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AUTHORIZi.TlON FOR TEST --··· -
L This problem was uuthori:,;ed by Bureau of Engineering letter, 

reference (a), ::,nd other addi tion1:1l references pertinent to this problem 
are listed as refe::ences (b) &.nd ( c) -

Reference: (a) EuEngo ltr. N0s,~2340(?-29-\~3) of 31 Jcly 1935. 
(b) Specific~tions HE 13A 471B. 
( c) Contrt:ct NCsL~2340. 

OB,!EC'!' Of:_ TES_'I 

2. The object of ttese tests was to determine how closely the 
preHmin&.ry Model RU-4 equipn:ent meets the requirements of Specifications 
RE 1.3ft. L:-?lH. 

3. The Model RU-4 equipment w~s set up in the Laboratory c:.nd given 
a genersl inspection of mechanical construction and wiring. The follO\Ying 
de tniled tests vrere conducted to determine specification complionce &s 
reg;;rds electricE..l perforJ:1ance: 

( .::.) Sensi t:i vi ty, MCf/ and er; - antenna. reception. 
(b) Sen::;itivity, MCVi and CW - loop reception. 
(c) Selectivity, MCW. 
(d) Noise output. 
(e) Audio fidelity. 
(f) Overloc.d. 
{g) Operation of manmil and automati c: sensitivity control s. 
(h) Frequency stabili ty under various conditions. 
(i) Tuning characteristics. 
(j) Resettebility. 
(k) Interchangeability of coils and tubes. 
(1) D.C. voltages and currents. 
(m) Operation of two receivers from the same dyncmotor. 

4. The equipment was then installed i n an &irplane and flight 
tests made, noting especially t he action on antenna and loop, the effect 
of vibration, and the interaction between receivers. 
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Conclusions 

(a.) The prelimint1ry Model RU-,i~ rece:.i.ving equipment does not meet 
the r equ..irements of the specifications, reference (b), in all respect~;. 

(b} The general mechanical construction of the preliminary model 
is in accordance with the requirements of the specific&tions. Materials 
of high quality Dre used in all cases. The workmanship is excellent. 

(c) The electrical perforr::i.~nce in general is satisfactory. Unsati~-
factory per forme.nce v;as found ss follows: 

(1) Frequency drift of the hete::-odyne oscillator is excesr;ive, 
especially wi th chanee of temper&ture. 

(2) The audio fidelity is poor. 

(3) The selec~ivi.ty at some frequencies is not as great as 
required by the specifications. 

(d) The outlet for crrstnl frequency indicator power supply was 
incorrectly wired. 

(e) Minor discrepancies betv,een actual e.nd specified dimensions 
and weights were noted. 

(f) Tb.e dynrunotor does not have ample r oting to supply two receivers 
simultaneously. 

(g) The equipment will be suitable for use in N&val aircrai't if 
the contractor corrects the major defect~ noted herein. 
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Recommenditions 

It is recommended: 

(a.) That this equipment be considered unsath;factory for use in 
NavG.l aircraft until the contractor corrects the defects noted herein to 
the satisfaction of the Bureau o: Engineering, particularly a~ follows: 

(1) Improve the frequency stability. 

(2) Improve the selectivity at the f requencies where the 
receiver does not meet the requirements of the 
specific&tions. 

(3) Supply a dynrunotor of ample 1'6ting to operate two 
receivers from a common junct i on box. 

(4) Improve the audio fidelity. 

(5) riire the CF'I outlets so e.s to in~ure proper operEltion 
of these indica.tor s. 

(b) Th6t specifications for future equipoent of a similar nature 
refer to all r eceiver outputs in terms of pov;er rather than voltage. 

- 1-b -



DESCRif_T):ON Of MATEHIJi.L UNDER T:i:!:ST 

5. The equip;;ient under test is radio receiving equipment intended 
for use i n sir.gle seat fii:;hti ng planes as v,ell e.s other types of land and 
sea plc.nes. The freq_uencJ range covered is 224 - 13-, 575 kilocycles, and 
the primury power source is a 12-vclt storage br,ttery v:hicl: is normally 
across the ch[l.rging gener~tor. 

6. The equip1:1ent €.S submitted by the .Aircraft Radio Corpor&tion 
of Boonton, Nev: Jersey, consists of the following uni ts: 

(a) Receiver end mounting base. 
(b) fynamotor unit. 
(c) Junction hox. 
(d) Switch box. 
(e) Remote tuning control and cable. 
(f) Plug-in coil sets and containers. 
(g ) Dual coil set and container. 
(h) Connectini:i cables .?.nd ussociated plugs. 

7. The receiver is contained in an tluminum case and mounted on 
t;. shock-;i.bsorbing base. It consists of a ttmed r adio frequency amplifier, 
detector, oscillator, audio frec:_uency amplifier, and c.utomatic sensitivity 
control. The tubes used are three type 38078 us r ndio frequency amplifiers, 
one type 38077 as detector, one type 38077 &.sen ~utom~tic sensitivity 
control t ube , and one type 38233, one section of which is used as het erodyne 
oscilietor and the other a.s audic frequency amplifier. All tuning is accom­
plished by~ single control. A separ~te s~itch box controls the selection 
of mc:.nual or automatic sensitivity control and CW or MC,1 reception. The 
heater suppl:-i,- is dlr ect from the buttery and the plate supply from the 
dynnmotor unit. 

8. The dynarnotor unit. consists of e. dyn&motor e.nd fil t.er . It 
operates directly from the storage battery, and gives an output of 360 
volts at 100 m.a. 

9. The units are connected by means of plug-in cables runnir..g 
to a jtmc:.ion box. Provision is mF..de for operating two receivers 
independently from the same dynamotor. 

METHOD OF T.t~ST 

10. The tests herein reported VJere conducted as nearly as possi ble 
in accordc.nce v:i th the governing s}-1,.::,:1 fications, r eference ( b). A visual 
inspection of ·1:orr.Jn&nship v;as me.de, the com}lv:::?"'t parts were examined, 
and the separate uni ts mev:,;ured and ·,.;ei ghed. 

11. Electrical tests ~ere made using u storage b~ttery a s power 
f,otirce, the voltage being s dj usted to 14 vol ts at the input terminul[; of 
the equipment. Unless othen;ise noted, e.11 MC\V me&surements Viere mP..de 
with 30 per cent modulation of the carrier at 1000 cycles. The results 
are practically the same as for the frequency specified. 
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12.. Sensi t. i vi tr w&..s measured using General Radio Model LC-A 
stunciard signal genen, tor, serial No. 2. Standurd output ,ms 10 milli­
µatts, measured one General Radio Type 583-A output power meter adjusted 
for 600 ohms, with the sen;.,i t ivity control of the receiver e.t its t:ia.···d murn 
set ting. The siennl generator was connected to tte r eceiver tcr ough an 
c1rtificial antcnn& consisting of a .0001 !l'..icrofarad capaci tor mounted on 
t he antenna bindi ng post. The leads wer e kept less than six lnches long. 
For loop meesurements t he input was applied to the loop terminals through 
c coil of negljgible cepucitance having an inductance of 0.2 millihenr ies 
and e mean r esistt'.nce of 6 ohms ; in additi on the loop terminals were 
shunted by n fixed c~,p.;ci timce of .00005 microfar ad. 

1.3 . Selec tivity wo.s measured by noting the number of kilocycles 
off resonnnce r..t which the sensitivity of the recei ver was l, 5, and 10 
per cent of i t.s maximum sen si ti vi ty. 

14. Nolse output v:as determined by removing the modulation from 
the input signal used i n measurir..g the MCl'i sensitivity . The noise rutio 
i s the rt~t i o of the output thus obtuined to the standard output, all 
r eceiver adjus tments r eme.ining as for the sennitivity measur ement. 

15. Audio fidelity was measured by using an externul modulation 
source :-Ji th the sienal gener ator, and noting the audio out put of the 
receiver f or JO per cent modulation at frequencies of 50 to 7000 cycles. 
'J'hree different c&rrier f r equencies vre re used for compadson. 

16. Overlocd was measured by noting the output for increasing 
inputs. Distort:ion was determined by means of an oscillograph in t he 
output circui t . 

17 . Frequency stc:bility was determined by noting the change in 
frequency of the audio output v,i th the receiver tuned to a harfilonic of 
the cry~tc;.l in the Model LD-2 heterodyne calibr ator equipment. Audio 
frequencie:s were 1:1e&sured on the General Radio Type 617-A i nterpola tion 
oscill8 t o!'. 

18. The equiIJL"ient v;r1s ins talled iri an airph.ne and flight tests 
conductedo 

DA'l'A RECORDED DURii-.:G TESTS 

19. Complete data v;er e recorded on al l tests conducted. Thi~; 
in.formet i on i s contained in Tables l to 29 und Pla te3 l to 9 inclus ive, 
ano is discussed under " Results." 

DI~~ON_OF PRO~ABLE ERRORS 

20. The overal l limit s of accurecy for the var ious measurements 
ar e e stimated es follows: 

Sensi tivl ty 
Sensi ti vi t.y, above $000 kilocycle~, 
Selectivity 
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J.udio fidelity 
Overlc;ad 
Sensitivity control characteristics 
/,udio frequency measurements 
Current 1=nd voltage ::'!easurement s 

RESULTS OF TESTS 

+ cef 
//C 

+10% 
±10% 
+ 5 cycles 
± 1% 

21. In the following paragraphs of this report r eference i s mo.de 
to the governir.g specifications RE l}A 471B unde r which t his equipment 
v1t: s const1·ucted. flhere no specific reference is made to any parti cule.r 
pe.ragr uph i t i s t o 'be un<lerstooc. t hat the equipment under test complies 
with thi s par&6rc._s.1h und thc.t no furthet· explanutory r ema rks are considered 
neces sar y . 

22 ~ Section I. The Model RU-4 equipment meets t he general scope 
of this int roduc~ory section of the ~pecifications . 

23. Par. 2- 2. The r.1a teri&ls covered by this parcgraph ar8 sa. tis-
fcctor,J , i n so f a r as could be dcter11lined vri t hout eJ<tensive disns:-;embling . 

24 . Pc.r. 2-.3. The construction is satisfactory, unl ess specifi col ly 
zto.ted el::.e;•1her e in this r eport. 

25 . PE.r. 2-4. The workm&nship i s excellent. 

26. Par. 2-5 . The equipment is well protected from ccrrosive r. c tion. 

27. Par. 2- 6. I ron and steel have been used only where neces::;1;.ry. 

28. Par. 2-7. The e quipment was tested oYer a te:npere.ture range of 
-.30°C. to +50°c., and was found to function normclly except as specifica.lly 
mentioned. All controls oper&t e d satisf~ctoril y ct -J0°C. The ~~nual seP~~­
tivity control was found to he noi sy 1:: t +.35°c., producing sh~,.rp clicks at 
ea ch s tep of ro tation. Some mec:.surerr:ents :;.a.de ei'ter the tempe r ature runs 
t;howed the manual to 1:.utoi;;&tic seiwitivi t.y re.tic to be s oruev,hut decr ea~ed, 
al t hough it i s not ce r k i n th,~t the::-;e conditions were r espon sible for the 
chcncre. 

29. Par. 2- 8. The equi~m~n t i s suita bl y pr otected as requ~red by 
this pare.gr aph • 

.30. Pt:.r. 2- 9. Ven tile tion i s pro,ricied by tt series of !:ol es on 
l..he left-hr:nd side of t he r eceiver unit. 

Jl. Pi;.r. 2-10 . Continuous oper a tion ic possi ble '.':ithout dc.;;.age . 

32 . Par. 2-11. No test equlpn1ent is a vuilllble for uccel er a tion 
test::,; however, the r eceiver v;ithstood vibration and shock during f light 
tests. 

3.3. Par . 2-12. 
l 01rnr frequency coils. 
et:. tisf~ctory. 

Wooden dowel$ are used us supports for some of the 
The dor,els are very i'iell i mpregnu t e:d and should be 



34. Pur. 2-13. Parts are sa tisfactorily interchangeable, but 
i dentification merkir.gs and type numbers are no t complete. 

35. Par. 2-14. Name plates and unit identifications were not 
supplied. 

36. Par. 2-16 . Parts and wiring are secured against vi br ational 
effects as specified. 

37. Par. 2-17. This provision is satisfactory if protective 
caps are on the unused plug r eceptacle::, of the junction box. 

38. Par. 2-18. ill sealing and insulG.ting compounds proved 
satisfactory a t the temperatures et which the r e ce1ver was tested. 

39. Par. 2-19. The receiver unit is motmted satisfactorily by 
means of live rubber shock absorbers. 

40. Par. 2-20. f/iring is in accordance with the requirements 
cf this purngruph. 

4l. Par. 2-24. No samples of wire were furnished for test, and 
it vm.s considered unwise to remove any from t he equipment. 

42. Par. 2-25. No samples of wire were av{l.ilable for test. 

43. Par. 2-26. Cable connecti ons are a s specified. 

4/,. Par. 2-27. Sufficient shock and vibration protection i s 
obtuined t hr ough the receiver unit mounting. 

45. Par. 2-29. The frequency r~nges 224 - 350 kilocycles and 
.350 - 545 kilocycles are combined in & dun.l coil set as specified in 
rP-ference (c). 

46. Par. 2-31. No electricul indicating instruments are used 
in the equipment supplied. 

47. Pa r. 2-32. Operation of controls is in accordance with 
t his par agraph. 

48. Par. 2-JJ. The finish of uniU, &nd cabinets is s&tisfactori-J. 
Pure alumi num is used in thei r construction. 

49° Par. 2-34. The foil paper cf,pEi.ci t.ors used i n this equipment 
ci.rc of types which have proved so.tisfEtctory. Over the tempera ture range 
of the r eceiver t ests there was no evidence of deterioration. 

50. Par. 2-35. No samples of fixed capacitors were furnished . 

~l. Par. 2-36. All audio transformers a'1d chokeG are in accordence 
v:i th the specifics t i ons. Coilr, proved to !:>e so. tisfactory under the con-
di t i cns of the receiver t ests. 
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52. Par. 2- 37. No electrolytic. condensers are used. 

530 Par. 2- 38. Provi s icn is w~de only for low imped&nce phones, 
a s covered by i;.ddeD<lwn No. 1, of 7 De cember 1934, to r eference (b). 

54. Par. 2-40. The metll-1 cabinets and Clible i:.hields are &lready 
gr ounded t o t he nega t ive lead froc t he power source. 

55. Par. 2-41. Six vacuuu tubes are used, one being type 38233, 
which cont tti ns two uni t s used as het erodyne oscillator and audio frequency 
amplifier respectivel y. 

56 0 

382330 
Pa.r. 2-42. Three types of tubes s.re used: 38077, 38078, and 

570 Par. 2-43. All tubes are of appr oved types. 

5e. Par. 2-44• Oper a tion of the equipment is satisfactory with 
any i:.ubes ueeting Navy standard specifications for the t ype specified. 

59 . Par. 2-45 • The equipment is completely shielded, the shields 
of all unit s being a t a coomon ground potential to which the nega tive 
s i de of '~he power supply i s also connected. 

60 . Par. 2-46 . (1) All corJponent purts withstood t he tempercture 
tes t~ c f t he equipment, except that the manual sensitivity control became 
noj cy a t +35°c. 

(2) The Labora tory i ::; not equi pped to make this 
t est. 

61. Par . 2-47. This t est was not per formed. 

62. Par. 2-48. No sample:. were furnished for the immersion t est. 

6J. Par. 2-50. Bolts , ::;t ucs , sere\'::.; , !'luts, etc., conform t o the 
r equirements cf this paragr aph of the speci f i ca Hons. 

64. Par . 2- 51. Oper ation was 
tests, except as specifically s u.ted . 
to mrJce humidity test s . 

satisf a ctory during t emperature 
The Labor~t ory i s not equipped 

65 . Par. 2-52. In t hiu case t no receivers were opera t ed fro~ 
the S&!!le d~'nv.uotor unit, as pr ovi ded for in t he juncti on box. The results 
are given in Tabl e 25 . It i s seen trwt there: it; a r elatively small amount 
of int er ac tion throueh the comr.wn poner suppl y. The increase of signc:..l 
hear d by the use of an an tenne. (in tr.is inst ance af f orded by the connections 
to the slgncl gener utor) shows considerabl e r ~diEtion f rom t he oscil l a tor. 
In all ca ses the in t eraction 1 3 s t r on[;er when t he r eceiver bei ng li ~;tened 
on i s tuned to exactly one-h8.lf the frequency of the other. This i s due 
t o t he f&ct tha t i n this equipment t he second harmonic of t he oscillb.tor 
i s used to give the beat note . 
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66. Par. 2-53. Operation is not satisfactory with a crystal 
frequency indicator. Outle ts 74 and 76 on t he junction box are improperly 
v;ired. Tenu.rw.l No. 25 should be +12 volt s, No. 27 5hould be ground, and 
No. 35 should be posi t lve high volt&.ge. 

67. Par. 3-2. Items (9), (11), (16), (17), (18), (19), and (20) 
\':ere not "'uoruitted for t est. Only one set of Ye.cuum tu"bes , i tem (14), ,:as 
furnished . 

68 . Par . 3-3. The junction bo:x is a s specified, except that the 
fuses are located under a small r emova bl e cover project.ing above t he upper 
surf&ce. This cover i s 17/ 3'?. 11 ~i gh, mnkini the overall dimensions 7- 3/$" x 
5-1/211 :x 2- 25/32". The weight is two pounds . In add.Uion to the r equired 
plug connections, provisicn is made fo:- cables l eadinr, to a second receiver 
s.nd sm tch box. This e.llo,,s opere tion of two recei ve·:s independently f r om 
the se.::ie dynar.io tor. 

69. Par. 3-4. The dynmnot or unit conforms to the dimensions 
speclfi ed and cont a i ns the accessory electrical parts r equir ed. Its weight 
is 9 pounds 4 ounces. The dynlimotor is of sat isfactory mechanical de sign, 
but i ts output rating is only 100 m.a. Reference to Table 22 shows that 
the total current taken by two r eceivers v1hen opera.ting is 130 m. a . One 
receiver requir es 76 m.a ., a nd 7lben the JO m.a . are allowed for the I.C. 
system m1d cryst ... l frequency indica tor the to t a l is a l so above the rated 
limit. 

70. Par. 3-5 . Recei ver uni t . 

(1) Thi::; uni t cont.,.; i ns t he circctl t :.; as required. 

(2) The dimention::; o.!' the cvblnet ar e i:s given. 

(3) The we::.ght of t he unit complete with one single-run6e 
coi l set , but without vacuun tubes, is 13 pounds 4 ounces •. 
The avere.ge ·!:eight of a single-range coil set is l pound 
12 ounces without contai ner, and 2 pounds 4 ounces with 
conte:.iner. 

(4) The cont!'ols and connections are sat isfl:.ctory, except that 
half d i visi ons a!'e not 5r adu& ted be t ween t he 100 main 
divisi c-ns of t he tuning dial. The se lector switch for 
the dual gunged coil set is //lounted on the coil set itself, 
as ullowed under ( 5). 

(5) /ill the controh- mentioned i n (4) are mounted on the front 
panel, the tuning cont rol, di~l, and outlets being on the 
right-h&nd portion ~s specified. The selector switch on 
the dual coil set i G on the front end of t ne coil set, 
ndjacent to the front panel. 

(6) Coil sets ore as specified. 

(7) Coil sets m[.y be changed in the 5-lj2 inches ullowed. 
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(8) i1 ·~!cess tr) V(~cuw;, tube:3 is by o. remova ble pnne.l in t:i.e top 
o~· t:'le r ecr~.l ver cu bine t. 

( ~) S.!::. tisfocto.cy . 

71. Par. .3-6 . T':ie rec,.d v-er moun ting b<>-se is in acco1•dan ce with t he 
specification,.;, Its ·:;~iGht is lO Otlncr::s. 

72. Par. 3-7 . Tho rece.i ·mr switch box conto.ins the r e quired parts 
:~nd con Lrols, cmd the raarklnc;s are ;:is specified except tnat 11MCW" is used 
i ns tHad of "Volce. 11 The i'mi3°:-1t is L~ ounces . The dimensi ons are 5-1/1611 x 
.3 -5/8'" x 2-3/3" , due :o the use of a raounting plate di:fering from t hat 
s~own on Shee:. 52B of reference (b). The D.C. m'?-ter, meter holder, cable, 
and plug wer·e not supplied. 

73. P&r. 3-8. The receiver romote tunin~ control and ~echanical 
l inkage :i r e in ;3 ,::cord;1nce wi ti1 specifications . The t uning control ·aeighs 
1 /4 ounce ::; . The r:10chr..nicul lin b , 5~ is 121 inches in !.e:1g t '.'l , wit:i ~ 1•1(~ight 
of 1.9 ouncen per foo t . Ther e is ,i tendency for tor 41ue l a sh to coun ter-5.ct 
pla.-, in t he r 2cei ·,er dial &earing \7hich make s the (Wei·age set ting mor e 
::i.c cura.te wi t:-1 t:-ie r8ruote tuning control th&n ·;ri th th3 local, as determined 
by ~ctu::i.1 fre 11u:tlCJ' respons e. Dir-,ac t lon of r otatinn ls al:30 less important. 
Se c Table 20. T:ie r1d.jus t,,ble .fi duci::.l ;na rk i r; not. hel d r igidly in posit.ion, 
hov1P.·1fi r , ..;o t:1at ot:1.er er rot•:; m1=.y bo intrvciuceu. 

74. Pu.co 3-9. The r ecf:'i ver l oca l t uriin3: control conforms to the 
npecific&tions, except b at t ie di sk is no t knurled. The v1ei ght i s two 
ou:1cP,:, . I,ttention is c&l le.-J. her'~ t o Tcble 20, 7;hich shows a decidAd c:i:~nie in 
fre~uency when t ~w control is r e set in tie oppo:~i te direction. This is 
.!.:.pp~,rrmtl :/ di:.; tin::: t f r om bc.cklash of gearinc i inti ;,:irobably indicate :..; (.mc1- plc.<y 
in t he main s:m.ft. 

75 . Par. J-10. The antenne1-loop s1·1it~h loca l control is sc.t tl sf1;.ctory 
and is det·chuble. 

76. Par. J -11. No r e;note con t !·ol ::ir ll:1kfl6e is p:-o·:ided for be 
nn t 0nmi.-loop s-,,Ji tch. 

77. The lo:::nl ~on ~::-ol '.)n t'-1e dunl coil s0t i s s a tisfactor-y. 

78. Pa r. 3-13. No r emote con t rol or linknge is pro·iided for the dual 
co.a se t s ·;;iLch. 

79 . Pa r. 3-11~. The pLig-in coil sets and con tai:1crs ure in a.cco.cdc.nce 
with t ~e spoci ~i c n tions. 

80. Par. 3-15. The gencrcl cons t;•uctl on of t he conni:?ct.ing c:-,bles 
r,.:id p lug t; l :., in acc or d.:.nce ,·:ith t:1.c :5pecif i c£> :ions . Lengths 1.;and ;;;ei .:;hts h::-e 
ei•, cm in Table 28, an•:i sho· . ., s ome :.1inor di s crep,1.ncies . P.in_::; r~cepts.cle:-; ~fo. 74 
and no. 76 ~re pro·vi:led in t :'le ju..,etion bo✓. , but are ihaorrectl-y wired. 

81. Par. 3-16 . ~nt.ennc.a ins uluto.r:;; were no:, :mpplied . 
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were 
82. 
not 

Par. 3--17. 
~·urn:;..shed ,11th 

The tt3~t rneter, r.1eter holder, cable, i;tOd plug 
equi;:iment. 

83. Par • .3-18. The recei·,er case is not completely sprayproof on 
account of veaU.11::. tion h•:.:>l1~s. The entr,rnce of spr ay at tnese points , howev•.1r, 
is not serious, a~ no vital parts a.:-e exposed. The v1::..tecproof 3lip cover iw.s 
not providec1 \'fith the e quipJ1ent. 

8~. Par. J-19. All ~ontrols are satisfactory i o tiis respect, 
except as iaentione<l in Par. 74-

85. Par. 3-20 . Remote con trol switchec :-ver c not furni:.hed f or test. 

86. Par. 3-21. The tunine dials are raarked on a 0- 100 ba~is. 

87. P::.r. 3-2;~. Previo:is experience indicates bat t he friction anci 
prc=:s3urc cont;:1cts used should be cr1tisfactory in use OYe~· a long :;'.)eriod 
of tir::e. 

88. P3r. 3-2.3. The ur•rf.;.o6emen t of ;iart;:, and con~:..ruction r1ermi ts 
c;1.~~l !:iervicing. 

89. Par. 3-24. No pro::.ecLlve c&.ps were furnished for tb.e 1ll11g 
~;ccp!:.acles of t:1c junction box tmd dynamotor . 

90. Par. 3-25 to 3-30 inclusive . This type of dyrwJno~or i s capable 
o: opersting sati.::f.:.ctoril y for loni _?eriods of time . Its s::1oot.h runn.ing 
c'1o·:rn that t:ie :Jd'ince of the :nov·i:tt: :,s.rts i s good. Const~·uction;il details 
vrere not checked. 

91. Par. 3-31. The d:1.rn8.i:1•:, tor .i3 of the totb.llJ eaclosed type . 

920 Pnr. ~-3;~ . Jr.,ck recep t:,cle:3 .- - "') ct,. v ~s speclfied. 

93. Pa:c. J.-33. Space0 s;>ecified. hr e sufficient for r '.:lm'.)•,in6 single 
and d:.iel • l 

C 0 1.~ sets, and ull pl·_tgu. 

9L. Par. 3-36 . Tuning conden:;ers &ncl triin;nP-rs for same &r e of ti1e 
ai~ 1iele·:Lr-ic type. 

95. Par. 3-37. Total ·:1ei i:;ht of all parts ~;upplisd for operatlon 
of one rec~livar, incl•.1din5 a si:'lt;le .:'re(1uency coil swt und a complete set 
of l;;:1bes , but not i.'.lc.iu:.li"'.lg remote control:'i for tunin~, antenna-loop ::;witch, 
or dunl ~oll set, is 30 pound~ 15 ou."lce::;. 

96. Pa r . 3-.38. 1dl unit;;; a re quickly replac,~uble, us required. 
The catch':ls are capable of beln5 safety- air,ed. 

97. Par. J - 39. No tool is pro·1i ded for the t rimm..i.ng condensers. 

98. Par. 4-5( b). Viitn a sepa rate heterodyne oscillator for Cl·i 
r eception the Ci'i selecti ;ri ty depends on t rle audlo frequency charncter ls ties 
of t.r1e recelver. Therefor e the ~tCV1 selecti·.rity should be a. S<-Ltisf'nctory 
index of the Cvi scl(~ctivi ty. 
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99. P.ir . 5-1. Control i s us specified when only one receiver i s 
conne,'.!ted at tne j u.--ic:ion box. fl'hen t •;m receiver::; are connected, for 
oper ation fr-om the swae dynwuotor, turni!lg one off does not of cour:.;e 
stop the dynamotor and thus current conti nues to flow through sev':lral 
r esi~tors in this receiver. This is discussed in detail in Par. 150. 

100. Par. 5-3. The 224 - 350 kilocycle and 350 - 545 kilocycle 
bands are combined l!1. a dual ganged coil se t , as specif i ed in reference 
(c) . No sin ,::le ganged coil sets ar e furniahed for these two bands. 

l Ol. Par. 5-5. Tunin5 i s by mea ns of the saiae single control in 
each c,,se. 

10~~ . Par. 5-7. This is o.ccompl:ished by the three-position sr;Titch, 
w:iich also contai ns the 110ff 11 position. 

103. Par . 5-8. The same control knob adjusts the receiver sensi-
!: i·;i ty -,;hen t::ie above s~•,i tch is in the 11Mamm.P posi t i on, and the r-~udi o 
l evel 7:hen foe swi tch is in the "Auto'' position. 

104. i."'<i.r . 5-'). Adjustment for CW or MGri' i s by a t oggle S\'Ii tch 
as speci:ied. 

105. Par. 5-10. Only the t110 additional adjustments specified are 
required. Ho,,cver, the antenna t rimming condenser is of the ~ica dielectric 
type, with whfoh it is difficult to hold an accurate capacitance setting 
under !light conditi ons. In addition, ~hen the temper ature is varied the 
capucitonce change is sufficient to t hrow t he antenna out of ali gnment and 
reduce the r ecel·rer sensi ti vi ty . 

106. P~r. 5-11. The antenna-lonp SNitch is as specified, but no 
remote contr~l was supplied. 

107. Par. 5-12. Temper a ti.lre tests were ;n~cle on the equi ?:nen t, 
the results of which appea r a t various oJ "n-::: unaer .::iore specific pa.r,.tgrc1.phs 
of t:ti.s report. This Laba:•ut ":-:,· .:.~ not equipped to conduct the required 
humidity test:-,. 

108. Par. 6-1. Opera tion is unsati sfactory with the crystal frequency 
indicator. 

10]. Par. 6-2. The receiver operatad satisf~ctorily ~ith all types 
of antennae on aircrtlft during fl ieht tests . 

110. Par. 6-J. The fraquency range 224 - 13,575 kilocycles is 
cover ed by 10 ov,~r l apping bands. 

111. Par. 6-4. There i s a separate g~ng of plug-in coils for each 
band of paragraph lJ.O, except for 224 - 350 kilocycles anci 350 - 545 kilo­
cycles, ·uhich are com:>ined in a dual gang. In H.ddi t ion a single gang is 
supplied for 5200 - 7700 kiloc)rcles, replsci:lg t~ t for 5400 - 8100 kilo­
cycles as requi::-ed in the original contract. 
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11-:2. Pc:.r . 6-5. The intercha.'lgeahility of coil sets is shown in 
Table 21. The frequency overlap bet'.veen b&nds is not less t'.:1an two per 
cent. 

113. Par. 6-60 Tuning is provided in the first grid circuit. 

114. Par. 6-7. The equi;iment will operate satisfactorily with any 
vac'!J.mn t:ibes :'!i thin the limits set hy Navy :::,tandard specifica t.ions for 
tl:.e types used. 

115, Par. 6-8. A heterodyne oscillator is used for reception of 
Ci'; sign&l s , and its coupling to the detector circ'-lit is satisfactory. 

116. Par. 6-9. No adjustuient of the antenna trim.-ner iz necessary 
·nhen chP..nging coils provided the same antenna is used. 

117. Pa r. 6-10. A hieh grade phenolic composition is used for 
coil f on1s , but the lower frequency universal-\'lOund coils are supported 
on wooden dO'i1els. Glass insul,;;.tion is used i::i the variable tuning co~­
denser s. 1ir dielectric tr~lli~ing condensers are used with the tuning 
condenser::;. 

118 . Par. 6-11. A jack is provided on the front panel of the 
recei"Ver unlt for t he input from an interior communication system. 

119. Par. 6-1.2. The output is intended for the use of lov: i:npedance 
phones only , as spe:!ified by Ad denduo No. l to reference (b). 

120. Par. 6-13. All D.C . and substantially all r&dio frequency 
potentials are r8lllO':ed from the t elephone cords. 

12L Par. 6-14. (1) The results of MC\'i sen::..iti•,ity :aeasurements 
are given in Table 1. When a.llomrnce ic mude for experimental errors, 
the sensithi:.y is slightly outside the specifica+:.on limits at one point 
in the 224 - 350 kiloc;;rcle band. Variation c-:· l\1CN sensi ti vi ty in ,my 
one band does not e:xce\1d 2/1. 

(2) Ti,,_::, resnl ts of Cri sensiti7ity measurements 
are give!'l in Table 2, ar~: are within tne specification limits. Variatlon 
of CW sensitivity in any one band doe;., not exceed l+/1. 

122Q Par . 6-15. The sensitivity 7,ith loop reception is given 
in Tables 3 and 4. In general , tnis is much greater than required by the 
spccificati~ns, but the ratio to the antenna sensitivity approaches the 
designated li:nit at the hi,3her frequencies. 

123. Par. 6- 16. (l) The ricw selectivity is shonn in Table 5. 
Afte r vllo:,Hnce is made for experLnental e:::-:::-ors, the requirements arc 
not met i n the two lowest and t 1m hiehest frequency bands. There is 
al so a tendency for the high frequency ends of seV'Jrul bands to be outside 
the li;ni t;;. This is true especially of the 51+00 - 8100 kilocycle or 
5200 - 7700 kilocycle band. The selectivity at reduced gain settings is 
discussed 13 Par. lJl. 
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(2) Since the circuits are the same for Cl'~ recep­
tion, exce,:,t thnt the oscillator is used, the MCW selectivity may be taken 
as an .index of the CW selec ti vi ty. See ul3o Par. 98. 

124 . Par. 6-17. The table of selecti·,,ity given in the specifications 
is reproduced in Table 5 for comparison purposes. 

125 . Par. 6-18. The audio fidelity is given in Table 7 and Plate 1. 
7Hth a car rier of 450 kiloc:rcles, the side band cutting causes distortion 
as shown by the repid decrease above 1000 cycles. The results with the 
4200 or 8000 kilocycl~ carrier may be' taken as giving the true audio fidelity 
curve . It i s seen that the attenur,tion greatly exceeds the specification 
limit at 3000 cycles, while at 50 cycles the requirement is very nearly 
met. 

126. Par . 6-19 . Overload curves are e;iven in Plate 2 i'ro:n the datci. 
of Table 8. While a maximum output of about 500 milliwat ts is reached, 
distortion of the ·na-.re-form begins to be visible, as viewed on the 
oscillograJ?h , at about 250 milliwatts. This is also shmm '-Jy the tendency 
of the curves to become slightly flattened at this point. The 600-obm 
outimt only was used, in accordance with Addendum No. 1 to r-eference (b). 

127. Par. 6-20. The noise ratio is given in Table 6. This exceeds 
the specified limit in the five lo,7est frequency bands by a small amount. 
Flight tests indicate that the noise level is satisfactory. 

128. Par. 6- 2l. Laboratory and flight t ests lndicate that the 
microp~oni~ tendencies are negli gible. 

129. Par. 6- 22. Pe.ragr t1ph 5(e) o.: Appendix B discusoes noise level 
in flieht. The noi se was not considered ej{ce,, s ive si::lce the ::najor portion 
o: the noise in the receiver was attr.-1 :mt<ible to ignition disturbancea. 

130. Par. 6-23. The att";nuation prod:1ced by the manuo..1 sensitivity 
con~rol is sati sfactory, as shown in Table 9 -

131. Par. 6- 24. (a) Receiver blocking does not occur at any 
oper.'.l. ti -,e poGi t i on of the manual or au tomo. tic sensi ti vi ty control. No 
appreciabl e cha.'1ge of the frequency of the oscillator was observed. At 
1 .. 50 kilocycles the i~iCW selectivity remained pra ctically constc.nt as the 
sensitivity control setti·'.'lg was decreased, but at 7600 kilocycles the 
selectivity was decr•eased, as shown in Table 10. With MCW oper:1tion a. 
very noticeable shift i n t uning was caused by reducing the sensitivity 
control from maximum to mi.ni:nun, as shmm '::iy the las t column of Table 9. 

(b) Under normal conditi~ns, the sensitivity 
control , both manual and autom.a"tic,""'··was not noisy. When maki ng a tempera­
ture run, as +35°c. was reached, it wo.s found that the manual control 
gave a series of loud clicks i n the telephones &s each new contact was 
r.iade. This effect disappeared after the rec~~ivcr had become cool again. 
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132. Par. 6-25. The antenna oinding post is grounded when the 
switch is throvm t o the 11Loop 11 pof;ition. 

133. Par. 6-26. As reported i "!l Appendix B, the operation on a 
loop antenmt was satisfactory. 

134. Par. 6-27. No shift in bearings war:, noted with variations 
of tuning or sensi t i vi ty control. 

135. Par. 6-28. Minima may be obtained as spec:..fied~ H:mever, on 
.frequencies above 1500 kilocycles, 'fhe indicated directi "'n is not 
ne :,cessarily correct, but will depend upon a ltitude, dista\\ce and terrain. 

136. Par. 6-29. An lnput of 0.5 volt wa s applied to the receiver 
at the so.me frequency to which it was t uned. On the 11Manual" setting 
the receiver 1:...unediatel y beca;::ie operative 1,hon this signal wa.s removed; 
on "Aut o11 ;i~ became operative after mi interval of approximately one 
second. ;; further discussion relative to break-in operations will be 
foun0 in Par. 5(d) of Appendix B. 

137. Petr. 6-30. Cycles per divisi•~>n are sufficiently evenly spaced. 

138. Par. 6-31. The number of' kiloc--Jcles per division of the tun­
ing dia.l for each bclnd ( excl uding the extreme ends) is given in Table 19. 
This is somewhat over the specifi cation limit at the higher frequencies, 
but is coillpensated for by the greuter overlap obtained. 

139. Par . 6-32. Operation of the remote tuning control is sa tis-
factory. 

1/,.0. Par. 6-33. Continuous operation is possitile without damage 
as specified. Ho,1ever, dyn,iraotor No • . 2 became noisy after only a few 
hours of operation due t o faulty brush contact. 

lli,-1. Par. 6-34. The range of the uutomc. tic sensi t i vi ty control 
'nas measured as descri bed under this paragraph of the specifications -
th&t is, with an i nitial output of 10 milliwatts with the level cont rol 
set at maximum. The level control was reduced until the output was one 
mill iwatt and t he run repeated in each case. The results are shown in 
Table 11 CL.~d Pl Rtes 3 to 5 i nclusive. The requirement of a 3 to 1 voltage 
ratio in output for a 1000 t o l increase of input is met in MCl7 operution. 
For CW this ratio is exceeded at the higher frequencies, becoming 5.6 
at 13,575 kil ocycl es. An ·extra curve is shovm on Plate 4. The curve 
labeled 11MCW 11 is obtained with the initial conditions described above. 
For the dotted curve, 11MCW - I ncr eused Input, 11 the ini tib.l input is 
increased by a r &ti o of 2 . 5, but tpe same initial output maintained by 
reducing the l evel cont r ol. This flatter curve shows better regulation 
and at the same ti:ne rep re sen ts more nearly the ~vorki!lg con di ti :m in service. 

142. Par. 6-35. A comparison of the "Manmi.1 11 and "Auto" sensitivity 
val ue s in Tables l, 2, 3, &nd L., shows thut the change in output between the 
two is such as to pass unnoticed b;; the ear . 
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11.3. Par. 6-36. Vii tt the maximum set ting of the mc:.nual sensi ti vi ty 
control, the recd ver operates sati0f~-.ctorily c.nd ,,i thou:. oscilla tlon 
other thc:m in the heterodyne oscillato:::· circuit, over the entire frequency 
range and with the prim.;.ry power .:;ource varying betwec;m 12 and 16 vol t s. 

W+• Par. 6-37. The frequency drift of the heterodyne oscillator 
at constant rur.bien t temperature is given i n Table 11,. &nd Pla t.et; 6 1::.nd 7. 
Jt 325 kilocycles the req'..lireruent for t he first ten minutes of operdior, 
is not met, but at 6200 kilocycles trJ.s is well ,,,:,i thin t he limit. The 
succ:eeding run of 50 minutes at 325 kilocycles is saU sfactory, with a 
frequency chunge of only 241 cycles, but r:.t 6200 kilocycles the limit 
is sligttly excee ded, the frequency change being .023 per cent. The 
frequency change of the oscillator for v~.riation of the D.c. power source 
frorn 12 to 16 vol ts is shown in Table 12. This iG iiell within the 
specification lirtits. 

1/45• Par. 6-38. 'I'he frequency va.riE.tion of the hete!·odyne 
oscillator v:i th change in ambie:nt teraperature i~. shown in Tables 15 to 
18 inclusive , and Plates 8 and 9. Runs were taken with both decreasing 
and i ncreasing temperature, to eliminete the lag of t he actual receiver 
temperfrture behind t hat indicated by the thernometer. For purposes of' 
calculn tion the slopes of the two curves v;ere averaged. The avero.ge 
frequenC'J change was r,s follows: 

325 kilocycles . 38% for ~o0 c. 
6200 kilocyclos - .08% for 20°c. 

Both of these values are grenter them allowed by the specificutiono . 
A constr:nt r,upply voltt:.:.ge of 11,_ volt:;; was maintained during this tes t, 
a.nd t he receiver ,,-es v1armed up before s torting. 

146 . Par. 6-39 . No calihration charts were supplied with thi s 
equipment. 

147. Par. 7-1. The p~rts listed under this pa ragr aph in the 
specificcitions were not ~upplied. 

11+8. Par. 7-3. No spare parts were furnisted. 

149. Since p rovlsion is m&.de ir, the jnncgon box fo:-- opera ting tvw 
receivers i ndependently from the si,:u.e dynamotor, c.dditionnl tests were 
made under this condition. The supply voltage was kept ~t ll volts in 
all cases reg&rdlefl~; of the inc:reased loads . 

150. It is fmmd. that when both rece i ver 3 e.re thus connected, but 
only one l::: turned on , more pov,er is t aken from the dymunotor than ·nhen 
only one receiver i::, connected and opera .:;ing. Thi8 :it; due to the following 
paths for the dynamotor current in the second (off) receiver. 

Teroinal #78 - 1200 ohms (-side}. 
Ter□lnal //80 - 7000 ohms (+side) • 
Terminal #81 - 110,000 ohns (+side, but only if swi t ch 

of second r eceiver is on MCVi) . 
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These resi s umces are thrown in parallel r:ith those in the first r ece iver, 
on the corresponding sides of the dynruuotor, when the control switch of 
t he first receiver is turned on in either tbe "ManuaP or ".t.uto" position. 
l\ll current paths are broken ,-,i th both switches off, and operation is also 
noroo.l when both are on, except for reduction in voltages due to the 
increased l oad. 

151. When the switch of the first receiver is turned on, the hee.ters 
of only thi s receiver lj ght up . But a study of the wir:l.ng diagram shov!S 
an additional current path through the ·dndings of the relay in series v:i th 
the heaters of the second receiver. 

1 52. Table 23 shows the changes in the plate voltage supply for 
each condition . There is also a difference a t the "A" and "8" sides o' 
the junctic-n box, due to a difference in the connection of termfoal ~· 19. 

153. Table 24 shov,s the changes in the voltages a.pplied + ..> the 
automatic sensiti vity control tube. Actually this is more ner . .cly normi,l 
with both receivers turned on than witl: one off. 

154- Table 22 shows the currents taken from bat~--~ry and dynamotor. 
Viith both receivers turned on there is about & 60 pe--: cent increase in 
the total current from the stornge battery over the norm~l condition with 
one receiver. The dynrunotor current is increased to 130 milliamperes, con­
sider ably a1.10ve its r ating. Vlhen one receiver is turned off, but left 
connected, the currents are still higher than normal, due r:1ainly to the 
cause discussed in Par. 150. 

155. These curr ent 1;.nd voltage changes naturally affect the 
operation of the receiver. Table- 26 shows the effect on the sensitivity 
under the various conditions. Actuc.;.lly this is less than might have been 
expected, showing mainly that the receiver is not very critical as to 
plute voltage. 

156. It should be noted that the sensitivity with automatic 
sensitivity control changes in a slightly dif ferent manner, giving the 
grec..test discrepancy witr. both receivers connected but only one turned 
on. The effect on the action of the automatic sensitivity control is 
given in greater detail in Table 27. Three colwnns, (a), ( b), and ( c), 
are eiven to show normal oper ation with one receiver. When both receivers 
e.re connected and tur ned on, it is seen tha. t with the maximum level setting 
the initial input must be increased, but slightly better r egulE, tion is 
obtained at the lower input r atios. When one receiver is turned off the 
gr id &nci cathode voltages on t he second are decreased and a still l:igher 
input is required to gi ve the initi~l condition. The action in this case 
is quite simil11.r to thut of a single receiver as given in column (c), 
11:here the level is reduced and input increased. 

157. The results of flight tests are given in t he report of t he 
Huval Air Station, which is i ncluded herev:i th as Appendi:x B. 

158. A swnmcry of the defects noted and such items as do no t comply 
with t he requirements of reference (b) are as follows: 
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(a ) Par. 2- 12. Wooden dowels are usec. a s supports for some of the 
lov.•er frequency coils. 

(b) Par. 
complete. 

(c) Par. 

(d) Par. 

(e) Par. 

2-lJ. 

2-14. 

2-46 . 

2- 52. 

Identification mark:i.ngs and type numbers are not 

Name plates and uni i. identific&tions v,ere not supplied. 

The manual sensi ti vi ty control became noisy a t + 35°C. 

When two recei vers are operated froru the same dynumotor, 
internction is qui t e noticeable vrben one receiver is tuned to one- half the 
frequency of the other. 

(f) Par. J- 2. I tems (9), (11), (16)? (17), (18), (19), and (20) were 
not submi tted for test. Only one set of vacuum tubes , item (14), was 
furrlished. 

(g) Par. J - 3. The j unction box is 5/811 too high, due to the removable 
fuse cover whi ch projects above the upper surface. 

(h) Par. 3- 4. The current r&ting of t he dyn&motor is e~ceeded 
under some condi tions of operation. The unit is over the specified weight. 

(i) Par. 3- 5. The r eceiver unit exceeds the specified weight. Half 
riivisions ar e not engr aved on the tuning dial. 

(j) Par. 3- 7. The di mensions of the swit ch boJ< do not conform to 
the specifications , due to the use of a different mounting plHte. 11Mcr,11 

i s used as a swi tch marking instead of "Voice." 

(k) P~r. 3-9. The disk of the local. tuning cont rol is not knurled. 
There is a consi der a bl e change in frequency when the control is reset 
in t he opposite direction. 

(1) Par. 3-11. No r emote control or linkuge is provided for t he 
a.ntenna.-loop switch . 

(m) Par. 3-13. No r emot e control or linkage is provi ded for t he 
dual coil set switch. 

(n) Par. J-15. Lengths and weights of connecti ng cables show minor 
discrepancies . 

(c) Par. 3- 17. The test meter, meter holder, cable, and plug were 
not furnished wi t h the equipment. 

(p) Par. 3-18. The waterproof slip co'1er was not supplied. 

(q) Par. 3- 24. No protective caps were furnished for the plug 
receptacles of the junction box and dynamotor. 

(r) Par. J-37. Total weight of equlpment is 15 ounces over t hat 
specified, even ·1d t hout remote tuning control. 
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(s) Par. 3-39. No tool is provided for the trim.ming condensers. 

(t) Par. 5-1. Vihen two receivers are opera ted from t he same dynrunotor, 
turning t he control svd tch of one off does not break a.11 current paths in 
that :.ecei ver. 

(u) Par. ::; 10. The mica dielectric antenna trimi:ling condenser is not 
entirely satisfacto ... :'. 

(v} Par. 6-14. The MOW sensitivity is slightly outside the specifica­
tion limits at 290 kilocycles. 

(w) Par. 6- 16. The MCW selectivity does not meet t he requirements 
for the tvm lowest and two highest frequency b1;.nds. There is also a 
tendency for t he hi gh frequency ends of several bands to be outside the 
limits. Selectivity is decr eased at reduced gain set tings, as noted below 
under (aa). 

(x) Par. 6-18. The audio f idelity curve shows t he att enuation to be 
too gr eat at 3000 cycles. 

(y) Par. 6-19. The output begins to be noticeably distorted at 
250 milliiratts. 

(z) Par. 6-20. The noise ratio exceeds t he specified limit at the 
lower frequencies. 

(aa) Par. 6-24. With MCW oper ation the receiver tuni ng is shifted 
when the manual sensitivity control setting is decreased. At the s&me 
time the selectivity, at the higher frequencies, is reduced. With C\'i 
operation the oscillator f r equency remains practically constant, so that 
these effects are masked, but it is apparen t that the cir cuits are throvm 
somewhat out of alignment. 

(bb) Par. 6-31. The number of kilocycle s per division of the t uning 
dial is above the limit for the higher frequency bands. 

(cc) Par . 6-33. Dynamotor #2 became noisy after only a few hours of 
oper ation. 

(dd) Par. 6-34 . For CW t he r egulation of the automatic sensitivity 
control is not sufficiently good at the higher frequencies . 

(ee) Par. 6- 37. The frequency drift at constant ambient temperature 
for the f i rst 10 minutes of operation is too great at the lower frequencies, 
.-:hile that for the succeeding 50 minutes is very clo:se to the limit s at 
the frequencies tested. 

( ff) Par . 6-38. The frequency variation of the oscillator with 
change in embient temperature is greater than specified. 

(gg) Par. 6-39 . No calibr-'ltion char t s were furnished with this equipment . 

-17-



(hh) Par. 7-1. The parts l isted under this pnragraph in the specifica­
tions were not supplied. 

(ii) Par. 7-J. No spare par ts were fu::--ni shed. 

{jj) fii';.ile the operation of two receivers from one dynamotor is not 
specifically c~vered in reference (b), it should be noted t hat t hey are 
not completely in-:~pendent when thus connected. A full discussion is 
given in paragraphs 149 to 156 inclusive. 

CONCLTJSIONS 

159. The prelimbary Model RU-4 receivi ng equipment does not meet 
the requirements of the specifice tions, reference (b) , i n all respects. 

160. The general mechanical construct ion of the preliminary model 
is in accordance with the requirements of the specifications. Materials 
of high quality are used in all cases. The worY...manship is excellent. 

161. The electrical performance in gener al is satisfactory. Unsat is­
factory performance was found as follows: 

(a) Fr equency drift of the heter odyne oscilla tor is 
excessive, especially with change of temperature. 

(b) The audio fideii ty is poor. 

(c) The selectivity at so~e frequencies is not as great 
as r equired by the specifica tions. 

162. The outlet for crystal frequency indicat or power supply was 
incorrectly wired. 

163. Minor discrepancies betv1een actual and specified dimensions 
and weights were noted. 

1640 The dynarootor does not have ample rating to supply two 
r8ceivers simultaneousl y . 

165. The equipment will be suitable for use in Naval aircraf t 
if the contractor corrects the major defects noted herein. 

-18-



Table l 

MCW Sensitivity - Antenna. Receotion 

NOTE: Vfherever frequencies between 6000 and 8100 kcs. are used in the 
tables, the coil range 5400 - 8100 kcs . is unders t ood unless 
otherr.ise specified • 

. Hl measurements ,1ere made with 14 volts applied acro3S the 
input ter minal s of cable No. 21, 1.1.nle :-rn o t:ie1",'li se s peci fi ed. 

Microvolts Input for 
Coil Range Frequency Sta!1dard Outpu~---- ______ 
__ (Kcs!.L_ (Kcs.) Manual Auto Spec. Limit 

224 - 350 225 3.2 3.1 4.0 
290 4.7 4.5 4.0 
31.0 4.1 3.9 4.0 

350 - 51.5 360 4.0 3.8 4.0 
450 4.2 4 . 0 4.0 
540 3.8 3.6 4.0 

545 - 850 560 2.1 2.0 4.0 
700 1.9 1.8 4 . 0 
81.0 1.4 1.3 4.0 

850 - 1330 860 2.4 2. 3 4.0 
1090 2.7 2.5 4.0 
1380 2.1 2.0 4.0 

1330 - 201.0 1360 2.0 1.9 4.0 
1675 2.2 2.1 4.0 
2000 1.7 1.6 4.0 
2060 1.6 1.5 4.0 

2040 - 3000 2060 2.8 2.6 4.0 
2580 2. 7 2.5 4 . 0 
3103 2.1 1.9 7.0 

3000 - 4525 3100 2.1 2.0 7.0 
3800 1.7 1.6 7.0 
4200 1.4 l.4 7.0 
4500 1.2 1.1 7.0 

4000 - 6000 4000 2.2 2.1 7 . 0 
4200 2.5 2.1 .. 7.0 
5100 2.3 2.1 7.0 
5900 2.1 1.9 7.0 

5400 - 8100 5400 5.5 5.0 7.0 
6200 5.0 4.5 10.0 
7600 s.o 4.9 10.0 
8000 4.7 5.0 10.0 



Table lj_Qontinue,fil_ 

:11icrovol ts Input for 
Coil Range Frequency _ -- ~- _Standar d Output_ 
_(__~cs.)._ {Kcs.) •~anual Auto Spec. :µ_~it 

6000 - 9050 6200 10.4 9.a 10.0 
7600 10.0 10.0 10.0 
9000 11.8 13.6 40.0 

9050 - 13575 9000 48.0 46.0 40.0 
10500 82.0 62.0 70.0 
12500 50.0 42.0 70. 0 
13575 67.0 64.0 70. 0 

5200 - 7700 5400 4.6 4.4 7.0 
6200 3.7 3.1 10.0 
7600 4.5 J.8 10.0 



Table 2 

CW Sensitivity - An tenna Rece__£tion 

Microvolts Input for 
Coil Range Frequency __ Standard Output ______ _ 
___(J._q_~_ (Kcs.) _ t4anunl Auto S2ec ._ -~i_roi t, 

224 - 350 225 1.2 1.1 1.5 
290 1.5 1.4 1.5 
340 l.J.., 1.2 1.5 

350 - 545 360 l.4 1.2 1.5 
450 l.O 0.9 1.5 
540 0.9 0.8 1.5 

. 
545 - 850 560 0.5 0.4 1.5 

700 0.4 0.4 1.5 
840 0.3 0 . 2 1.5 

850 - 1330 860 1.0 0 .9 1.5 
1090 0.7 0.6 1.5 
1300 0.4 0.4 1.5 

1330 - 2040 1360 o.6 0.6 1.5 
1675 0.5 0.5 1.5 
2000 0. 3 0.3 1.5 
2060 0.3 0.3 1.5 

2040 - 3000 2060 0.7 0.6 1.5 
2580 0.5 0.4 1.5 
3100 0.3 0 .J 3.0 

3000 - 4525 310:) 0 . 5 0.4 3.0 
3800 0. 3 0.2 J.O 
4200 0.2 0 .2 3.0 
4500 0.2 0.2 3.0 

/~DO:) - 6000 4000 o . 5 0.5 3.0 
4200 0 . 5 0.5 3.0 
5100 0.3 0 .3 3.0 
5900 0.2 0.2 3.0 

5400 - 8100 5400 1.2 1.1 J.O 
6200 1.0 0.7 4.0 
7600 1.2 1.2 4.0 
8000 0.9 1.0 4.0 

6000 - 9050 6200 3.5 3.3 4.0 
7600 2.5 2.4 4 .0 
9000 2.5 2.6 20 .0 



Coil R.ange 
_J_.1£.~hl-

9050 - 13575 

5200 - 7700 

Coil Range 
__{Kcs.) 

221. - 350 

350 - 545 

545 - 850 

850 - 1330 

133'.l - 2040 

* Specification 

Frequency 
(Kcs. ) 

9000 
10500 
12500 
13575 

5NJO 
6200 
7600 

Table 2_{.Continued) 

Mlcrovolts Input for 
Standa:-d 0ut:mt ---- __ .. _ ... ...__, _____ . 

Manual fil!iQ_ S~ec • .Limit 

9-7 9.5 20.0 
11.3 9.4 35.0 

8. 5 8.0 35 .0 
7 .3 6.5 35.0 

1.3 1.2 3.0 
0.8 o.6 4.0 
1.2 1.3 ,.a 

Ta. b l_e....l. 

MCW Sensiti_-1ity - Loop Reception 

MicroYolts Input for Ratio of Loop to 
Frequency Standard _Q)lt pu't_ Antenna Recepti_on* 

(Kcs.) Menucl Auto Manual hY12. 

290 1.5 l.3 3.1 J.5 
340 l.5 1.3 2.7 J .O 

360 1.6 l.4 2.5 2.7 
450 2. 6 2.2 1.6 1.8 
540 J .O 2.3 l.3 l.6 

560 0.8 0.7 2.6 2.9 
700 1.2 0.9 1.6 2.0 
840 1.1 0.9 1.3 1.4 

860 1.5 1.2 l.6 1.9 
1090 2 . 1. l.9 1.1 1.3 
1300 2.6 2.0 0.8 1.0 

1360 2.1 1.9 1.0 l.O 
1675 3.0 l.9 0.7 1.1 

limit: 0.75 for 300 to 1500 kcs. 



Table -4. 

CW Sensit~~:;__t.L...::._Loop Reception 

Microvolts Input for Ratio of Loop to 
Coil Range FrequenC'J _f)tc:;.ndard Ou1ill_ut _ A.1tenna Rec(t_otion* 
-1..ill_J_ _(.K£.~J_ Manual Auto Mtmual Auto 

224 - 350 290 0.6 0.5 2.5 2.8 
340 0.8 o.6 1.8 2.0 

350 - 545 360 0.4 0.3 3.5 4.0 
450 o.6 0.5 1.7 1.8 
540 0.8 () t.. 

V•\J l.l 1.3 

545 - 850 560 0.2 0.2 2.5 2.0 
700 0.3 0.2 1 • .3 2.0 
840 0.3 0.2 1.0 1.0 

850 - 1330 860 0.9 0.8 1.1 l.l 
1090 0 .7 o. 5 1.0 1.2 
1300 0.6 0.5 0.7 0.8 

1330 - 2040 1360 o. 5 0.5 1.2 1.2 
1675 0 .7 0.4 0.7 1.3 

* Specification limit: 0.75 for JOO to 1500 kcs. 



Table 5 

MCW Selectivity 

Kilocycles di:.placeu'ient far the follov;ing per-
- -- -----~l}_t:._a_g~s of r e sonanc~i~n..s i tiv;:i,_t,.l.!__. __ 

10% 5% 1% __ , 

Coil Range Freq. Meo.sured Spec. Measured Spec. Measured Spec . 
(Kc~!) __ (Kcs.j + Limit + LimiL _-_ _±__ Limit 

224-350 225 4.9 3.9 3.8 7.3 5.0 4 .9 13.2 8. 3 8.7 
290 4.8 4.7 4 . 2 6.3 6.2 6.0 10.8 11.0 9.6 
340 5-7 5.7 7.6 7. 5 13.5 13.2 

350- 545 360 5.1 5.4 4.6 6.9 7.1 6.5 12.9 12.3 10.6 
450 6 .4 7.3 8.7 9.7 15.5 16. 7 
540 s.4 10.0 11.3 13.2 20.3 23. 3 

545-850 560 6 .8 7. 4 7.2 9.1 9.0 9.1 16.9 16.0 16. 7 
700 7.2 8. 5 9 9.5 10.9 11 17.7 19. 4 21 
840 8.2 10. 6 10 11.3 13.8 13 21.0 24.3 24 

850-1330 860 9.9 10.l 13.5 13.3 25.7 23.2 
1090 11.2 12. 7 12 15.7 17.2 16 28.0 29.6 28 
1300 13.8 15. 5 13.6 20.2 34.2 36 .1 

1330-2040 1360 11.0 13.0 15 .1 16.9 29.5 28.9 
1675 12.2 15.3 15 16.3 19.8 20 30.7 .31+ .6 36 
2000 14.0 18.8 17 19.l 24.1 22 36.4 42.2 40 
2060 14.6 19.0 19.7 24.6 37.8 43 .2 

2040-3000 2060 13.5 15.0 18.7 20.1 35.3 .34.3 
2580 15.l 18.l 18 21.2 24.0 23 38.6 4l.5 42 
3100 16.6 22.0 19 23.3 28.2 24 45.3 51.l 43 

3000-4525 3100 lJ.9 18.9 19 19.2 25.0 24 38.2 43.7 43 
3800 16.1 23.8 24 23.1 31.2 29 45 . 7 54-5 56 
4200 17.0 25.4 25 25.I+ .33.3 32 49.9 58.9 60 
4500 13.6 25 .4 27.0 34.5 52.9 62.9 

4000- 6000 4000 16.3 23.5 23.5 30.5 49.6 53.4 
4200 17.9 24.7 25 25.6 32.8 32 50 . 6 56.4 60 
5100 21.1 28 . J 30 30.4 38.4 39 59.4 69.7 71 
5900 26.1 34.1 38.1 45.2 74.8 84.2 

5400-810:) 5400 23 -4 30.0 30.2 39.l 60.8 68.3 
6200 24.8 35 .0 35 35.9 44.6 46 68.2 75.l g~ 

/.. 

7600 36.9 50.4 37 53.3 66.7 54 97. 7 121.0 99 
8000 41.8 6L,.8 58.9 79.2 112.4 139.J 

6000- 9050 6200 30.0 38.7 35 41.3 L,.8.9 46 78.4 81.7 82 
7600 39. 8 57.7 37 55. 9 74.l 54 103. 9 114.0 99 
9000 65.0 69.5 45 85 .7 88.4 59 145.4 158.4 112 



Table ..5.. j_Q.<?_Il tJ.n_\l_e_aj_ 

Ki locycles displacement for the followin$ per-
centaaes of r eson&nce sensitivity. ____ _ 

10~---=-- 5_%. ___ 1c1 
Coil Range Freq. Measured Spec. Messured Spec. Measured Spec. 

(Kcs.J __ .l~<.t.!~~ ....::...._.:+-_ Limtt. - + Limit - + Limit - •- ·-•---- ------
9050-13575 9000 43.6 59. 2 45 61.7 74.8 59 113.2 127.4 ll2 

10500 73.0 81.4 53 97.3 99.9 63 174.2 174.2 126 
12500 65.4 78.6 73 81.6 124.8 86 180.6 193.8 176 
13575 9.3.4 115.9 83 131.l 143.8 97 232 255 200 

5200-7700 5400 25 . 5 30.4 .34.8 39.8 65.5 69.2 
6200 27.2 34.2 35 37.5 41 ... 2 46 71.7 78.1 82 
7600 50.7 53.3 37 65.5 70.2 54 117.8 131.2 99 



Table 6 

Noise Ratio 

Coil Rani::e Frequency Nai rn.~ Ratio 
{Kcs.) - (Kcs. ) Pov-L_~r. Voltage* 

224 - 350 225 . 20 .45 
290 .050 . 22 
340 .045 .21 

350 - 545 360 .085 .29 
450 .035 . 19 
540 . 030 . 17 

545 - 850 560 .120 . 35 
700 .080 .28 
840 .095 .31 

850 - 1330 860 .065 . 26 
1090 .037 .19 
1300 .038 .20 

1330 - 2040 1360 .055 .23 
1675 .028 .17 
2000 .030 .17 
2o60 .030 . 17 

2040 - 3000 2060 .020 . 14 
2580 .012 .11 
3100 .013 .11 

3000 - 4525 3100 .017 .13 
3800 . 017 .13 
4200 .020 .14 
4500 .02.3 . 15 

.1,.000 - 6000 4000 .016 .13 
4200 .012 .11 
5100 . 010 .10 
5900 .010 .10 

5400 - 8100 5400 .00.3 .05 
6200 .003 .05 
7600 .003 .05 
8000 .00.3 .05 

6000 - 9050 6200 .002 .01~ 
7600 .001 . 03 
9000 .002 .04 

9050 - 13575 9000 < .001 <-03 
10500 <-001 <-03 
12500 '( .001 <-0.3 
13575 <-001 <-03 



Table 6_j_Q_g_ntinuectl_ 

Coil Range 
(Kc~---

Frequency 
(K<!s!l___ 

__ Noise Ra ___ t ___ i""'"o __ 

5200 - 7700 5400 
6200 
7600 

Power 

.005 

. 006 

. 015 

* Specification limit: 0.20. 

Modula tion 
Frequency· 
_J_Qy:clee.}_ 

50 
70 

100 
200 
300 
400 
500 
700 

1000 
1500 
2000 
3000 
5000 
7000 

Table 7.. 

Audio Fidelitz 

__ Per Cent of Maximtun Outout Voltage 
Carrier Carrier 
.l.50 Kcs. Li200 Kcs. 

76 
92 
91 
97 
99 

100 
100 
l:::JO 

94 
76 
62 
33 
9 

71 
87 
87 
92 
94 
98 
99 

100 
100 

96 
86 
62 
22 
10 

* Specification limit: at least 75% for 50 to 3000 cycles. 

.07 

.08 

.12 

Carrier 
8000 Kcs! . 

71 
89 
86 
92 
94 
98 
99 

100 
98 
92 
78 
54 
18 
7 



Tabl~-~ 

Over load -:. J.1ci·i 

34.0 Kcs. _ ]_1:)0 K~ __ ..ll,_575 Kcs. 
Input Output Inp'..lt Output Input Output 
.J!h_ JL _fil_'!- MVi µV. MW ---

1 0. 07 0.5 0.07 10 0.03 
2 0.6 0.7 0.32 20 0 . 22 
3 2.5 1.0 0.71 30 0.89 
4 7.1 1.5 3. 1 50 3.9 
5 15.5 2 8.8 70 11.4 
7 50 3 31.5 100 29.0 

10 130 4 71 150 63 
16 270 5 140 200 124 
20 280 7 250 300 210 
30 360 10 245 500 315 
50 395 15 415 700 440 
70 400 20 440 1000 465 

100 .390 50 500 2000 500 
200 335 70 500 5000 410 
400 127 100 435 7000 265 
450 lL~. 7 200 163 10000 115 
480 2.2 250 75 15000 0.55 
530 0.3 300 1.9 20000 0.11 
600 0.15 400 O.J 

Table_,2 

Opera ti ®-<2.~. _M&nual Sen si ti vi ty Control 

Microvolts Input for 
Standard Output Frequency i.::ihift 

Freq. Recep- Sensitivity Sensi ti vi ty Attenuation for Full 
(Kcs. ) tion_ Control Max. Control Zero Ratio Range - Kcs~-

450 cw 1.0 310,000 .0000032 
Mer, 4.2 --;:, 500,000 <-000008 + 2.4 

7600 cw 1.2 > 500,000 <.000002 
MCVI 5.0 > 500,000 ( . 00001 +26.8 



Table 10 

Effect of Manual Sen__sitivity Control on 

Sensitivity Control 
Setting - Per Cent 

of Maxim~----

Freq. 
Kcs. 

340 

3100 

13575 

100 
50 
20 

Input 
1~V. 

3.9 
39 

390 
3900 

39000 
390000 

2.1 
21 

210 
21'::lO 

21000 
210000 

64 
640 

6-400 
6/1-000 

* Speci fication l imit: 

Selectivity - 7600 Kcs. 

10% of Resonant 
Freguency 

Kcs. Displacement 
_-_ _+ ____ _ 

Table 11 

Automatic Sensitivity Control 

MCW 
__ Output MW 
Max. Reduced Input 
Level Level µ,V. 

10.0 1.0 1.2 
26.0 3-4 12 
28.0 J.7 120 
31.5* 4.0 1200 
34 4. 4 12000 
46 5.5 120000 

10.0 1.0 0.35 
39.5 5.0 3-5 
41.5 5.2 35 
42-5* 5-3 350 
47 6.0 3500 
54 7 . 0 35000 

10.0 1.0 6.5 
37-5 4 .8 65 
37.5 4. 9 650 
42.()-l!- 5.3 6500 

65000 

90 MV! (= output voltc,ge ratio of 

1% of Resonc,nt 
Freguency --··-­

Kcs. Displacement 

97.7 
134. 0 

cw 

+ 

121.0 
147.3 

0UY2.,.Ut MW 
Max. Reduced 
Level Level 

10.0 1.0 
100 11.6 

88 10.5 
90* 10.3 
95 10.8 

10.2 11.4 

10.0 LO 
185 12.8 
230 15.0 
245* 15.5 
245 16.J. 
270 16.8 

10.0 1.0 
255 22.5 
305 25.0 
315* 27.5 
350 32.0 

,, 
;, t o 1). 



Freq1.1ency 
_l_Kg__s_ 0). -

450 
8000 

Table _1_?. 

Vadation of D.C. _;::;ucol y Vol.tu@ 

___ C-'-h_u_nge in 0sci11 ... L_tor_.f_reguenc:L..._ ___ __ --··-
14 to 16__Y2_l_t:,p__ 14 to 12 y9Jj;p __ 
Cycle.§. Per Cent Cycle..£. 1'~1' Cent 

- 45 - .010 
-252 - .003 

+ 60 
+46/~ 

+ .013 
+ . 006 

Specific&tlon lirr:it: 0.02 per cent or 250 cycles, for 1~'. to 16 volts. 

Table 13 

Freouency Stc.ibili_!;/ - MCVi 

Time* 
(Mim1,_tetl 

0 
10 
20 
30 
40 
50 

Output 
MV~_ 

10.0 
10.0 
10.0 
10 . 0 

9 -9 
9.7 

* Receiver ·:,·armed up be fore stt.rt of test. 

Change in Output 
_(pe_r~ntL __ 

0 
0 
0 
0 
1.0 
J.O 



____ Change in Oscill&. to1· Freg_ue nc:,•-lHI- __________ 
Time-~ 325 - Kcs. ·-- - 6200. Kcf; •. _ _ . .. __ . 
, . . . ~ ) Cycles Per Cent Cycl~_ Per _9ent lf_:i.nu ... es_ ----

0 0 0 0 0 
0. 5 -305:: - 0.91.. -211 -.003 
1 - 3120 -0.96 - 559 -.009 
1.5 - 3161 -0.97 -741 -.012 ,., 
,:_ -J.200 -0.93 -855 - .011; 
3 -3256 -1.00 -997 - .016 
4 - 3297 - 1.01 -1065 -.0.17 
5 - 3335 -l.02 - lll8 - .018 
6 - 3357 -l.03 -1200 - .019 
7 -3372 -1.0/4 -1227 - .02.0 
8 -3388 -l.0/4 -l~'.42 - .020 
9 -3393 -1.04 l '"'c: ,; 

- .t.~_.;.,J -.0.20 
10 - 3399 -l.05 -1;~86 - .021 
11 - JL,07 -1.05 -1319 -.021 
1;: - 3411 - 1.05 -1.345 - . 022 
lL,. - 3426 -1.05 -1389 - .022 
16 - 3/434 -1.06 -1426 - .0;:3 
18 -JL;i.;;, - 1.06 -ll70 -.021. 
20 - 3/4 51 - 1.06 -1519 - .024 ,,..., 
,_,:_ - 3462 -1.06 -1573 -.025 
21, - 3471 -1.07 -1634 - .026 
26 - JL,.81 -1.07 -1705 - .027 
28 -3490 - 1.C-? -1767 - . 028 
30 - J/+99 -1.08 l "' ~,.. - oj I -.030 
32 - 3510 -LOS -1903 - .031 
34 - 3517 - 1.08 -197~ - . 032 
.36 - 3527 -1.09 -2036 -.033 
38 - 3541 -1.09 -2096 - .034 
40 - 3552 -l.C-9 - 2154 -.035 
42 -3562 -1.10 -2216 - .036 
44 - 357;2 -1.10 - 2273 - .037 
/46 - 3580 -1.10 -2335 - .038 
Lj8 - 3589 -1.10 -2394 -.039 
50 -3597 - 1.11 -21+51 -.0/40 
52 - 3608 -1.11 - 2509 - .041 
54 - 3617 -1.ll -2571 - .041 
56 - 3625 -1.12 -2621 - .0/42 
58 -36.32 -1.12 - 2665 -.0/4.3 
60 - 36/40 -1.12 - 2710 - .O/.J-1 
65 - 3659 -1.13 -2822 - .045 
70 -2934 -.0i;7 

-~ Froru cold stcrt . 
** Specificnti on limits : 0 to 10 min.: 0.05r or 250 cycles. 

10 t o 60 min.: 0.02% or Z50 cycles. 



Table 15 

fil KcB. - Decreasi.Qis Ter.iper[, ture. 

Time Temper&ture Chan_g_§_ in Oscillator _Freq_!len~ 
_Q[tirp te ~J_ Degrees c. Cycles Per C~.ri1 

0 +2.3.9 +98 +.0,30 
2 +23 •'4- +'7< ,.,, +.022 
4 +a.3 +40 +.012 
6 +19.0 +28 +.009 
8 +17.l +18 +.006 

10 +15.3 +10 +.003 
12 +13.8 0 0 
15 +11.7 + 6 +.002 
20 + 8.9 +37 +.011 
25 + 6.3 +81 +.025 
30 + 4.3 +143 +.0-44 
35 + 2. 5 +209 +.064 
40 + 1.0 +285 +.088 
45 - 0.3 +.365 +.ll~ 
50 - 1.4 +423 +.130 
55 - 3.0 +507 +.156 
60 - .4.3 +58G +.179 
65 - 5.3 +659 +.20 
70 - 6 .4 +735 +.23 
75 - 7.3 +787 +.24 
80 - 8.1 +8/41 +.2.6 
85 - 9.r +925 +.29 
90 - 9.8 +977 +.30 
95 -10.5 +1024 +.32 

100 - 11.l +1070 +.33 
105 -11. 5 +1116 +.34 
110 - 12.l +1160 +.36 
115 -12.8 +1201 +.37 
i;:;,o -13.2 +1244 +.38 
125 -1.3.6 +1287 + • .l.O 
130 -14. l +1.330 +.L..l 
l-:- t: ,/.,) -lL:-• 5 +UJ.6 +.4.3 
140 - lL,.9 +lL,65 +.-4.5 
lii-5 -15. 2 +1501 +.L16 
150 -15. 5 +15.32 +.L,7 
155 -15.8 +1555 +.11-8 
160 -16.1 +1583 +.49 
165 -16.4 +1611 +.50 
170 -16.7 +1633 +.50 
180 -17.2 +1682 +.52 
190 -17.7 +1723 +.53 
200 - 18.3 +1762 +.54 
ao -18 .8 +1800 +.55 
240 -20.0 +1925 +.59 



Effect of Var_i§.!j:.ion of fi!n.!>1-ent Temper&ture 

.fil_.Kcs. - le creasing_ TemoerE. ture. 

Time Temperature ChcJ.nge in .9sciJ,J,.f:1_t.9_r_ fregueng, 
(Minu tes) Degrees C. Cycles Per~nt 

0 -20.2 +1925 +.59 
5 - 18.8 +1941 +.60 

10 -16.J +1960 +.60 
15 -15.3 +1960 +.60 
"" ,:,u -14.3 +1946 +.60 
25 -13.4 +1926 +.59 
30 -12.0 +1899 +.58 
35 -11.0 +1864 +. 57 
40 -10.0 +1823 +. 56 
45 - 9.0 +1792 +.55 
50 - 8.0 +1751 +.54 
55 - 6.7 +170.3 +.52 
60 - 5.6 +1661 +.51 
65 - 4-5 +1609 +.l9 
70 - 2.6 +1561 +. L,8 
75 - 1.3 +1501 +.46 
80 + 0.2 +1438 +.4/-1-
85 + 2.0 +1372 +.42 
90 + 3.8 +1304 +.40 
95 + 5.7 +l.225 +. 38 

100 + 7.8 +1169 +.36 
105 + 9.6 +1063 +. 33 
110 +11.4 + 974 +.30 
115 +l.3.2 + 894 +.28 
l.W +15.2 + 835 +.26 
125 +16.9 + 757 +.23 
lJO +18.7 + 655 +.20 
135 +20.3 + 557 +.171 
140 +22.2 + 485 +.11 .. 9 
145 +23.8 + 372 +.115 
150 +25.5 + 261 +.080 
l:>5 +27.0 + 157 +.o,.a 
160 +29.8 0 0 



Table 17 

Effec t of Varic.tion of P.m"!:iicn t Tempera tu~ 

6200 Kcs. - Decreasir.g Te~.2.,eEEture. 

Time Temperature Chs..n~e in Oscillator Fresuency 
ihl_tnutetl Degrees C. Cyc],,es Per Cent 

0 +16 .2 0 0 

5 +11.4 +294 +.005 
10 + 7 . 7 +375 +.006 
15 + 4.5 +459 +.007 
20 + 2 .0 +561 +.009 
25 - 0 .4 +731 +.012 
30 - 2 . 3 +922 +.015 
35 - 3 .8 +1105 +.018 
40 - 5.3 +1331 +.021 
45 - 6.2 +1535 +.025 
50 - 7 . 5 +1778 +.029 
55 - 8.5 +2055 +.033 
60 - 9.4 +2340 +. 038 
65 -10.2 +2616 +.042 
70 - 11.1 +2881 +.046 
75 -12 .0 +3128 +.050 
80 -12 .7 +3368 +.054 
85 - 1.3.3 +3604 +.058 
90 -13.8 +3707 +.060 
95 -14.L .. +3897 +.063 

100 -15.0 +4088 +.066 
105 -15.4 +4255 +.069 
110 - 15.9 +4404 +.071 
115 -16 . 3 +4542 +.073 
120 -16,7 +4689 +.076 
125 -17.1 +4808 +.078 
130 -17.5 +4921 +. ·0-19 
135 - 17.8 +5035 +.081 
140 -18.1 +51.31 +.083 
145 -18.4 +5219 +. 084 
150 - 18.6 +5305 +.085 
155 -18.9 +5372 +. 087 
160 -19 .1 +5456 +.088 
165 -19 . 5 +5515 +.089 
170 -19 .8 +5556 +.090 
175 - 20 . l +5610 +.090 
180 - 20.3 +5654 +,091 



Ta.ble 18 

Effect of Varil:".tio!!_ of Ambirmt Temperature 

6200 Kcs. -_J:p.creasing Tempera ture. 

Time Temperature Ch~nge in Oscill&t or Frequency 
(Minutes} Degrees C. Cycl~ Per i;ent_ 

0 -24.6 +7253 +.117 
5 -23-5 +7257 +.1J7 

10 - 21.5 +7277 +.117 
15 -20.0 +7249 +.117 
20 -18.9 +7169 +.116 
25 -17.9 +7o63 +.114 
30 -17.l +6951 +.112 
35 -15.2 +6790 +.110 
40 -1.3-.l +6621 +.107 
45 -11.4 +6353 +.103 
50 - 9.8 +6120 +.099 
55 - 8.0 +5871 +.095 
60 - 6.4 +5608 +.090 
65 - 4.9 +5337 +. 086 
70 - _3.2 +5041 +.081 
75 -"- 1.9 +4735 +.076 
80 + 0.3 +4/41~5 +.072 
85 + 3.0 +4189 +.067 
90 + 4.2 +3800 +.061 
95 + 5.7 +3433 +.055 

100 + 7. 5 +3082 +.050 
105 + 9.5 +2747 +.0114 
110 +11. 2 +2389 +.039 
115 +l;,.O +2043 +.03.3 
120 +lL; .• 7 +1679 +.027 
125 +16.1 +1313 +.021 
130 +18.3 + 980 +.016 
135 +19.5 + 542 +.009 
140 +21.7 0 0 



Coil Range 
(Kcs.) 

221. - 350 
350 - 545 
545 - 850 
850 - 1330 

1330 - 2040 
2040 - 3000 
3000 - 4525 
4000 - 6000 
6000 - 9050 

{ 9050 - 12000 
12000 - 13575 

5400 - 8100 
5200 - 7700 

Freq. Tuning 
(Kcs.) Control 

450 Locnl 
Remote 

8000 Local 
Remote 

Tuning Charocteri s t i cs 

Kilocycles _per Division on Ditl 
.As Meusured Spec. JJmi t 

1.4 8 
2.1 8 
3.6 8 
5.5 8 
8.6 8 

13 16 
18 16 
23 16 
34 30 
51 40 
52 45 
31 16 - 30 
29 16 - 30 

T&ble 20 

Resettabili t y 

Per Cent Chlmge in Frequency aft~_r Reset 
From Lower F'rom Higher 
Sc&le Reading Scale Rea~~ 

.070 

.015 

.01.3 

.015 

.007 

.024 

* This ·1tas the direction of tl1e oz-·iginnl scttine. 
** Reduction in &udi o output f rom 10.0 to 9.2 Mt'i, or 87; . 



Intercl:w.ngec1bili ty of Coils, Ser id #1 a nd #2, 

in Receiver Serial iiJ....:: . 

Co.i) tf.l Coil __ #2 __ 
Coil Ra.nge 

(Kcs.) 
Freq. Receiver Sensitivity Receiver 

(Kcs.) Tuni ng_ M.Q!L cw 

545 - 850 560 10.8 2.12 0.51 
840 88.J l.39 0 -~ .j,:; 

5400 - 8100 5400 10.4 5 .,. 1.33 
7600 84.2 5.1 l ?C • . /:J 

Table 22 

Current Taken by Recei vers. 

One Receiver Connected 
at the Junction Box 

On A side 
On B side 

T•;•10 Receivers Connected 
at the Junction Box 

Only A side "on" 
Only B side "on11 

Both "on" 

Battery 
Current 

Amp.* 

6.1 
6.1 
7.9 

* St&rting current for one r eceiver: 9 amp. 
-~f Dynl.motor rc,ting: 100 m.a. 

Tuning 

10.5 
87.9 

10.l 
83.7 

Sensitivity 
MCi"i CW 

1.80 0.54 
1.35 0.35 

5.9 1.40 
/t-9 1.24 

Dynumotor 
Current 

___£4._~A.¾-¾-

75 
76 

113 
112 
130 



Table 23 

Vol to.,~e Output of I}rnumotor-PoDi ti ve Side. 

One Receiver Connected 
at the Junction Box 

On A side 

On B side 

Two Receivers Connecte d 
e. t the Junction Box 

Only A s ide 11on 11 

Only I3 side "on" 

Botn 11on 11 

Vol ti.ge to Ground from 
Terminal in Junction Box 
No. 79 No. 80 

2.34 262 
262 262 

267 259 
259 259 

234 256 
256 256 

269 254 
254 254 

214 229 
229 229 

Tacble _M 

Socket 
at which 
Mec.1sured 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

Vol tn,,e on !!..l!:_t_orn-,,,tic Sensit,lvi ty _Q_~nt:r..~l.~~11.~e ;-Jeasured 
Across the Tapp¢ _Re:..;i::;tor on Receiv~r No. 1, which 

is Connected nt _B Side of J~nctio!'l Box. 

Only .!tecei•,;:ir No. 1 Co!1nected 
at the _,Lu_ncti?,l'!. -=-B:c.::o:.:::x~--

No. l "on 11 

No. 1 "off11 

Both No. 1 and No. 2 Connected 
ot tne Junc tio~ Box ____ _ 

No. l "on"; No. 2 11 0ffll 

No. l "on"; No. 2 "on" 

No. l 11off11 ; No. 2 11on" 

Recci'ler No. 1 
Switch 

M~nU[sl 
Auto 

Off 

Manuc::.l 
Auto 

Manuhl 
Auto 

Off 

Volta_g_e~<?_f_oss Resistor 
Grid TJill. Cathode Ta.2 

87 
82* 

0 

64 
63 

74 
7/4 

65 

78 
75* 

0 

58 
57 

68 
67 

57 

* Unreliable :)eco.use of in~te.bili ty, due to tb:: receiver being out of the 
Cc'tllnet. 



Interaction of' Tvm Rece.i ver·r, ,,hen Opo:~'.1ted - -- -,-. .------- ·· --- ·-·-- ---- -
fro!a _ the sn.ne I]ynamo tor Unit. 

In_put 
Conditions 

V,'i thout un tennae 

r1 it:iou t s.n tennae 

Antenna on No. l only 

Anteff:rn. on No. l only 

Antenna on No. 2 only 

Antenna on No. 2 only 

Wi t :1ou t antennae 

Antenna on No o .l onl y 

An tenna on No. ~-
,:_ only 

Frequency of Receiver 
Ttming - K~5-~--

Noo 1 No. 2 

3100 3100 

6200 6200 

3100 3100 

6200 6200 

310:) 3100 

6200 6200 

3100 6200 

3100 6200 

3100 6200 

Neither oscillator heard 
on other receiver. 

Oscillator of one r eceiver 
faintly he&rdGQn8other. 

No. 2 oscillator he<1rd on 
No. l. 

No. 2 oscill.:;tor he&rd on 
No. l. 

No. 1 oscillator heard on 
No. 2. 

No. l oscillator hea.::-d on 
No. 2. 

No. 2 oscillator hea~d on 
No. l.* 
No. 1 oscillEt tor not heard 
on No. 2. 

No. 2 oscillator heard on 
No. l. 
No. l oscill9tor not h2ard 
on No. 2. 

No. 2 oscil I.a tor hei1rd on 
No. L-~ 
No. , .. ~scilla tor hel.rd on 
No. 2. 



Table 26 

Changein Sen~~ltivi ty when Two .Receivers are 

QQ.era ted from .. the . Sa me J2irlo mo tor . U:-ii t . 

Senni tivit y of receiver No. 2 at 3100 kcs. 

Mic::-ovolts !_~_put for Standard Out_put 
Only Receiver No. 2 Connected 
__ a_t"--_the Junction I3o:.:::x::...... __ 

No. 2 "on" 

Both No.land No. 2 Connected 
- -~a~t the J unction Box 

No. 2 "on"; No. l "off" 
No. 2 "on''; No. 1 "on" 

___ MCJY.___ __ CW 
Man uG.1:_ Au to 

1.8 

1.85 
1.95 

1.7 

3.0 
2.0 

Manual 

0.32 

0.40 
0.44 

Auto 

0 . 30 

0.58 
0.1+4 

The sensitivity i s also slightl y affected by rota tion of the manual 
sensitivi ty control of Receiver No. l. 



Input 
Ratio 

l 
2 
3 
5 
7 

10 
100 

1,0:)0 
10,000 

100,00:::> 

1 

.Action of Autorni:.Uc Sensiti vity Control When Two 

Recei7·ars are _ 0...2erat11d f rom the Sa.me 

_Qynamo tor Unit. 

__________ _ Output in l,iilliwn.tts . _______________ _ 
0nlv Recei'1er .12 Connected #1 and #2 Connected 

(a) Max.~(b) Max. c Reduced Both a t Max. Level 
Le'1e]: Le'lel_ Level #1 "0ff11 #1 11Aut9~ 

10.0 35.0 
31.0 41.0 
38.0 43.0 
43.0 44.0 
44.0 45.0 
46.0 46.0 
49.0 48.0 
50.0 50. 0 
54.0 53.0 
63.0 86.0 

(1.6) (4.0) 

10.0 
lJ.O 
13.7 
L~. l 
14.4 
14.6 
15.l 
16.0 
17.7 
25.2 

(4.0) 

10.0 
14.0 
15.1 
16.3 
17.0 
17. 7 
21.3 
24.3 
31.0 
48.0 

(2.7) 

10.0 
21.l 
27.2 
31.0 
32.6 
.34.0 
40.2 
46.0 
53.0 
76.o 

(2.0) 

Ini. tial i nput i n microvol ts for each column is given in parent:1eses. 

All. J1ensureJ1ents mo.de on r eceiver #2 at 3100 kilocycles - MCW. 



i'ie~h ts of Uni ts 

Receinr (wit:iout tubes) 
Receiver &nd single fre(.Juency (;Oil set 
Receiver mounting base 
lrJnnmotor unit 
Ju."lction box 
Switch box 
Remote tuni:ig control 
Remote t uning cable 
Coi l set, sinele frequency 
Coil se t , dual frequency 
Coi l set container 

Vi'eii;ht 
Lh. Oz. 

11 8 
13 4 

10 
9 4 
2 0 

14 
14 

1 3 
1 12 
2 13 

8 

Length 
Ino 

VieL~ht 
Connectj.ng Cables 

#133 
#131~ 
#135 
# 21 

110 
46 
60 
50- 1/2-::-

Lb, oz. 
l 14 

12 
1 0 

11 

Spec. Lim.i.L 
Lb . Oz. 

12 14 
10 

9 0 
2 0 

13 
16 

1 14 
l 12 

10 

S2ec. Lill!:tL_ 
In. Lb. Oz. 

108 l 12 
42 15 
56 1 3 
48 13 

Total -r1eight with tubes and single frequency coil set, but with QQ_ remote 
controls - JO 1 b. 15 o:. 

* To end of shieldo 



Table _29 

(Me:;.sured in inc:::tes) 

Unit 

ReceiYer cubinet 
Receiver mounting bc.sc 
Receiver unit complet~ 
Dyna.inot•:>r unit 
Junction box 
Swit~h box 
Remote tuning contr ol 

* Over the specification limit. 

15 
15- 9/16 
15-9/16 
7-3/8 
7-3/8 
5-1/16* 
5-3/4 

7 
6-1/4 
7-1/4 
4-3/8 
5- 1/2 
3-5/8 
3 

Height 

6 
1-3/4 
7-3/4* 
6 
2-25/32* 
2-3/8-'{.-
2- l/2 
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Refer to No o 
F42-1(7)/NA6 (78} 

From: 
To : 

U.S. NAVAL AIR STATION 

At'JACOSTIA, D.C. 

Comm"":ndinz 0fficero 

April 9, 1936. 

Director, Naval Re:;carch Laborator:y, Anacostia 
Station,.D.C. 

Sut>ject: Radio - Aviation - Flieht Tests of Model RU- 4 Receiving 
Equipment. 

Refer ence: (a) NRL letter F42- l/46, of 21 lfove:nbtH' 1935 . 
(b) Bu.Eng. letter, F42- l(ll-3-VO) of 17 November 1931.,, 

to NRL, and NAS, Anacostia, D.C. 
(c) Bu.Ene. let ter N0s-L,.2340(2-6-VO) of 19 February 19.36, 

to nm, New York, NAS, Anacostia, and NRL, A.nacostia 
Station. 

En~losure: (A) :JAS, &."Wcostia , Memorandum, dated /., February 1936, on 
Bu.Eng. RU-4 conference of seme date. 

1. T-,ro contractor' s models of the subject equ:i.pment, serial nur.ibers 
1 and 2, v.-ere received fror:i the Naval Reseurch L&bora tory 3 November 1735, 
and •:rere given ground tests at this station during the period from 21 
:1ovember 1935, to 4 Februa-:-y 1936. The equ.i..pment was flight tested both 
ln a Bellanca Cllbi n transport monophne XRE-1, No. 9838, and in an 03U- l 
observation bipltine, No. 8810, during an aggregate flight time of about 
fifteen hourso 

2. No opport rmity was had to fligh t test & dual recehrer install[.ti::m, 
e specially in conjunction with a standard putrol plane radio install& tion. 

3o In com9l iance with the Burf;au of Engineeri ng conference decision 
of 4 February 1936, one equipment (Ser. No. 1) vms turned over to a 
representative of the contractor; tho second equipmcmt is still on hund at 
tnis station, subjec t to further disposition as may be di rected. 

4 . Enclomire (A) conta i:ls the principal findings of this station, 
based upon the flicht t ests and ground exv.mint.< tion of the subject equipment; 
addi tiona.l verba l comments., mr;lcie at the Bureau of Enginclering conference 
of 4 Februa r-y 1936, !1ave been incor·porated in enclosure (A) accompt,n:,ring 
refe rence (c)o 
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F42- 1(7)/NA6 ( 78) NAS ANi,COSTii. 

Subj ect: Radio - A-via ti.on - Fl:ight 'I'ests of Model RU- 4 Receiving 
Equiprnen t c 

5o Referrin,:; to reference (a), paragraph 2, the following coirunents 
are :nc,de: 

(a) Inst.all.ation, adjustment, and operation are generally 
satisfactory, except as noted in reference (c) a nd 
enclosure (A)o 

(b) The receiver tu."les sat.i sf&ct orily with vs.rious ty;>es of 
aircraft lintennae, an d requires no readjust:nent of 
antenna aligm1en t condenser in normal use wi t h any given 
antenna (except loop)o 

(c) Receiver interaction was not t es t ed in flight. 

{d) The AVC action uppears to be generally satlsfactory, 
both on CVi and MCVl reception, e:xcept that the inherent 
reco-.,er.;r t.L11e from strong interfering sic;nal a renders 
the AVC position :.msui table for break- in keyi ng. Re­
ten t ion of the present time cons tan t is believed desirable 
for gener al utility, however. 

(e) Fliuht no i.se levels at various freq"Uenc.ies varied bet,,een 
Oo3 and 2. 5 vol ts , a1J1ost entir ely as a rem.tl t of 
i:nperf'ect shi elding of the airplane i eni tion systems. 
The n·.Jise level inherent in the receiver ww.s not considered 
excessi ve, eithe r on MVC or AVC . 

(f) No varia t ions i ·~ sensitivity or output ·•aere noted e. s a 
function of direction of t un~ng adjus t:nent. 

(g) Operation of the receiver with tne fixed wing type of 
directi on find.ine loop was sa tisi'actory, as long as 
the trailing on tenna Y,as reel ed in ., VIi th a smaller 
loop, such as the 11 head-res t 11 type employed in single­
seat airplanes, the loop trimHring 1::.djustJ1ent was quite 
criti cal and varied a::; a functi on of receiving frequency, 
us ex9lained in paragr~_:)h 2(a) of enclosure (A) . 

6. With the chen6es req":..lired by r ef erence (c) i ncorporated, thts 
station considered the subject equipmen t to be sui t able for its intended 
use in the Naval service. 

K. McGinnis. 

Copy to: Bu. Aero. (2) 
N oAoF O (1) 
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Memorandum for Fileso 

Uo So NAVAL AIR STATION 
ANACOSTIA, D.Co 

4 February 19.36. 

Subject: BuEng o Conference 4 Feb. 1936, re RU-4 Receivers. 

1. The subject conference at which the undersi gned represented 
thP. Naval Air Sta.tion, Anacontia, was attended by Drs. Hull and Drake 
representing the contractor, Messrs. Schrenck and MacGregor of N.R.L., 
Lieut. Comdr. Goggi ns , Lieut. Cogswell, and Mr. Wright of Bu.Eng. 

2. The fol lowing points were brought up or discussed by the 
Anacostia r epresentative : 

(a) Anacostia. t es t dat a were produced showing that any given loop 
v1i ll match the an t enna t r i mmi.ng only at a single frequenc-,r on any one 
set of coils, and that the trimming (or r esonant loop constants) var-y 
over a wide r ange for any coil set, and are different f or each 
successive coil set. With low-resistance loops like the fighter head­
rest type, this mi s-matching frequently results in loss of 80 or 90 per 
cent of the sensitivity, when switching from antenna to loop, or vice 
versa, without re-trimm.i.ngo The tri:runing for the "Specification loop" 
of 200 microhenrys and 50 mmfd matches the t rimming for the 
specification antenna of lJO rnmfd at a.bout 700 kcs . , when using the 545-
850 kcs. coil unit; if used with an antenna of about 65 mmfd, trimming 
will be matched at around 540 kcso The si:nplest way t o make the antenna 
and loop trimming agree, if the loop constants permit, appears to be by 
use of the internal trimmer bui l t i:ato the receiver to t rim the loo:e to 
tne desi::::-ed hombg frequency, and then to make any necessary readjustment 
of t r imming for the anJ~l'l!la by a small adjusta.ble condenser inserted 
externally at the antenna terminal post. Anacostia should check 
built-in loop t ypes, on airplane types under test, for compliance with 
desirable characteristicso 

(b) &J means of oscillograms taken at Anacostia it was shown that 
with one of the two 0.5 mfd. sections of the detector cathode by- pass 
condenser disconnected, the receiver 11unblocking 11 titne was decre&.sed from 
tne original value of 0.1 second to about .055 seconds, with resultant 
increase i n break- in operating speed t o about 20 words per minute . It 
was agreed that this speeding up of tne r eceiver restor ation 1/'laS desirable, 
even though it involved a slight loss of r e sponse to the lower modulation 
frequenci es below 200 cycles. The r eceivers should oe supplied with the 
unused condenser section left disconnected, to permit addi~g a jumper at 
any time for the restoration of response to the lov1 audio frequencies, 
as for example for a r eed converter or "right-left" indi cator use. 

(c) The need was pointed out for a protective feat ure to enable 
rapid chs.nging of coil unit s while keeping the receiver turned~· The 
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contractor off ered to do t hi s by addition of a single bakel ite guide rod; 
prev~nti!'lg coils to be inserted upside down, and offerine all neces:3ary · 
protect i on. He has al~eady done thi s in cer t ain equipment for the 
ArrrrJ. 

(d) Desi~ability of leaving OPEN, rather than GROUNDI NG, the an tenna 
for loop recep t ion v;a s pointed out; it was agreed, however , tnat this 
w&s relatively unimportant as long as the frequency did not approach 
antenna r esonance, and that stray capacity coupling from an ungrounded 
antenna contact i n the transfer switch would be difficult or impossible 
to avoid, with resultant impai rment of direct ional bearings. 

(e) Wrongly wired juncti~n box auxiliary outlets ar e being corrected 
by cont rac t orD 

(f) Incorporati~m of a fixed r esistor was suggested to drain static 
charges off the antenna, as encountered in certain rain or snoa storms. 
In view of the conf licti ng and inconclusive evidence on the nature of 
such static encountered in flieht, no fur t her action was t aken. 

(g) I t was agreed that addition of a heavy engraved DOT, to mark a 
reference point on both the antenna trimmer &nd volume control knobs, 
would be desirable f or re-set and notation purposes. 

(h) It was sugges ted that the level obt ained with the A.V.C . be 
adjusted by s hift of cut - off point rather t han by attenuat ion in the 
head-set circuit, in order to r etain ;naxi.:num sensitivity t o the weaker 
signals. Dr. Drake stated this might be feasible t o a certain extent, 
but in the more sensitive condition may give rise t o recei ver inst~bility, 
and in any event would require some research. He sugges ted an alternate 
improvement, immediately applicable, by substitution of a potentiometer 
type of resistor the headphones (with the s l ider connect ed to the r eceiver 
out;,iut) in :;:>lace of the plain adjustable shunt resis tor now used for AVC 
level adjustme~t, so that this adjus tment would not aff ect the side tone 
when used in conjunction with GP class of equipment. It was agreed that 
this feat ure would be desirable, if further check showed it applicable in 
subject recei vers. 

(i) Despite wide-spread use on Manual volUIJle control, .Anacostia 
represen:ative f avored retention of AVC feature because of value in 
formation flying, etc. No el imin~tion of AVC proposed a t present. 

(j) Contractor states that up to presen t time the 50-step Allen 
Bradley volume control resistor, despite its shortcomings, appears to 
be the most dependable type. Recent ionprovements have been made i n it. 
A recentl y developed conti nuo~sly variable t ype looks very promising, but 
has not yet proved thoroughly dependable. 

(k) Anacostia representa tive suggested opti:nur.1 receiver output 
impedance of 300 r a t her than 6 00 ohms be requir ed i n future specs. 

(1) Agreed that supply voltage variati on range of 11 to 15 volt s was 
more rcpresent~tive of service conditions than pr esent specified t est 
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range of 12 to 16 volts; should be changed in future spec. 

Malcolm P. Hanson 
Radio Engineer. 

Encl. (A) - CoO., NAS, An&costia, letter 
F42-1(7)/NA6 (78) of 9 April 1936. 
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