an:l type 38037 
t.rio,1es for t:ie t ·;,o s.uuio c:.r.iplifle r;.,. A separate 45 vol t t ap supplies 
the voltage f o r· foe screen grids, there bein5 a poten t iometer i n the 
l ead to the de tecto~ screen ;,hic h s erves a s a r egeneratlon or oscilla ­
t i o!'l co~trol. Grid biE:.o voltage:.; :'or t he a:nplifier tubes are obtained 
by the use of c&thod.e resistors. The re~ei ver may ba butter--.1 operated 
or fro.::i a 110 ·-rolt DC li"1e , throubl1 a line filter unit . 

The line filter uni t , type R:i 53025, supplied for t e st ~rith this 
re~eiver consists of t1rn resistors in series parallel v1it h one s i de of 
the line for lighting filaments in parallel, the value being adjusted. 
for the required total current used by the tubes in the lilodel RG-J. 
A f ilter consisting of t110 30 henry chokes and one 16 and two 8 mfd con­
densers, the three condensers being of electrolyti c type and contained 
in one unit , is in series 11ith the high potential plate supply ,rith a. 
10 ,000 oh.'ll res is tor pla ced across the line to act as a voltage di v-ider, 
~ slide contact furnishing the 45 volt supply for the scre en grids . 

This unit is furnished ,rith a cable and multiple plug to conne ct 
to the bac~ of the receiver, repladng the battery cable similarly 
connected , 
4. METHOD OF CONDUCTING TESTS 

A Model LC-1 standar d signal gener ator ~as used to supply a ll ln­
put test vol t ages; an audio oscillator, General Ra'dio type 513B, to 
s uppl y audio test voltages , and a n output meter , General Radi o type 
/.,83- C, resistance 20, 000 ohns, to measure outputs. For the purpose 
of these t ests, the foll07Ting definitions a re appllcablo: 

Standard output is 5 milliwatts, or 10 volts across 20, 000 ol:-...ms . 

Sensi:ivity i s shown us the microvolts input t hrough 300 ohms r esis­
ts.nee for standa .::-d output 'llith a CW signal und t !le audio output ad­
justed to 1000 cycles, the regene~ation c~ntrol being adjusted for 
s tandard oscillations. 

3tandar-d oscillations is the conJition of osc illation in the detec tor 
circuit obtained by an increase of exc itation which will produce a n 
~ ttenua tion of 3 decibels i n the LJensiti•,ity o'btaineJ with maximum 
oscil lati ons. 
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Sel e .'.!tivity is shmm as U1~· r· tio of inpu t fo ::- s t ,.n fo.'.'d out pu t a t per­
ce nt ages of f r e,.. uenc;r &hove o;: bel o,; resonant f r e'7ueocy t o i nput fo r 
sU,ndur J ou~put 11c t't , ,ut1h1l7. .. .'r e'"'uency . Thi s L·, t&ken ;,ith a Ci; s i gnnl 
hlo1ulated JO;& rd, 1 , 000 c:,rcl es [..O l ·,,l tn all cont;:>oll&ble r egener o.t i on 
rc□o·.recl. 

(a) tiens i tivi ty , .,;i t h bn ttery supply. 
(b) Senui ti vi ty , ,'ii t r: l l :ie f ilter suppl:.,. 
(d ~.iE:xi m1.m1 noi s e , ;,; i th bat t er-,:r supply. 
( d ) Ma ximu m nolse, ,; i t h line f il t er supply. 
(e ) Sensitivi ty of o l d ~lode l R.G for compara tive pu"!."poses. 
(f) Selec tlv-i ty . 
(g) Res ona nt ove!•loe.d. 
(h) Test of line f ilter to show effec t of line voltage 

variation on fresuency stability ~nd o t her charac­
t.eris tics. 

5. RESULT OF TESTS 

(a) Sensitivity. Inspection of the modified equipment ao delivered 
to this Labora tor.r shor.ed the radio frequency ampl.ifier tube to be nith­
out grid bias, due to the fact that a jumper had been pla ced between the 
cathode and filaoent terminal s on the tube socket thus shu.~ting out the 
grid bias resistor und conuenser. This jumper was removed a nd similar 
action shoulcl be taken in connection vii th any illodifica t ion ki ts that may 
have been shlppeJ ~ith thl~ jumper on. 

Insto.bili ty ';'las noted at the higher frequencies due t o the 
presence of r adio frequency voltages in the ou tput l ends which could 
only be corrected by removing the connection from one s ide of the secon­
da ry of the output trn.nsfora.er to ground and all !"'.lco.su!'ements ,vere t aken 
with this ground removed . Furtner improvemenL in t his condition mllY be 
made by renrrnngemen t of the 'iii ring in the de t ee to:- circuit, a s u t pre­
sent the connection bet·neen the lo•N potentia l d de of the t uning con­
denser and coll are not ma.de directly and the l euds from each f ollow 
separate and indirect routes to reach the connection to t he cathode. 

Select:vity, uHh butte ry ::mpply, i s nho;.m on Pla te 1. 

(b) Sensitivl ty, 7:1 th llne f ll ter s uppl y is s torm on Plate 2. 
,i:1en usia5 the j_ine fi lLe r uni t tiie ;;>ltd,e vol t.ti6e is reduced t o 92 , 
,;,rhich accou..'1ts f or the i mprove::1ent i n sen s itivi ty s ho·:;n r1hen us i ng 
buttery supply. 

( c) Maximum noi s e i s s hm·m on Pl a te l wib t he. sens l tivity curves 
for ba ttery supply. 

(d) Maximum nolse is s ho·.rm on Pla te 2 with the sensitivi ty curves 
for line filter supply . 

-3-
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( e) .:>en:::.:. ti ui 'vy :;f t he ')ld .,10 tel -:>u" , , , , ; ,,.1 t;...,e CV! 1 '~11 tubes !"'ti. ) ....,..,,..,. ,.~,o l" ..., ., r ' 

is sho·:m for cou:;p· ri~on, the;::;c ,~13:isuremonLs bei n,; t :,"bu U,.ted for t he 
r'3:.J;:;on thid, bloc~inc:; occurrei £d, vurious fre :uen;ies . 

0en si ti_ •.rity - 1:lic::-ovol ts inp11 t for outpu Ls H.3 s ~10·:.,Tt • 

Fre(1 /.Iotlel ?#~- 3 Model RG i.1;:>del R.G 

Kcs Stan~'lnrJ. output 2 volt output 5 t o.nJo..:.' ct out uu t 

-
1000 60 1440 13200 

1500 J..) . J 850 6100 

:150 26.l 1 580 16000 

2 1.50 5,8 620 4670 

3300 17 920 7300 

4580 13.8 420 3400 

L..580 9 .8 1330 10000 

6000 10.3 1430 9500 

72Z5 5 
blocks 

7225 98 2120 17400 

9000 100 2000 17300 

11350 60 1470 blocks 

11350 62 3240 27600 

13500 50 2780 blocks 

16100 39.5 2300 blocks 

16100 120 11700 blocks 

18000 275 18200 blocks 

20000 230 16400 blocks 

(f) Selecti •1i ty is shovm on Plates 3 to 8 inclusive for three 
f requencies for e ach bantl taken at overlapping frequencies. On 
Plate 8 but one frequency is sho,m for coil 6, due to the existence 
of direct coupling bet11een signal genera tor and receiver at the t,;o 
higher frequencies and the fact tha t the resonant in1)ut r equired 
was t,oo near the maximum output of .signal generator. 

(g) Resonant overload curves a re shovm on .Plate 9, taken &.t 

1500 kilocycles ani 13500 kilocycles. 

(h) The e f fec t of variation of line voltage, when using line 
filter unit, is shm·m in the fo l lo-;;ing t ll.bulo.tions: 

'Line Voltage 

105 
110 
115 
120 

Filatlent Voltage 

5.7 
6.3 
6 .65 
7.2 

Plate Voltage 

88 
92 
97 

101 
-4-
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fii th input adjusted for standar d outpu t, v,lt.i1 st<rnda.L·d regenerution , 
adjus tments being JJ.ade when line vol ts.,;e was 105, the changes in 
s ensl ti vi ty a nd faudi o ou tput are shovm . 

Fr eguency 1500 kiloc-rclcs 

Line Voltl'.ge ~ensitivity Audio Freou.enc~ Aftf~r ,20 sec. .hf ter '.l min. .., 
105 70 1000 cycles 
110 90 970 930 
115 106 900 850 
120 122 825 800 

Frec uency 9000 kilocycles 

105 128 1000 cycles 
110 218 2150 1850 
115 290 2800 2800 
120 329 3200 3200 

,iith regeneration control set f or s tandard oscillations on a higher 
line supply than 105 volt::;, oscillations stop when line voltage is 
lowered and it is necessary to increase regeneration to bring back 
oscillations. i'.'i t:i suff lcien t regeneration to maintain oscill a tions 
o·,er a variation of line 7oltage fro:n 105 to 120, the sensitivity 
is reduced b<J the ar.iounts sh01m abmre. 

The line fi l ter choke;; heat u.>1der continuous operation and consid­
erable impregnating ~aterlal ran out during tests. One resi s t or in the 
f i lamen t line opened on account of the sliding contact burning and cor­
roding. i'iben one tube in the receiver burns out, an increase in fi la­
r.-1en t voltage is caused, inasmuch a s the r esistor is adjusted t o re.:luce 
the current to t he &uount required for f our tubes in parallel . 

As indicatell by the mel t ing of the impregnating :naterial in the 
filter chokes , the electrolytic condensers are subject to a considerable 
temperature rise which !la~ a tendency to create internal pressll!"e a nd 
ther♦eby cause l eub,ge of electrolyte. Change in capacities are very 
pronounced with change in tem?er-ature in t his type of condenser, but 
nothing is definitely kno1Vn as to the possible injury a rise in tempera­
ture may cause. 

6. CONCLUSIONS 

By the substitution of types 38036 and 38037 tubes for the type 
C\'i 1344 tubes origint::.lly used, the sensiti vity of the receiver is 
greatly i:npro·,ed. Due t o the i nc.reased gain and luck of adequate 
shielding, there ls considera ble interacti on bet1veen stages, which 
increases ;vi th frequency. Ho1:e-rer, this does not become serious 
enough to preclude ~ood opera ting results be l ow the upper end of 
coil 5. At this point, tunin5 beco;nes more or les s critical, a t 
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the lower end of coil 6 very c r i ticul, i n the rni (idle of coil 6 opera­
tion is more or less tmst1.1ble, a nd '.'it the high end of coil 6 unstable. 

id th the reu rrang0:?1ent, of ninng as suggested under test (a ) 
e nd a slight rnod ific£, tlon of the tickler r;inding in coil 6, it is be­
liev'9d satisfactory oper-ation could be obtained on colls· 5 and 6. 
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