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DECLASS1FiED 
(3) The i-f rejection meets the requirement 

except on frequencies which are har;:ionics of t he 
intermediate frequency. 

(4) Bands A and B do not meet the resonc..nce 
stability requirements for t emperature varia t ion. 

(5) The receiver meets the requirements for 
undistorted power output at all specified frequen­
cies except 200 cycles. 

(6) The automatic sensitivity control meets 
the requirements when the input necessary for 50 
milliwatts output is 5 microvolts or more. With 
lower values of input voltage which necessitate 
approaching full gain for 50 milliwatts output, 
the receiver does not meet the requirements . 
Since the value of input voltage is not specified, 
it is concluded that the equipment meets the re­
quirements. 

(7) The 11Q11 of the loop does not meet the 
requirements . 

(8) The l oop movement to obtain full scale 
right or left indicc:.tion e.nd the right o.nd left 
beari ng agreement do not meet the requirement s 
on all frequencies. 

(9) The equipment does not meet the require­
ment s for weight and dimensions in all instf:Ilces. 
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J:!..ecommendaticns 

As a result of these t ests, it is recow.mended: 

(a) Tr.~t the e~uipment be considered unsatisfactory for 
Naval aircraft service use until the manufacturer demonstrates 
t hat he can correct the deficiencies herein noted to the satis­
f action of the Bureau of Engineering. 

(b) T'nat the specifi cations be checked for requirements 
as to 11 frequency stability for a.r:ibient teraperaturE: change versus 
t emperature coefficient of the crystals." Paragr;;:.ph 3-9 gi ves a 
t olerance of 0.01% while t he frequ~ncy stability under Production 
Tests (6-13-6-c-l) gives 0.005%. 

(c) . That the specifications be checked for requirements 
as to dimensions of receiver control box. Paragraph 3-2(11 ) and 
attached drawing are not in agreeoent . Also paragraphs 2- 29 and 
4-2(2) concerning the housing for the visual course indicator are 
not in agreement. 

{d) That the changes listed in refer€nces {h) and (i) be 
incorporated in the equipment with t he exception of that of para­
graph 3- 33 of refor8nce (i). This paragraph should be chenged to 
read, 1iThe undistorted power output at 400 to 2500 cycles taken at 
that point at which the receiver output voltage contains 10% t otal 
harmonics sh-:0.1 not be less than 400 milliwatts." 

DECL/2S01FIEO -2c-



DECLl\SSIFIED 
~J'AIBNT UNDER TEST 

4 . The transmitting equipment consi sts of a four channel trans­
mitter , control box, dynamotor and connect ing cables. The transmitter 
consists of four crystal controlled channels which may be t uned to any 
crystal frequency in the band of from 3,000 to 7,000 kilocycles. Four 
frequencies rr.ay be set up at one time and the changing of f r equencies 
is accomplished electrically by a motor con trolled at the pilot I s con­
trol box. The transmitter is of the cryst al oscillator - power amplifier 
type usi ng the same tubes for all frequencies, switching only the as­
sociated coils. A common modulator and amplifier for microphone pick-up 
is provided, plate modulating the power amplifier tubes in the trans­
mitter. All cont rols are f or screw driver tuning only, the oscill ator 
controls be ing provided with a locking device . The equipment is for 
voice trcnsmission only. It is designed to operate off the airplane 
battery, a dynamotor furnishing the necessary plate supply. 

5. The receiving equipment consists of a convent ional super­
heterodyne receiver and visual homing indicator circuit s. It may be 
used for the reception of phone, cw, and mew signals within the fre­
quency r ange of 200 to 16o0 kilocycles and 2 t o 8 megacycles. There 
is, in addition, a f ixed frequency of 278 kilocycles. The frequency 
range, including the f ixed f requency, is c overed by six elect rically 
switched bands. The equipment is designed f or remote control only. 
A renote control unit, a re~ote t uning unit, dynamotor, lef t-right 
indicator, l oop antenna and associated connect ing cables are a part 
of the equipment . The entire power source i s obtai ned from the air­
plane battery. 

METHOD OF TEST 

Transmitter 

6. Power input . The d- c el ectrical input was measured at a 
battery voltage of 13 volts by means of an ammet er in series with the 
leads connecting the dynamotor to the battery. Measurements were raade 
simultaneously with carrier power measurements. 

?. Carrier power output. The carrier power output into a 
dummy antenna was measured by reading t he antenna current a t the· 
ground end of the dummy antenna by means of an r - f amme t er previously 
calibrated at a frequency of 6o c . p.s. The dummy antenna consisted 
of a combi nation of Ward Leonard plaque resis t ors and an a i r condenser. 

8. Frequency range of channels. Each channel was tuned to each 
crystal supplied between 2950 kilocycles and 7050 kilocycles or eleven 
crystals i n all as follows : 

2950 kilocycles 
3000 
3105 
3120 
3130 
4220 
5200 
u,:_.1.u 

6630 

~g~g DECLASSIFIED 
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nFr.ti1 ~~tFfEr~ 
9. Frequency drift with 8.I:lbient t emperature change . The trans­

mitter was plc:.ced in the r efriger utor and tuned to four frequencies; 
3000, 3105, 6200, and 6210 kilocycles. The refrigerator was cooled 
down to approximately -30° C when the transmitter was turned on. Th8 
chimge i n frequency was measured on a Model LK-1 frequency drift meter. 
The temperuture of t he refrigenttor box ws.s then allowed to drift up 
to +50° C and readings were taken of the f requency drift and tempera­
ture of tho box. Only four frequencies could be measured due to the 
limitations of the measuring equipment. A battery voltage of 13 volts 
was maintained throughout the tests. 

10. Crystal accurncy. The various cryskls supplied ranging in 
frequency f rom 2950 to 7050 kilocycles were inserted in the transmitter 
and -the circuits adjusted for maximum r - f output. Measurement of the 
crystal frequencies was then made on o. Navy type heterodyne frequency 
met€r. Measurements were made on each crystal at a room temperature 
of approximately 30° C. 

11. Interaction between channels. The transmitter was adjusted 
for maximum output from cha."IDels 1 and 2, each channel cont aining a 
crystal of the same frequency. ~ith channel 1 in operution, channel 
2 was first detuned in single st&ges and then completely detuned . 
This procedure was to determine i nteraction, if any, between the 
channels . Then with ch...'U111el 2 in opernt,ion, channel 1 was detuned. 
The above procedure was repeated with the exception that the crystal 
in channel 2 was replaced by a crystal of twice the frequency of that 
in channel 1. 

12. Audio frequency response. The transmitter was tuned to one 
frequency i n each channel; namely, 3000, 4220, 6210, and 7000 kilo­
cycles . A diode detector was coupled to the r-f output and the voltage 
across a resistor i n the diode cathode circuit was measured. This 
voltage value was t aken as a measure of the modulating characteristic. 
A General Radio beat frequency oscillator furnished the modulating 
voltage for the transmitter. The microphone current was previously 
measured and the microphone mixer circuit between the beat frequency 
oscillntor and tr,msmitter was adjusted for this current value. The 
transmitter was then adjusted for 85% modulation at 1,000 cycles as 
observed on a cathode ray oscillograph. The audio volt age as read 
across the cathode resistor in the diode detector by means of a Bal­
lantine electronic voltmeter was to.ken as the base voltage for calcu­
lation of the change i n output in decibels. Modulation frequencies 
from 200 cycles to 5,000 cycles were then fed into the transmitter. 
The audio voltages developed in the diode detector were noted. The 
change in decibels was calculated for each modulation frequency and 
n response curve was plotted for e&ch transmitter carrier frequency. 

13. Distortion measurements. With maximum power output of the 
transmitter, a modulation signal of 400 cycles from the beat frequency 
oscillator was impressed t hrough the microphone mixer to the transmit­
ter. The CTodulated r-f output was observed on t he cathode ray oscil­
lograph. The o.udio input was adjusted to give 85% modulation. The 
output of a diode detector cqupled to the transmitter was fed into a 
previously calibrated wave analyzer which gave the percentages of ht1.r­
monics present. From these values the tow.l harmonic distor t ion was 
calculated for one fre~uencv in eR~h bF.n~. 
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14. The transmitter was tuned for maximum power output. Using 
a Navy Type RS-38 microphone, the modulation characteristics were 
noted on a cathode ray coupled to the transmitter output. 

15. Carrier noise. This measurement was made at the same time 
t he frequency r esponse curve .was taken by measuring the voltage across 
the cathode resistor of the diode detector with no modulat ion voltage 
input to the transmitter . 

16. Time for changing frequencies. The time for chE:.nging fre­
quencies; that is, changing from one chennel to another cham1el was 
noted by observing the time required to change from channel 4 to 
channel 1, t he maximum time for any change, by the use of a stop 
watch, noting the time between the changing of the control knob and 
t he time the transmitter motor control had arrived at the new setting. 

17. The construction of the shock absorbers used was examined 
f or compliance with requirements of the specifications. 

Receiver 

18. Current drain. A precision anm1eter was connected in the 
primary supply circuit. The receiver was adjusted to the condition 
of maximum current drain with t he right-left indi cator connected. 
The current was recorded at various voltages fron 11 to 15 volts 
inclusive. 

19. Frequency r ange , calibration accuracy and overlap? A 
crystal frequency indicator and an output power meter were ~ed in 
conducting this test. The resonance frequency was measured ut the 
extreme ends of the tuning range and at the calibration poi nts of 
each band. From the results, the frequency range, calibration accuracy, 
and overlap were determined. 

20. Sensi tivity. The sensitivity of the receiver was determined 
on cw and mew with the use of a staniard signal generator and an out­
put power meter. 'l'-iith the receiver adjusted for a noise level within 
the specification requirements, the input in microvolts necessary to 
produce s tandard output were recorded for various frequencies . 

21. Selectivity. A standard signal generator and an output power 
meter were used in conducting this test. With a 10 microvolt input, 
the receiver was adjusted for standard output. The standard signal 
generator was detuned from resonance, the L~put to the receiver in­
creased 10, 100, and 1000 times and the signal generator tuned, from 
above and below, toward resonance at er.ch of these multiples of input 
voltage until standard output was again obtained . The selectivity 
was determined as the spread in ki locycles between these settings and 
that at resonance. 

22. Fidelity. A beat frequency oscillator, standard signal 
generator, and an output power met er were us0d in determining the 
fidelity of the receiver. The receiver was adjusted for s tandard 
output with a 100 microvolt carrier modulated 30% at 400 cycles. 
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The modulation freque~cy was then adjusted in steps from 200 to 2500 
cycles and the output recorded at each frequency. The fidelity was 
recorded as the output variat ion in terms of decibels with respec t to 
the output at 1000 cycles. 

23. Image response. The image response was determined with the 
use of a s tandard signal generator and an output power meter. The re­
ceiver was adjusted for standard output. With all controls of the 
receiver remaining fixed, the signal generator was tuned to the image 
frequency ~nd the input to the receiver adjusted to obtain standard 
output. The attenuator being limited to 0.1 volt and this value be­
ing insufficient to obtain standard output at the lower fr~quencies, 
a fixed input of 1 .0 volt was applied. The output under this condi­
tion was observed arrl the input to obtain the same output at resonance 
'ftas recorded. The i.tlage response w&s determined as the ratio of the 
input voltages at the image and resonance frequencies. 

24. Rejection of conversion frequency. The rejection of the 
conversion frequency was determined in the same manner as the image 
response except t hat the input to t he rGceiver was at the intermediate 
frequency. 

25, Resonance stability. The effect of temperature variati on 
on the stability of the receiver was determined with the use of a 
temperature control chamber and a frequency indicator. The equipment 
was installed in t he chamber and ollowed a half hour warm-up period. 
The output cf t he f r equency indicator was coupl ed to t he r eceiver 
which was adjusted for otandard output with the sensitivit y control 
adjusted f or low noise level. The temperature was varied over the 
range of the control chamber (-20° to +50° C) and at regular intervals 
the frequency indicat or was adjusted f or maximum output when the re­
ceiver was adjusted for mew and :for zero beat when ndjusted for cw. 
The frequ~ncy was r ecor ded at each adj ustment and the drift deter -
mined over any 20° change of t emper ature. 

26. The effect due to humidity variation was determined with 
the use of the same appar atus as above . A humidity condition was 
introduced within the chamber ranging from a low value to approxi­
mately 100%. The receiver was turned on and the temperature brought 
up to 40° C and this temperature was maintained throughout the test. 
After allowing the receiver to stabilize, the percentage of humidity 
was varied and the frequency rre asured in the same manner as for 
temperature variation . 

27. With the receiver adjust ed for standard output o.t resonance 
with a primary source of 13 volts, the voltage was varied to 11 and 
15 volts .:nd the frequency measured. 

28. For the effect of vibration, the receiver was mounted on a 
•ribration table to simulate normal aircraft vibration. From a cold 
start, the frequency was met:.sured at regular intervals for one hour. 

29. Viith the receiver adjusted f or resonance, the sensitivity 
cont rol was adjusted from maximum to as near minimum as was possible 
to obt2in a measurable signal, and the frequency checked at both 
<:!OM i t .i r,nc; • 
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30. Undistorted power output. The apparatus used t-0 determine 
the undis t orted power output was a beat frequency oscillator, a 
standard signal generator, an output power meter and a wave analyzer. 
The r eceiver was adjusted for 500 milliwatts output with the input 
modulated 30% at 400 cycles . The output was coupled to a wave analyzer, 
and with the modula t ion frequency varied from 200 to 2500 cycles by 
means of the beat frequency oscillator, t he output voltage at the har­
monics of each of the modulation frequencies was recor ded . The per ­
centage of distortion was determined as the r-m-s of these values. 

31. Reset. The reset measurements were made with t he use of a 
frequency indicator. The receiver on mew was tuned to resonance as 
indicated by maximum reading of the output met6r. The dial setting 
was noted, then the receiver was detuned end reset to the origin~l 
setting and the input frequency adjusted to again obtain maximum out­
put. The reset was made several times from both clockwise and counter­
clockwise directions and the frequency measured at each reset. The 
accuracy of reset was determined as the frequency difference between 
the most remote points of the clockwise and counterclocbiise r esets. 
These messurements were also made with the receiver in the cw position. 

32. Manual and automatic sensitivity control. The apparatus 
used to conduct this test was a standard signcl generator and an out­
put power meter. With the receiver in the manual position, an input 
signal of 500, 000 microvolts or greater was introduced. The sensitivity 
control w~s then reduced to minimum and the output observed. With the 
receiver i n the AVC position, t he level was set at 50 milliwatts output . 
The input was then increased in steps to 10,000 times the original 
value and the output recorded . 

33, Additional t0sts, not covered by the specifications, were 
conduct ed on the r eceiver f or overload and frequency change at const&nt 
ambient temperature. For the overload test, t he r~ceiver was adjusted 
for standard output and the i nput increased until the rec6iver blocked. 

34. The frequency change at constant ambient temperature was de­
termined by tuning the receiver to resonance, t hen measuring the fre­
quency at regular intervals over a period of one hour. These measure­
ments were made from a cold start. 

35, The loop measurements were made in a shielded room with a 
transmission line of lrnovm characteristics symmetrically located there­
in, excited by a standard signal generator for a power source. The 
loop was mounted on a t urn table and located at a specific distance 
from the transmission l ine at which distance the field s trength was 
known with respect t o t he input to the t ransmissi on line. 

36. To determine the range of minimum, the loop was adjusted 
for maximum output at zero on the azimuth scale, then r otated until 
minimum signal was obtained. The loop was then rotated left and right 
until a slight deflection of the right-left indicator was observed and 
the minimum determined as the number of degrees between t hese points. 
The reciprocal bearing was d8termined in the same men..'11er after rotn tinl 
the loop 1.mtil a minimum signal was again obt ained. 
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37 . To determine the equality of the angular deflecti on of the 
met er, the sensitivity of the right-left i ndicator was c.d.justed for 
full scale deflection with ti. 20 microvolt/meter signal vi hen the l oop 
was rota t ed 90° f rom minimum. The loop was then rotated 90° to the 
opposite side of minimum position and the deflection of the r ight­
l eft indicator observed. 

J8. To determine the accuracy of the r eciprocal beari ng, t he 
l oop was adjusted for on course minimum, t hen rotated until a minimum 
signal was again obtained. Tb:3 setting of the calibr ated scale was 
observed in both positions . 

39. To determine t he loop accuracy over the frequency range, 
t he loop was adjusted for minimum signal with inputs of 100 microvolts 
per meter and 200,000 microvolts per meter at each of various frequ~ncies 
within the range and the setting of the scale observed . 

40 . To determine the number of degrees of rotation necesscry to 
obtain full scale deflection of the right~left indicator, the loop 
was adjusted for m.inimum si gnal and with the sensitivity at f ull ge.in, 
t he loop was r otated t o the left und r i ght of minimum until full scale 
deflection was obtained &OO the number of degrees of rotati on observed. 

DATA RECORDED DURING TEST 

41. The data recorded during the test are given in the form of 
tables and char ts, and will be discussed under RESULTS . 

DISCUSSION OF PROBABLE ERRORS 

42 . Table 10 of the appendix gives t he list of instr uments used 
and their accuraci es . The accuracy of the tests is not necessarily 
that of the instruments used for t he tests . R-F power output should 
be wi thin.±. 5%. Modulati on percentages are accurate t o .±. 5%. Harmonic 
analysis is accurate t o less than 2%. The frequency dr ift measurements 
have a high degree of accuracy due to the fact t het no absolute fre­
quency measurement i s r equi red; only u change in f requency is measured. 

RESULTS OF TESTS 

43 . The results of measurements made on t his equipment are shown 
as data recorded which are t abulated in Appendix A. Flight test data 
are given in the Naval Air Station report, ref erence (d) , whi ch i s in­
cluded in this r eport as Appendi x B. The discuss ions will be based on 
speci f i c requirements of the specific&ti ons, r eference (b) . In those 
paragraphs not discussed, t he equipment will be assumed to have com­
plied wi th the r equirements . Di scussion will be in the order of t he 
paragraphs as they appear i n t he specifi cations, ref er ence (b) , and 
the numbers will be in agreement . 

2-3. The equipment is of rugged construction and of the best 
material known for each specific employment. 

2~4 . The workmanship is excellent, 

-o-
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DE(~tftSf.31FIED 
2-5 , There was evidence of corrosion on some parts of the 

equipment. 

2-6 . The use of iron or steel has been confined to specific 
requirement . 

2-7. There was variation of power output observed during the 
var iation of temperature and humidity tests. 

2-8. The by-pass condenser in the speech amplif ier s tage 
shorted, causing fai l ure of the plate dropping res istor. 

2-9. There was no indication of over-heating except for the 
modulation transformer. 

2-13 . It is n6t practicable for identification marking on some 
units of the equipment. Provision for identifying these parts is dis-
cussed in reference (h) . 

2-18 . There was evidence of leakage of the impregnating compound 
from the modulation transformer. 

2-19, The shockproof mountings are of the approved Lord type. 

2- 29. The requirements of this paragraph that all electrical 
indicating instruments be of the 2.5 inch size are not in agreement 
with paragraph 4-2(2) which ~pecifies a s tandard aircraft meter case 
for housing the visual cour_se indicator . 

2-34, An electrolytic capacitor is used to by-pass t he second 
a- f cathode resistor. This is a low voltage condenser and is con-
sidered satisfactory. 

2-38. The tubes used in the receiver are not on the Navy approved 
list, but have been given contract approval for this equipment. 

2-39. The equipment is completely shield~d electr ically, wit h 
cabinets and all parts exter nal to them.at ground potential. 

2-56, The Cannon type K plugs and receptacles used in this 
equipment eliminate the necessity of rubber sleeves . 

3-1. The adaptability of the equipment for ins tal lation and 
operation in Naval a ircraft is discussed in Naval Air Stat ion flight 
test report, reference (d), Appendix B of this report. 

3-2 . Weight and dimensions . The equipment does not meet the 
weight and dimension requirements in all cases. A complete list is 
shown on Table 1. The requirements of paragraph 3-2(11) arrl attached 
drawing of reference (b) are not in agreement . The transmitter and 
receiver, dynamotor to battery cables supplied with the equipment 
were not of the internally shielded rubber covered type . 

3-3. D-C Power Supply. The operation of the equipment when 
obtaining a d-c source from an aircraft s torage batt ery f loating 
across an NEA-2 generator i s discussed in reference (d) , Appendix B. 
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3-/4. Carrier power . '!'he r-f power output is above the require­
ments for the full "V" antenna characte:cistics snd is belov; the re­
ouircmen ts for 6210 kilocycles for the half 11V1

? antenna characteristics. 
?he results are given on Table 2T Appendix A, 

3-5. Frequency range. The: transmitt er is of the cryst-!ll con­
trolled oscillator power amplifier t ype &nd will tune to any crysts.l 

· frequency from J,000 to 7,000 kilocycles i n each bwid. 

J-6, 3-7. Freouency selection. Voice modulation is provided. 
Frequency selection is effected by means of an electric motor manuru.ly 
controlled by a four point switch. 

3-8. Circuit arrangement. 

(l) A four point switch for selecting any one of the four 
pre-tuned frequencies is provided. 

(2) Depression of the microphone button accomplishes the 
effect required by this paragraph. The rE:ceiver antenna i s grounded 
during transmission. Microphone current flows only when t he 11press 
to talk" button is pressed. 

(3) Relen.se of the "press to talk11 button returns the 
equipment to standby. 

(4) Indicator lights have been provided. 

3-9, Temperature Coefficient. The temperature coefficient of 
three of the four crystals tested were well within the requirements. 
The output power at these crystal frequencies varies from 15 to 20% 
using the s tarting output power as a base. The 6210 kilocycle crystal 
jumped frequency at +46° C. The f requency drift up to the point where 
it jumped frequency is excessive being 0.013%, The holders are setled 
as required. 

J-10. Crystru. accuracy. The 3105 end 6630 kilocycle cryst~ls are 
within the requirements. The 4220 and 6210 kilocycle crysttls are out­
side the requirements. These tests were made at room t emperature of 
approximately 28° C. Out of eleven crystals whose frequencies cover a 
range of 2950 to 7050 kilocycles , five were within the tolerance. Re­
sults are given in Table 3, Appendix A. 

3- 11 . Interaction of circuits. No reaction was found between two 
circuits t uned to the same frequency, but when one circuit was tuned to 
t he harmonic of the other a slight reaction was obtained on the funda­
mental by operating tuning controls cf the adjacent channel tuned to 
t he second harmonic . 

3-12. Overall audio response. Tests were conducted at four 
crystal frequenci es . The required 3 decibels down was obtained between 
200 and JOO cycles for three crystal frequencies, 4220, 6210 , and 7000 
kilocycles. At 3000 kilocycles, the 3 decibel value was above JOO 
cycles. The requirement for -10 deci bels at 4000 cycles was not ob­
la.ined for any of the test frequencies, the -10 deci bel point being 
very near 5000 cycles for all test points. Results are gi ven in 
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J-13. Audio freauency distortion. Tests were conducted at four 
crystal frequencies. At 3000 and 4220 kilocycles the distortion is 
outside the tolerance. For 6210 and 7000 kilocycles , the total dis­
tortion is within the tolerance. At all frequ~ncies at 85% modula­
tion the upward modulation peaks are cut off. The results ar e given 
in Table 5, Appendix A. 

J-14, Microphone modulation characteristics. The equipment is 
capable of 100% modulation using a Navy Type RS-38 microphone. 

3-15. Carrier noise level. The carrier noise level is well within 
the requirements. 

3-16. Time for changing frequencies . The equipment is well within 
the requirement. Approximately 1.2 seconds needed. 

3-17. Shock mounting. The equipment meets this requirement. 

3-18. The equipment gave satisfactory performance under vibra­
tion during flight and is designed to withstand landing shocks. 

3-19. The receiving equipment is protected against exposure to 
unfavorable climatic conditions. 

3-20. Curr ent drain. The receiving equipment operates sat,is­
factorily from an 11 to 15 volt d-c source and meets the current drain 
requireraents of this paragraph. The results are shovm on Table 11, 
Appendix A. The band changing motor draws approximately 2 additional 
amperes. However, this is a momentary condition and i s not present 
when the equipment is in an operative condition. 

3-21. The receiver covers the frequency range of 200 to 1600 
kilocycles in three bands and 2000 to 8000 kilocycles in two bands 
and has in addi tion a fixed band on 27$ kilocycles. Any band can 
be quickly and accurately selected. rhe frequency range and overlap 
are shown on Table 12, Appendix A. 

3- 22. The r eceiver is of the superheterodyne type, having two 
tuned circuits , exclusive of oscillator circuit, preceding t he high 
frequency detector and i s designed for manual and/or automatic control. 

3-23. The receiver is designed for remote control only. 

3- 24. The receiver is designed for operation in conjunction 
with a loop antenna which is coupled to the receiver by means of a 
transmission cable. 

3-25 . From observation it appeared that the audio transformer s 
and chokes were not hermetically sealed. Tc definitely determine 
this would mean considerable disassembly of the equipment. Reference 
(h) r ecommends that audio transformers and chokes used in the receiver 
be thoroughly impregnat ed and hermetically sealed. 

3-26. The equipment is designed for use with one and two pairs 
of head phones of 600 ohms impedance each. The phone jacks are located 
in the control box. An output transformer isolates the head phones 

-11-



3-27, Calibration accuracy. The calibration accuracy does not 
meet the requirements. The results are shown on Table 12A, Appendix 
A, 

3-28, Sensitivity. The sensitivity is well within t he require­
ments, The results are shown on Table 13, Appendix A, 

3-29 , Selectivity. The selectivity meets the requirements. The 
results are shown on Table 14, Appendix A. 

3-30, Fidelity. The equipment does not entirely meet the re­
quirement for overall fidelity. The results are shown on Table 15, 
Appendix A. 

3-31(1). Image response. The equipment meets the requirements 
for image response ratio. The results are shown on Table 16, Appendix 
A, 

(2). I-F rejection. The equipment meets the r equirements 
except on those frequencies which are harmonics of the i-f frequency. 
Measurements were made on those points least advantageous on each band , 
The results are shown on Table 17, Appendix A. 

3-32. Resonance stability. 

(1) The equipment docs not meet the requirements for 
frequency stability over 20° C temperature variation on Bands A and 
B. The results are shown on Tables 18 to 24 i nclusive of Appendix A. 
It will be noted that measurements were made on Band C witb the equip­
ment in both cw and mew positions, and that t he frequency change was 
much less on mew. 

Additional tests, not required by the specifications, ref~r­
ence {b), were coµducted for frequency change at constant ambient 
temperature. These t ests were made wi th the equipment on cw and mew 
positions. Here i t will again be noted that the frequency change is 

·much less on mew which would indicate that t he cw oscillator is the 
more susceptible to t emper ature c hange. The results of these tests 
are shown on Tables 26 and 27, Appendix A. 

(2) The receiver meets the requirements for humidity 
variation. The results are shown on Table 25, Appendix A, 

(3) There was no appreciable frequency change due to 
variation of the battery voltage of± 2 volts from a starting point 
of 13 volts. 

(4) There was no measurable frequency chcrige due to 
vibration. 

(5) There was no measurable frequency change due to 
manipulation of the sensitivity control. 

3-33. The equipment fails to meet t he undistorted power output 
at 200 cycles. The results are shown on Table 28, Appendi x A, An 
overload test, not required by the specifications~ reference (b). 
•• t......J. c; wa.uc: u.!.t...t l,1it: 1·c:.:;u..L1.,s .:!w.Jr.n on HtoJ.es .:'-J LO Jl. 1nc1.us1.ve, AppBndix 
A. 
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3-34• The equipment is provided with a remote tuning control of 
nechanic~ type and electrical switching t o any band including the 
fixed fre uency band of 278 kilocycles . 

3-35'. Reset. The equipment meets the reset requirements. The 
results are shown on Table 32, Appendix A, 

3-36. The receiver remote tuning control meets the r equirements 
of t his paragr&ph. 

3- 37. The sensi t .i vity control meets the requirements of t.11is 
paragraph. However, in the mn.nual position, the control is too critic'5.l 
and should be modified to provide more linear control of the output 
power . The AVC action meets the requirements depending on the method 
used i n conducting the test. The input voltage is n determining f actor 
and is not specified. The results of these tests are shown on Table 33, 
Appendix A. 

3-J8. The receiver control box contains all the necessary receiver 
controls except the r emote tuner which i s a separate unit. 

3-.39. The loop is designed to cover the range of 200 to 1500 
kilocycles . 

3-40 . The operation of the homing system with the receiver and 
loop separated not over six f eet would be determined in t he flight tests . 

3-41. (a) The loop windings are on phenolic forms . 
(b) The distributed capacity of the loop is 29 rnmf . 
(c) The loop Q ungrounded is 120 and grounded 103 . 

These values do not meet the requirements . 

3-42 . 
bearings. 

The loop meets the requirements for "minimum" E:.nd reciprocal 
The r esults are shown on Table 34, Appendix A, 

3-43. The operation of the equipment in airplanes incorporating 
head rest loops is a flight test requirement . 

3-44. The suitability of the dynamotor to meet the requirement s 
of this paragraph can be d£;termined only a.fter long periods of opera­
t i on in actual service conditions. 

3-45 , The j ack receptacles meet the- requirements of this para-
graph. 

3-46, The tuning and trimning condensers meet the requi rements. 

3-47, All units of t he equipnent are easily and quickly detachable. 

3-49. The side tone may be s et to any level up to approximatel y 
35 volts by means of a screw driver operat ed potentiometer . The level 
remains constant with the receiver in the manual position but is af­
fected by t he vol ume control in the AVC position. 

4- 1 . The right - left indicating system is incorparated as oart 
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4-2(2). The starrlard aircraft meter case for housing the right­
left indicator does not meet the requirements of paragraph 2-29 of 
refc:rence (b). Hov:ever, such a case is standard for such meters and 
should be accepted. 

(10). \'-iith the loop 110n course, 11 the f idelity of the received 
modulated signals was good . 1,iodulation has a slight effect on the 
indicator needle, but not enough to interfere with operation. 

(13) . The switching frequency is 48 cycles. 

4-4(2). The loop movement for full scale deflection and the 
agreement of left and right bearings do not meet the requirem~nts. Tne 
results are shown on Table 34, Appendix A. 

6-13(6) (c). In addition to the above tests, the following tests 
were conducted.on the transmitter: 

L Frequency drift with change in temperature. 
2. Frequency drift with humidity. 
3. Frequency drift under vibr ation. 

1. Frequency drift Vvi. th change in ambient temperature. Four crystal 
frequencies 3000, 3105, 5200, an::l 6210 kilocycles were tested. The 
6210 kilocycle crysta1•arift was outsi de the 0.005% tolerance allowed 
and also jumped frequency at +46° C. The 3000, 3105, and 5200 kilo­
cycle crystals wer e within the tolerance. The results are shown on 
TDbles 6 and 7, Appendix A. 

2. Frequency drift with humidity. The equipment was tested at 5200 
kilocycle s a.11d i s wi thin the tolerance. The results are shown on 
Table 9, Appendix A. 

3 . Frequency drift under vibration. The equipment was tested at 5200 
kilocycles, an unmodulated carrier signal being emitted, the audio 
having broken down, The carrier drift was well within the requirements. 
Voice modulation during v i bration was satisfactory as observed on a 
radio receiver tuned to the carrier. The results are shown on Table 8, 
Appendix A. 

44, Photographs of the equipment are included in Ple.tes 16 to 
26 inclusive, of Appendix A. 

CONCLUSIONS 

45, The following conclusions were reached as a result of thc:se 
tests: 

(a) The equipment is satisfactory for U$B in Naval aircraft 
provided certcin mechanical and electricnl defects discussed herein 
and in the Navnl Air Station's report, Appendix B of this report, are 
corrected in future equipment. 

(b) In general the workmanship and IP.a terial used a.re excellent. 



(c) The defects of the transmitter are ns follows: 

(1) The carrier power output is low for one crystel 
frequency; n&mely, 6210 kilocycles . Late::-, tests proved 
this to be a defective cryst&l nnd as spares were not pro­
vide&, no further output tests were made at this frequency. 

(2) The crystal frequencies ar0 outside th& tolere.nce 
for six of the aleven cr-1stals tested. 

(3) The 6210 kilocycl& crystal ju.~ped frequency during 
the temperature run. 

(4) The audio response is outside the tolerance at both 
the low e.nd high frequency end of the audio ~-rrl. 

(5) The impregnating compound leaked from the modulating 
t r ansformer. 

(6) The plate by-pass condenser in the speech amplifier 
stage shorted on two occasions, once during a test at room 
temperature end once during e. tempere.ture run, c~using failure 
of the plate supply dropping resistor. 

(7) The channel changing mechanism freezes up at - 30° C 
when the equipment is idle while approaching this te~peraturs. 

(8) There was some indication of corrosion on various 
parts of the equipment. 

(d) The defects of the receiver are as follows: 

(1) The calibration accuracy does not meet the requirements. 

(2) The overall fidelity is slightly outsi de the require­
ments. 

(3) The i-f rejection meets t he requirement except on 
frequencies which are harmonics of the intermediate frequency. 

(4) Bands A and B do not meet the resonance stability 
requirements for temper~ture variation. 

( 5) The receiver meets the requirements for undistorted 
power output at all specified frequencies eXC8pt 200 cycles. 

(6) The automatic sensitivity contr ol meets the require­
ments when the input necass~ry for 50 milli11;c.tts output is 
5 microvolts or more. With lower values of input voltage which 
necessitate approaching full gain for 50 milliwatts 1)utput, the 
receiver does n0t ~eet the requireo.ents. Since the value of 
input voltage is not speci:fied, it ts concluded that the equip­
rn~nt meets th8 requirements. 
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(7) The "Q11 of the l oop does not meet the requirements. 

(8) The loop movement to obtain full scale right or left 
indication and the right and left bearing agreement do not meet 
the requirements on all frequencies. 

(9) The equipment does not meet the; requirements for v,cight 
and di~ensions in all instances. 
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Table 1 

W6ights and Di~ensions 

Vfeight Length lfij_dth Height 
Qr!ll lb. jn. in. in. 

Transmitter (without tubes) 43.4 19-1/8 11-1/2 10-3/8 
1 set tubes 1.0 
1 set crystals 4.64 oz 
Trans, control box 1.0 5-1/8 3-3/4 2-3/8 

ti cables ·W401 1.4 73 
II It W402 2.5 144 
!l II w1~03 0.7 37 
11 It W404 1.6 108 
II 11 W405 1.4 61 
n dynamotor 24.0 9-3/8 6-1/8 9-1/4 

Rec . cable W701 2.4 144 
11 II W702 2.e 180 
II It W703 o.6 70 
II It W704 1.2 59 
II fl W705 0.8 39 

Linkage W706 1.3 120 
Receiver (without tubes) .31.6 18 9-1/2 7-3/4 
Rec . control box 1.8 4-3/4 5-1/4 2- 7/8 
Rec. remote tuner 1.0 5-5/8 3 2-1/2 
Rec. dynamotor 8 .8 6-1/4 4-3/8 7-3/8 
1 set receiving tub~s 1.0 
Right-left indicator 1.4 Diameter 3-1/411 Depth .3-13/1611 

Loop 2. 5 II 1211 Height 1711 

Total weight 134.49 
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Table 2 

Carrier Power Output 

Full "V" Antenna 
Freq Antenna Carrier Power Antenna Antenna D-C Input D-C I nput 
_f£_.. Amper es Wat ts R ohms Cap. µ1..1.f Volts Amperes 

3105 2,78 14.35 1.85 100 13 24 .8 
4220 2.62 13 .20 1.92 120 13 24.7 
5200 2 .46 18.05 2. 98 150 13 25.0 
6210 2. 55 25 . 50 3. 92 230 13 24 ,5 
7000 2 , 29 34 ,80 6.64 1000 13 25 ,4 

Half 11V11 Antenna 

3105 2 .16 6.86 1.47 68 13 24.6 
4220 2 .19 7 .04 1.47 70 13 24.6 
5200 2.40 9 .08 1.58 72 13 25 .0 
6210 2 .09 8.00 1.83 80 13 24 .8 
7000 2 .22 12.00 2. 45 92 13 24.7 

Table 3 

Accuracy Output Fr equency of Cr ystals 

Crystal Freq Cycles % 
Holder # .Js.<.L Off Off 

l 2950 -303 0 .0103 
15 3000 -155 0.0052 

173 3105 - 64 0 .0021 
6 3120 +22 0 .0007 
~ 

,,:_, 3130 -33 0.00105 
106 42~0 +621 0.0147 

4 5200 +446 0.0086 
110 6210 +376 0.0061 
106 6630 +132 0 .002 

7 7000 +12,322 0.174 
2 7050 -1093 0 .015 
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Table 4 

Audi o Frequency Response Characteristics 

Ch-:mnel 
1 2 3 

Freq - kilocycles 
JOOO L~220 6210 

tfod ula t i on 
Freq . cps Volts db Volts db Volts db 

200 3,92 -5 ,27 5.75 -4.80 5.20 -4,42 
300 5.02 -3,13 7.30 --2. 74 6 .45 - 2.54 
400 5.75 -1.93 3.30 -1.64 7. 25 -1.52 
500 6.15 - 1.36 9.00 -0.90 7.70 -0 .99 
750 6 .75 - 0 . 56 9,80 - 0.18 8.35 -0.30 

1}1000 7.20 - 0 .00 10.00 o.o 8.65 o.o 
1500 7.60 +0 .47 10.00 o.o 9.10 +0.44 
2000 7 ,70 +0.58 10.00 o.o 9 ,10 +0 .44 
2500 7.41 +0 .25 10.00 o.o 8.6o +o .04 
3000 6 .74 -0 , 57 8.90 -0.84 7.70 -0 .99 
3500 5.15 -2 .89 6.6o - 3.60 5.90 -3 ,32 
1~000 3,80 -5 ,55 4 ,80 -6.16 4.35 -5 ,96 
5000 2 .10 -10 .70 2.60 -11.70 2,45 -10.94 

Modulation volts at 1000 cycles 

1.46 1.46 1.44 

* 85% modulation 

4 

7000· 

Volts db 

1~~00 -4,60 
4.95 -2.74 
5,50 -1.82 
5.90 -1.20 
6 .45 -0 ,46 
6.80 o.o 
7 .20 -t0.50 
7.30 +0.6o 
6 .90 +0 .12 
6.20 -0 .78 
4.90 -2 .86 
J .60 -5,52 
2 .00 -10.62 

1.48 



1 2 3 4 

;hannel Freq kc 

1 3000 100 8.5 6.5 3.7 

:2 4220 100 6.5 7.0 4.2 

) 6210 100 6.0 6.0 3.5 

.4 7000 100 5.9 6.5 3.5 

-al 
., 
l. . 
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l'A . ~. 
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Table 5 

Harmonic Distortion 

H a r m o n i c s 
5 6 7 8 

% H a r m o n i c s 

1.6 1.9 1.9 0.6 

1.7 2.0 2.0 0.5 

1.2 1.8 1.95 0.2 

1.3 2.0 1.90 0.3 

9 

0.7 

1.2 

0.7 

0.9 

10 11 12 TotAl 
Distortion 

% 

0.35 0.02 0 . 08 11 .78 

0.35 0 .17 0.18 11.01+ 

0.5 0.2 (),14 9 ,67 

0.35 0.03 D.02 9.74 

m 
~ 
' . ~-
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~~ 

•.UR"~ ..., 
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Table 6 

Frequency Stability 

Freg.. ,.3102 kc Input 13 volts DC Freg. 3000 kc 

Time Temp. Freq .change Time Temp. Freq.change 
~ ~ cvcles Min. ~ cycles 

0 - 28.2 0 0 - 24 0 
7 27.6 0 5 24.4 0 

12 18.4 -5 10 18.0 5 
17 11.1 10 15 13.0 15 
22 6.3 25 20 6.0 20 
27 11.0 40 25 4.5 25 
32 6.3 50 30 +1.0 20 
37 +0.8 50 35 3.5 20 
42 5.5 50 40 6 .0 20 
47 8.8 45 45 10 15 
52 11.5 35 50 12. 5 10 
57 14.0 20 55 15.5 10 
62 16.1 15 60 . 17.2 0 
67 19.5 10 65 19.5 0 
72 21.2 0 70 22.0 -5 
77 22. 5 0 75 25.5 10 
82 25.0 +10 80 26.8 25 
87 21L5 25 85 28.8 25 
92 29.5 25 90 30.5 30 
97 31.5 30 95 33.0 35 

102 33.0 .35 100 3.3.5 35 
107 34. 5 35 105 .30.6 40 
112 38 .. 5 45 110 .32.5 45 
117 41.2 50 115 41.0 50 
122 44.0 50 120 42.8 50 
127 46.0 55 . 125 44.8 55 
132 47.8 65 130 46,2 60 
137 50.0 70 135 48.5 65 
142 50.05 70 140 48.8 65 

145 48,8 75 
Drift I!laximum 0.00387% 150 50 .2 75 

Drift maximum 0.0033% 
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Table 7 

Frequency Stability 

Input 13 volts DC 

Frea, 5200 kilocycles Freq. 6210 kilocvcl es 

Time Te:np Freq change Time Temp Freq change 
Min ~ .Q_ cycles Min. ~ cycles 

0 - 29.0 0 0 - 30.0 0 
5 29.0 5 5 29.3 0 

10 27.8 5 10 28 .0 5 
15 26.8 5 15 20.9 15 
20 16.5 0 20 11.8 55 
25 14.2 -5 25 6.o 70 
30 6.0 25 30 1.5 120 
35 6 .0 50 35 +1.8 180 
40 o.o 75 40 5,5 230 
45 +4.0 100 45 8 .8 290 
50 7 . 5 125 50 10.2 340 
55 10.6 150 55 13.5 390 
60 14.0 175 6o 16.7 455 
65 17.0 200 65 18,5 480 
70 19 .6 215 70 20.5 515 
75 21.6 230 75 23,3 550 
80 22.0 240 80 25 .0 570 
85 23 .9 245 85 26 .8 590 
90 26.0 245 90 28.8 6o5 
95 28. 8 245 95 J0 . 2 625 

100 30 .8 235 100 32.7 630 
105 32.l 225 105 35.6 640 
110 35.0 200 110 36,5 640 
115 38,4 200 115 38.0 640 
120 41.7 170 120 40.4 640 
125 41.0 150 125 42.2 630 
130 45.0 110 130 44.0 620 
135 47.8 85 135 45.5 615 
140 50.3 50 Jumped frequency approximately 
l~.5 47,5 25 13 kilocycles. 

Drift maximum 0.0047% 

.. . ....... ---_Jr ... _..._-,,,..,..,.., , •·) , r 

--- ··- ·------ -------- - ------ --- - - ------



Time 
Min. 

0 
5 

10 
15 
20 
25 
30 

Time 
Min .. 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 

Table 8 

Frequency Drift Under Vibration 

5200 kilocycles 

Cycles Vibrat ion 
Change rpm 

0 1900 
5 1920 

30 1920 
55 1900 
70 1920 
90 1900 

110 1920 

Maximum shift 0 .0021% 

Table 9 

Frequency Drift Under Humidity 

5200 kilocycles 

Temp. Humidity Cycles 
~ % Chan@ 

39.5 94 0 
41.0 100 10 
39 .2 95 15 
41.0 100 40 
39.5 9.3 35 
40. 6 97 50 
39.8 92 75 
41.0 95 85 
40 .0 90 100 
41.2 94 125 
40 .8 90 130 
41.8 96 1.35 
40 .8 89 150 
40.8 88 180 
41 .8 95 180 
40.0 69 190 
36.5 60 190 
32.0 55 190 
28.5 53 185 
26 .0 53 175 
22 . 5 53 155 
19.5 53 110 
17.5 52 100 
16.5 51 75 
15.0 50 45 
13.0 49 15 
11.5 48 0 
10.0 47 -20 

fL5 52 -55 
blc:UI.Ltll Uill l:>fl.ll. (, "Jo u.uu..:io DEr'~ (\ C,'>C jt:iED _,.. ~.,; W1t.JV .. i 



'l'able 10 

I nstruments Used fo~ Tests 

Model Ser . No . Accuracy % ± 

Weston DC Voltmeter O - 30 
Weston DC Voltmeter O - 20 
Weston DC Voltmeter O - 10 
Weston DC Ammeter O - 75 
Weston DC Ammeter O - 10 
Weston RF Ammeter O - 3 
Triumph Cathode Ray Oscillograph 
Frequency Drift I ndicator 
Heterodyne Frequency fueter 
Crystal Frequency Indicator 
General Radio Beat 

Frequency Oscillator Type 713B 
General Radio Cathode Ray 

45 
45 

370 
45 
45 

425 
830 
LK-1 
LF 
LM- 2 

Oscillograph 
General Radio Wave Analyzer Type 636A 
General Radio Wave Analyzer Type 736A 
General Radio Standard Signal 

Generator Type 605B 
General Radio Power Output Meter 

Type 583A 
Ballantine Electronic Voltmeter 
Mixing Panel Type NRL 
Temperature Control Box 
Toledo Balance Scales St yle 31- 0841 DH 
G. Luff Precision Hygrometer 
Vibration Tabl e 

Table 11 

Current Drain 

41097 
41660 

4586 
40604 
41433 
26117 

1 
1 

499 

4161 
318 
118 

814 

67 
37 

663471 

0 .33 . 
0.5 
0.25 
0.5 
0 ,5 
2 .0 

0.0002 
0.0001 
0.001 

2 .0 

LO 

5,0 

1.0° C 
0,5 

15 ,0 

Volts 

Amperes 

11.0 12.0 

4.3 

13 .0 15. 0 Allowed 

5.0 6 amperes at 13 volt s 

The band changing motor draws approximately 2.0 amperes. 

Min. Freq. 
% Overlap 

Max. Frea. 
% o,ierlnp 

Table 12 

Frequency Range and Overlap 

Band B 

194,467 
2.76 

400.688 
0 .172 

Band C 

390 , 520 
2 . 37 

807.195 
0 .9 

Band D 

782.000 
2 . 25 

1607.175 
0.45 

Band E 

1955,300 
2 .23 

4027 , 240 
o.68 

Band F 

3917.000 
2 .07 

8062.640 
0.78 



Table 12A 

Calibration Accuracy 

· Di al Band B Bnnd C Band D Band E Band F 
Se·~t..:i,n_g Frequency % Off Cal. Frequency % Off Cal. Frequency % Off Cal. Frequency % Off Cal. Frequency J;, ofr cfo.L 

t"" t ~--rr I c~ 
r'"' 
"'-~ .,. 
,, .f' 
,J', 
~: "' 
~l-. -""'.I"' 

iillD,'.(~ 

Wl!!,ft 

~ ~--~ 

200 197.700 

250 249.190 

300 299 .750 

350 349.500 

400 395.400 

-1.15 398. 624 -0.34 797.800 -0 . 27 1994.320 

-0.32 498.820 -0.23 994.880 - 0.51 2492.450 

-0.08 59S.960 -'0.17 1193 .Mo -0.52 2994.000 

-0.14 699.855 -0.02 1394.340 -0 .4 3494.200 

-1.15 796.755 -0.4 15S2.790 -1.07 3976.600 

Allowed 0.25% (Specif i cations require frequency calibration 
only on Band B. ) 

-0 .28 

-0.J 

--0.2 

-0.16 

-0.58 

3990.500 

5001.200 

6000.000 

7009.700 

7961 .200 

-0. 23 

+0 .02 

0 

+o.13 

-0.48 

O· ,,,! 
()' 
t~.r.,~ 
''·'""· ,•~ 

(/') 
"'fl 
\l':i -~ 

i$",JII~ 

~1, 
I . 

r,~, 

m 
0 
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Table 13 

Sensitivity 

Noise Level not over 12. 5 row Standard Out put 50 mw 

Dial Setting 

Min 200 250 300 350 400 Max 

Band Microvolts Input for Standard Output 

A MOW 1.7 1.7 1.7 1.7 1.7 1.7 1.7 
278 kc cw 0.7 0 .7 0.7 0.7 0.7 0.7 0.7 

B MCW 2.1 2 .0 1.8 1.9 1.75 1.8 1.8 
200-400 CW 1.6 1.5 1.2 o.6 0.6 0.9 1.1 

kc 
C MCW 1.5 1.4 1.5 1.4 1.4 1.35 1.3 

400- 800 cw 0.65 0 .7 0 ,75 0.5 0.4 0 , 5 0.55 
kc 

D MOW 1.9 1.9 1.9 1.8 1.9 3. 2 3.7 
800-1600 CW 0.6 0.65 1.0 0.7 0.7 1.7 1.9 

ls:c 

E MCW 1.5 0.9 1.3 2.4 2,3 1.1 1.1 

2-4 me cw 0,45 0 . 25 0.4 0.8 0,75 0.4 0.35 

F MCW 4.4 3,8 2.8 3.0 3.2 1.3 1.3 
4-8 me cw 1.6 1.3 1.1 1.2 1.4 0.2 0 .25 

Allowed 5 microvolts 

Sensitivity in AVC position approximately srune as above. 



Table 14 

Selectivity 

10 Microvolts Input for 50 Milliwatts Output at Resonance 
Freq x 10 x 100 x 1000 

Band ..k£_ ___ + ___ + ___ __+ __ _ 

A 278 4.17 kc 3.33 kc 8.06 kc 7.23 kc 
B 200 3.0 J.8 
II 275 J.85 4 .13 
II 400 6.4 4.8 
C 400 4.8 4.0 
II 600 5.4 6.0 
11 800 7.2 6.4 
D 800 6 .0 6. o 
II 1200 7.8 7.2 
II 1600 9 .6 9 . 6 
E 2000 7.0 9.0 
II 2750 6 .8 11.0 
11 4000 8.0 8.0 
F 4000 8.0 8 .0 
!! 6ooo 7 , 5 9.0 
II 8000 a.o 8 .0 

Range x 10 

200 kc 6 kc 

400 kc 9 

1200 kc 14 

2000 kc and up 14 

7.8 6 .2 
7.4 8.25 

10.4 8.8 
8.8 8.0 
9 .0 10.8 

11.2 10.8 
10.4 10.4 
12.0 12.6 
14.4 14.4 
11.0 15.0 
11.0 16.5 
14.0 14.0 
14.0 14.0 
12.0 15.0 
12.0 16.0 

Allowed 

X 100 

11 kc 

14 

20 

28 

12.25 kc 
12.0 
11.3 
15.2 
12 .8 
13 ,2 
16 .0 
14.4 
16.8 
20.8 
16.0 
17.8 
20.0 
22.0 
21.0 
16.0 

X 1000 

18 kc 

24 

30 

42 

10.85 kc 
9 .8 

12.1 
13.2 
12.0 
15.6 
15.2 
15.2 
18.0 
20.8 
19.0 
23 ,3 
22.0 
20.0 
24.0 
24.0 
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Fidelity 

Mod , Fundament al Freauenc~ 
Freq. 
.Qy:cl..2.§.. 278 kc 300 ,kc 600 kc 1200 kc 3000 kc 8000 kc 

200 ·-r-1.8 db +0 .08 db -0.86 db -1.3 db -1.55 db -l.46 db 
300 +3.09 +2.3 +o.6 +0.21 0 0 
400 +3,36 +2.67 +1.07 +0 .75 +0 .64 +0 .45 
500 +3,18 +2 . 56 +l.07 +1.0 +0.82 +0 .79 
600 +2.71 +2.3 +1.07 +0.93 +o.75 +0.79 
700 +2 .17 +l.81 +0 .96 +o ,75 +0 .64 +0.45 
800 +1.43 +1.23 +o .6 +o .49 +0.37 +0 .37 
900 +0.68 +0 .6 +o.33 +0.29 +0 .21 +0.17 

1000 0 0 0 0 0 0 
1500 -4.08 -J.18 -1 .61 -1.03 -0.75 -0.71 
2000 -7.07 - 5, 56 -2.9 -1.46 -0.89 -0.86 
2500 -9.63 -8 ,29 -4 ,47 -2.06 -1.13 -0 .96 

100 Microvolts Input for 50 Milliwatts Output . 

Modulated 30% at 400 cycl es 

Allowed±. 5 db with respect to 1000 cycles between 200 and 2500 cycles 
except from 200 to 500 kilocycles at 2500 cycles attenuati on may be 
down 20 decibels. 

Table 16 

Image Response 

Res .Freq . Image Image Output Res. Input f or 
Band kc Input mw Same Output-mcv Ratio 

A 278 l.0V 70 2.1 476,000 
B 200 1.0V 80 2 . 5 400,000 
II 300 l.0V 120 3.3 300,000 
II 400 l.0V 210 J . 7 270,000 
C 400 1.0V 80 1.9 500,000 
11 600 1.0V 220 3,3 300,000 
11 800 l.0V 500 4 ,7 212,000 
D 800 1.0V 60 2.1 476,ooo 
II 1200 l.0V 110 2.6 400,000 
II 1600 l.0V 16 1.8 556,000 
E 2000 1.0V 3.30 2.9 330,000 
II 3000 32,000 mcv 50 2.4 13,300 
II 4000 17,000 II 50 1.1 15,000 
F /,,.000 57,000 11 50 1.3 15,000 
II 6~00 9,800 II 50 1.2 3,270 
" 8000 10,000 It 50 .2 7,700 

Allowed Ratio 

150 - 1500 kc Not less then 50,000 
1800 - 3600 If II " 11 4,000 
-it:.n " ,..,,.,,...,.., 

" " " II ? (\(\("\ 

7200 - 8000 11 " 11 II 2,000 r ·1f;·'t~•-~ ,~ i'>e r.:~1•,.--.1Fo 
..; .. iZ, ;,. • :. ~~l ~~ "~ . >o&, 

- ..,___.,. ~~- - ,_,,: & t • -
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Table 17 

I -·F Rejection 

Res. Input at Res. Input 
Freq . 1- F Freq. Output for same output 

Band ~ mcv mw mcv Ratio 

A 278 1,000,000 0 

B 400 1,000, 000 0 

C 800 100,000 20 .8 125,000 

D 1500 6,500 50 2 .0 3,250 

E 2000 6,500 50 .9 7,220 

E 3500 250 50 2.0 125 2nd bar . 
of I-F 

F 4000 12,000 50 3.6 3,300 

F 5250 650 50 3.0 217 3rd bar . 
of I - F 

F 7000 1,200 50 3.6 333 4th bar . 
of I-F 

Allowed 60 decibels (A voltage ratio of 1000 to 1) 

~ . - ~... .. . - ·~ 
-~- =-~ -:..::-·• 
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Table 18 

Frequency Change Due to Temperature Variation 

Band A 278 kUocycles 
cw 

Time Temp. Freq Time Temp. Freq Tioe Temp Freq. 
Mill!. oc ..k .Min • ~ __E_, Min. ~ _kg_ 

0 +24 274.400 110 -12 278.050 220 +31 277.030 
5 23 274.345 115 13 278.~00 225 33 Z"/6.645 

10 19 274.315 120 13. 5 278.400 230 34 . 5 276 .255 
15 15 274.355 125 14 278.545 235 36.5 275,890 
20 12 274.460 130 14.5 278 .675 240 38 ,5 275-425 
25 9 274,590 135 15 278.785 245 40 275 .105 
30 7 274.800 140 15.5 278.905 250 41.5 274,785 
35 5 274,980 145 16 279.025 255 4.3.5 274,375 
40 3 275 .115 150 16.5 279 .135 26o 45.5 274,010 
45 +l 275 ,400 155 16.5 279.270 265 47 273,645 
50 0 275 .600 160 13 279.450 270 48.5 273,355 
55 -1 275 .800 165 7 279 .540 275 50 273.000 
6o 2.5 276.ilo 170 -2 279 .565 280 45 272.610 
65 4 276.305 175 +3 279,540 285 42 272.JJO 
70 5 276.570 180 8 279,345 290 36 272.130 
75 6 Z"/6 .740 185 12 279.160 295 33 272.030 
80 8 276.980 190 15 279.020 JOO 30 272.030 
85 9 277.175 195 18 278 .700 305 28 272 .000 
90 9 . 5 277.395 200 21 278.400 310 26 272 .180 
95 10 277 .570 205 24 278.055 315 +21+ 272 ,315 

100 11 277.755 210 27 277 .645 Max. change over any 20° 
105 -11.5 277.910 215 +29 277.325 +30° to +50° = 

4.175 kc= 1 .47% 
Allowed 0.5% 

R OEf~lAS~IFIED 
l---' ____________ _ 
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Table 19 

Frequency Change Due to Temperature Ve.riation 

Band :a 300 kilocycles 
cw 

Time Temp Frequency Time Temp Frequency 
Min. _'.:.Q_ kc l{dn. ~ kc 

0 +23 2990925 145 16 303.090 
5 16 299-585 150 8 ,303.235 

10 12 299.485 155 - 2 303.200 
15 9 299.390 160 +2 303.090 
20 6 299 • .340 165 6 302.875 
25 4.5 299.440 170 8 302.705 
30 + 2.5 299-485 175 11 302.365 
35 0 299.635 180 14 302.150 
40 -1 299.730 185 17 301.630 
45 2.5 299.925 190 19 301.460 
50 4 300.120 195 21 301.045 
55 5 300.,315 200 23 300. 655 
60 6 300.485 20; 25 300. 220 
65 8 300.705 210 27 299 .925 
70 10 300.900 215 +29 299.535 
75 11 301.090 220 +31 299.095 
80 12 301.285 225 33 298.655 
85 13 301.M~O 230 35 298.220 
90 14 301.630 235 36.5 297.885 
95 15 301.775 240 38 297,495 

100 16 301.875 245 40 297 .065 
105 -16.5 302 .025 250 42. 5 296.510 
110 -17 302~170 255 44 296.170 
115 18 302.320 26o 45 .5 295 .685 
120 18. 5 302 .465 265 47 295.445 
125 19 302.610 270 48, 5 295.050 
130 19. 5 302 .755 275 ,38 294.615 
135 20 302 .850 280 28 294.465 
140 19 302 .950 285 23 294.465 

Maximum change over any 20° 

+28.5° to +48 . 5° = 4. 58 kc = 1. 52% 

Allowed 0.5% 

Ff DECt 0 SSIFIEO l_. _________ _ 
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Table 20 

Frequency Change Due to Temperature Vari.s.tion 

Band C 666.6 kilocycles 
cw 

Time Te.rr:p. Frequency Time Temp. Fr equency 
Min!. ~ kc Min. oc kc 

0 +26 666.573 lh5 18 669.982 
I! 23 666.537 170 1~ 670.045 .; 

10 20 666.582 175 16 670 .119 
15 16 666.654 180 9 670 .182 
20 13 666.881 185 6 670 .173 
25 10 667.063 190 -1 670 .155 
30 7 667.272 195 +3 670 ,056 
35 5 667. 528 200 5 669.900 
40 3 667.700 205 8 669. 737 
45 +l 667,900 210 11 669 .564 
50 0 668.072 ?..15 +14 669.191 
55 -1 668.182 220 +17 669.027 
60 2 668.355 225 19 668.736 
65 4 668.454 230 21 668.518 
70 6 668.600 235 23 668. 263 
75 8 668.727 240 26 668 .045 
80 9 668 •. 773 245 28 667 .827 
85 10 668.836 250 30 667.672 
90 11 668.900 ~55 33 667,481 
95 12 668.964 260 35 667.300 

100 12.5 669.000 265 38 667 .109 
105 13 669.100 270 40 666.928 
llO -13,5 669.164 275 42 666.636 
115 14 669.218 280 44 666.498 
120 14 .5 669.191 285 46 666.236 
125 15 669 . 236 290 48 666.100 
130 15,5 669,400 295 49 665.872 
135 16 669.463 300 45 665.609 
140 16.25 669,519 305 41 665.445 
145 lf>.5 669. 564 .310 38 665.391 
150 17 669.609 315 35 665 .400 
155 17.25 669 .654 .320 32 665.472 
160 17.5 669.818 325 29 665.546 

330 +26 665.718 

Max. Chanf;e over any 20° 

+2° to -18° = 2.18 kilocycles::: 0.32% 

Allowed 0. 5% 



Time 
Min:. 

0 
5 

10 
15 
20 
25 
JO 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
140 
145 

Df f''"•~ <'1, (" ~ H '-1 Ef ~ L '"'··"'- 1.,. 1 , .. j , ' • • ~ t:!n: J 

Table 21 

Frequency Change Due to Temperatur e Variation 

Temp. 
~ 

+22 
21 
18 
13 
10 
8 
6 
4 
2 

+l 
-1 
2 
3 
5 
6. 5 
8 
9 

10 
10. 5 
11 
12 
12. 5 

-13 
13. 5 
14 
14. 5 
15 
15.5 
16 
16.5 

Band C 666 .6 kilocycles 
l\1C'li 

Frequency Time Temp. 
kc i,lin . _ oc 

666 .483 1,50 17 
666.463 155 17 
666.lt09 160 13 
666.463 165 9 
666.508 170 -3 
666.L..83 175 +4 
666 .528 180 8 
666 . 573 185 12 
666. 600 190 15 
666 .645 195 18 
666 .660 200 21 
666 .705 205 24 
666 .780 210 26 
666.836 215 +28 
666 .876 220 +jl 
666.912 225 33 
666.930 230 35 
666.957 235 37 
666.991 240 39 
667.018 245 41 
667.054 250 43 

- 667 .081 255 45 
667.110 260 46 
667.137 265 48 
667.164 270 49 
667.182 275 44 
667.200 280 41 
667.227 285 37 
667.263 290 34 
667.300 295 31 

300 26 
305 23 
310 +22 

Max. Change over any 20° 

+26° to +L,6° = 0.829 kc = 0.125% 

Allowed 0.5% 

• .. • ' ~ .. jlt, ~ • ) - _ ____ ...,_ ---

Frequency 
k.c 

667,336 
667.363 
667.391 
667.436 
667.436 
667.391 
667.345 
667.327 
667 .300 
667 .245 
667.200 
667.155 
667.110 
667.018 
666.932 
666.885 
666.836 
666.573 
666.483 
666.463 
666.373 
666.326 
666.281 
666.236 
666.191 
666.146 
666.099 
666.054 
666.009 
666.009 
666.009 
666.099 
666.146 

~+ DECLt~SS~FIED 
l..& ___________ _ 
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Table 22 

Frequency Change Due to Temperature Vm-iat ion 

Band D 1200 kilocycles 
cw 

Time Temp. Frequency Time Temp. Frequency 
Min. ~ kc Min . __::Q_ kc 

0 +29 1200.000 160 11.5 1205 .920 

5 24 1199.900 165 11.75 1206. 020 

10 20 1199.800 170 12 1206.080 

15 16 1199.900 175 9 1206 .160 
20 13 1200.100 180 - 1 1206. 320 
25 11 1200.380 185 +3 1206. 280 
30 9 1200.680 190 7 1206.160 
35 7 1201.000 195 10 1205 .920 
40 5 1201 .320 200 14 1205.740 
45 3 1201 .720 205 17 1205.440 
50 2 1201.960 210 20 1205.040 
55 +1 1202.280 215 +23 1204.560 
60 0 1202.700 220 +25 . 5 1204.260 
65 -1 1202. 980 225 28 1203 .840 
70 2 1203.160 230 30 1203.400 
75 3 1203.460 235 33 1202 .920 
80 3.25 1203.800 240 35 1202.520 
85 3.5 1203.980 245 36 1202 .220 
90 3,75 1204.200 250 38.5 1201.840 
95 4 1204.440 255 40 1201.360 

100 4.5 1204.680 260 42 1200.880 
105 -6 1204.860 265 44 1200.280 
110 - 6 . 5 1204.960 270 46 1199,700 
115 7 1205.100 275 48 1199. 320 
120 8 1205.160 280 49 ll98.920 
125 8.5 1205.180 285 49 1198,340 
130 9 1205.300 290 45 1197.940 
135 9,5 1205.440 295 41 1197.600 
140 10 1205.540 300 38 1197.260 
145 10.5 1205 ,640 

305 34 1197. 060· 
150 11 1205.740 
155 11.25 1205.840 310 +29 1197,160 

Max. Change over any 20° 

+290 to +49° = 5 . 28 kc= 0.44% 

Allowed 0.5% 
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Table 23 

Frequency Change Due to Temperature Variation 

Band E 3000 kilocycles 
cw 

Time Temp. Frequency Time Temp . Frequency 
Min. ~ kc ~ ~ kc 

0 +27 3000.000 165 14. 5 3005.400 
5 25 2999.900 170 14,75 3005 .550 

10 22 2999,850 175 15 3005.600 
15 18 2999.850 180 14 3005.650 
20 14 3000.000 185 -5 3005.800 
25 12 3000.300 190 0 3005.900 
JO 10 3000.550 195 +6 3006.100 
35 8 3000 .750 200 9 3006 .050 
40 6 3001.050 205 12 3005 .900 
45 4.5 3001.350 210 16 3005 . 750 
50 3 3001.600 215 +19 3005 .600 
55 2 3001.950 220 +21 3005,450 
60 +l 3002.150 225 24 3005.250 
65 0 3002.350 230 27 3004.950 
70 -1 3002. 550 235 29 3004.600 
75 2 3002.700 240 31 3004-300 
80 3 3002.850 245 32.5 3003.850 
85 4 3003.050 250 34 3003.400 
90 5 3003.100 255 36 3003.050 
95 6 . 5 3003.200 260 . 38 3002.700 

100 8 3~03.400 265 40 3002.300 
105 -9 3003.550 270 41. 5 3001.800 
110 - 9,5 3003.800 275 4J 3001.350 
115 10 3003.950 280 44, 5 3000.850 
120 10.5 3004.150 285 46 3000. 550 
125 11 3004,300 290 48 3000.150 
130 11.5 3004-400 295 49 2999,550 
135 12 3004.550 300 50 2998,900 
140 12. 5 3004.700 305 45 2998 ,350 
145 13 3004.850 310 40 2997.850 
150 13. 5 3001 •• 950 315 36 2997,500 
155 14 3005.100 320 31 2997,300 
16o 14.25 3005.250 325 +2,7 2997,450 

Max. Change over any 20° 

+30° to +50° = 5.55 kc= 0.185% 

All owed 0 .25% 
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Table 24 

I 

Frequency Change Due to Temperature Variation 

Band F 6500 kilocycles 
cw 

Time Temp. Frequency Time Temp. Frequency 
Mi n . oc kc M1u:. _::Q kc 

0 +25 6499.600 185 20 6511 .100 
5 23 6499,400 190 20 6511.300 

10 19 6499.400 195 18 6511 .700 
15 15 6499.600 200 11 6512.000 
20 12 6500 .100 205 -4 6512,300 
25 9 6500 .600 210 0 6512.300 
30 7 6501 .000 215 +4 6512 .000 
35 5 6501.600 220 7 6511.700 
40 3 6502.200 22:5 10 6511 .200 
45 2 6502 .700 230 12 6510.600 
50 +l 6503.200 235 15 6509.900 
55 0 6503 .6oo 240 17 6509,300 
6o .,.1 6504,100 245 20 6508.500 
65 2 6504 . 500 250 22 6507.700 
70 3 6505 .000 255 +25 6507.100 

~,, 
75 4 6505 .400 26o +26 6506.100 
80 5 6505 .700 265 29 6505,400 
85 6 6506 .100 270 31 6504.600 
90 6.5 6506 .400 275 32 6504.100 
95 7 6506 .900 280 34 6503 .200 

It 100 7,5 6507.300 . 285 36 6502 .500 
105 8 6507.600 290 \ 38 6501.700 

I 110 8. 5 6508.000 295 39 6501.100 
115 9 6508.400 300 .41 6500.200 
120 9.5 6508.600 305 43 6499.500 
125 -10 6508 .800 310 45 6498.700 
130 -11 6509 .000 315 46 6497,900 
135 12 6509.200 320 47.5 6497.100 
140 13 6509.400 325 49 6496.200 
145 14 6509.600 330 47 6495.000 
150 15 6509. 700 335 43 6494,400 
155 16 6509 .900 340 40 6493,600 
160 17 6510 .100 345 36 6493.400 
165 18 6510,300 350 32 6493.400 
170 18.5 6510. 500 355 29 6493 .500 

[c 175 19 6510.700 360 +25 6493,t>DO 
180 19.5 6510.900 

Max. Change over any 20° 

+30° to +50° = 9-4 kc= 0.145% 

Allowed 0. 25% 
' 

. .-.... -t ,.... ,, '. .,.~ , .... p:"""' f ;.....,. -·-0 L ft,.,._ ~ • •• , . J- .... ; ... J • e . 
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Table 25 

Frequancy Change Due to Humidity Variation 

Band B 300 kilocycles Band E 6000 kilocycles 

Time Terr.p. H1.m1. Frequency Ttme Temp. Hum. Frequency 
MiI!.!_ ~ _!_ kc Min. ~ _L kc 

0 42 41 295,295 0 43 40 5992,700 
10 41 40 295.200 15 43 42 5992 ,700 
20 42 40 295,250 30 43 45 II 

30 42 44 295,320 45 44 52 n 

40 42 48 295,370 60 45 65 II 

50 42 58 295 .345 75 44 70 II 

60 42 62 295,300 90 46 70 II 

70 42 62 295.300 105 46 75 II 

80 42 65 295,300 120 44 80 5992,400 
90 42 70 295.300 135 45 85 II 

100 42 97 295,325 150 46 95 n 

110 46 96 295.225 165 46 96 II 

120 46 97 295,100 180 45 94 II 

1.30 46 98 294,980 195 45 95 11 

Max.Freq.Change 0,390 kc= 0.13% Max.Freq .Change 0 ,300 kc= 0.005% 

Table 26 

Frequency Change at Constant Ambient Temperature 
MCW 

278 kc 200 kc 600 kc 1200 kc 2000 kc 6000 kc 
Time Freq. Freq. Freq. Freq. Freq. Freq. 
Min. kc kc kc kc kc kc 

0 278.085 300.000 600.000 1200.000 3000.000 6000 .000 
5 278.250 300.150 ti " 3000.200 II 

10 278 .150 II II II 3000.400 II 

15 278.200 II 11 11 " II 

20 11 " If II II II 

25 II II II II II II 

30 II II II II " II 

35 I! " II " II II 

40 II " II It I! 11 

45 II It 11 II II " 
50 11 !I 11 " 11 11 

55 II 11 II II II " 
60 I! II II 11 II " 

Ff DECU\SSIF.if:D L..i. _________ ____ 
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Table 27 

Frequency Change at Const ant Ambi ent Temperature 
er, 

278 kc 200 kc 600 kc 1200 kc JOO0 kc 6000 kc 
Time. Freq. Freq. Freq. Freq. Freq. Freq. 
Min. - ~ kc kc kc kc kc 

0 277 .340 300.245 600 .340 1198.420 3000.000 6004,300 
5 277 .315 300.195 600 .290 1198.320 2999,700 6004.100 

10 277.275 300.050 600.190 1198.120 2999.300 6003.700 
15 277.180 299.950 600.090 1197.920 2999.150 6oOJ.400 
20 277.030 299.825 599.940 1197.720 2999 .050 600.3.200 
25 276.920 299 ,730 599,840 1197.520 2998.900 600.3 .ooo 
30 276.770 299.630 599.690 1197.340 2998.650 6002.800 
35 276.670 299.530 599. 590 ll97,140 2998.550 6002.600 
40 276 .570 299.430 599-490 1197 . OL,O 2998.350 6002.500 
45 276.425 299 • .335 599.440 1196.940 2998.200 6002.400 
50 276 .325 299.235 599 .360 1196.740 2998.100 6002.200 
55 276 .230 299 .140 599.340 1196.660 2998.000 6002 .000 
60 276 .130 299.090 599.260 1196.560 2997.850 6001 .800 

Total 
Freq . 1.21 1.15 1.08 1.86 2.15 2. 5 
change 

% change 0.43 0 • .38 0.18 0 .15 0.07 0.04 

_ _ ..,.:...._.$-.'.-':'.... - • • 



Table 28 

Audio Distortion 
Output Adjusted for 500 Milliwatts 

278 kc .300 kc 600 kc 
Modulation Harmonics Harmonics Harmonics 
Freq . 2 3 4 5 RMS 2 3 4 5 RMS 2 3 4 5 RMS 
Cycles % of Resonance Output % of Resonance Output % of Resonance Output 

200 10.0 4.5 3.0 0.5 11.4 9.0 4.0 2.5 10.16 10.0 4.0 3.0 1.0 11.22 
L.,00 -4 .• 0 5.0 2.0 0.5 6.72 .3.5 5.0 2.5 6.6 4.5 5.0 2.5 0.6 7.2 
600 .3. 5 5.5 2.0 6.82 3.5 4.5 2.0 6.02 4.0 '~· 5 2.2 6.41 
$00 4.5 5.0 0.8 6,73 4.5 5.0 1.0 6.8 5.5 5.0 1.0 7.5 

1000 5.2 4.0 0.5 6,57 5.0 4 ,0 1.0 6.5 6.0 4.0 0.6 7.23 
1500 3. 5 1.1 0.2 3 .67 4.0 1.3 0.2 4.21 4.5 1.3 0,25 4.7 
2000 1.2 0.45 0.1 1.28 1.3 o.6 0.11 1.4.3 0.7 0.45 0.71 
2500 4.0 1.2 0.2 4.18 3,2 0.8 3.3 J.O 0.8 J.l 

1200 kc ~000 kc 6ooo kc 
200 10.0 4.0 3,0 1.0 11.22 10.0 4.0 J.O 1.0 11.22 11 ~--:0-J: 0 1.2 12.lL. 

c,r 400 4.5 5.0 2. 5 o.6 7.2 4.5 5.0 2.5 7.2 5.5 5.0 2.1~ 7. 81 
' 600 5.0 2.0 6.7 4.0 4.5 2.0 6.34 5.0 2.0 4.0 4 . 5 7.0 m· 6.0 ' 800 5,0 5.2 1.0 7.28 5.0 5.0 1.0 7 ,14 5,0 1.0 '/.87 0 .. 

(1 1000 6.0 4 .0 0.6 7.23 6.o 3-5 o. 6 6.97 7..0 3,5 0 .6 7,85 
!_,_ 1500 4.0 1.0 0.3 4,13 4.5 1.0 0.2 4.16 5.5 1.0 0 .2 5.6 I ■ ,l , 

0 lo, 2000 0.32 0.45 0.1 0.57 0,5 0,4 0.64 o.8 0,4 0 .89 J> 2500 .3.5 1.0 3.64 2.7 0 .8 2.8 3.0 0.8 J.l I,_.._,, r n 
'4 J ;,> C ., Al lowed 10% lj .. ,, ......... 
- 1 -· C/"i -lTi 

-.Al~ •en! 
v 



Input 
_!IJ£Y._ 

5 
8 

10 
20 
30 
40 
50 
6o 
70 
80 
90 

100 

T&ble 29 

Overload 
Band A 278 kilocycles 

Input 
~Y.... 

Output mw 

5 
8 

10 
20 
25 
30 
40 
50 

200 
Output mw 

MCW Q}! 

250 250 
500 350 
650 380 
950 420 

1000 450 
500 500 
50 525 
0 550 

450 
250 
100 

0 

Band B 

MCW 

320 
600 
725 
975 

1000 
925 
200 

0 

Dial Setting 
300 

Output mw 
MCW cw 

300 750 
550 775 
700 700 

1000 0 
1025 

650 
100 

0 

' . ~ ' 
~ • - -- - ·-:_;..a..!..... • 

cw 

400 
450 
475 
500 
550 
500 
350 

0 

400 
Output lilW 

M9! cw 

340 500 
600 525 
750 550 

1000 625 
950 525 
225 250 

0 0 

I 
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Table 30 

Overload 

Band C 

Dial Set ting 
200 300 400 

Input Output MW Output MW Output MW 
ocv MCW ...Q!L MCW .2lJ._ MCW cw 

5 400 500 410 625 500 525 
8 675 550 650 650 725 575 

10 775 575 775 650 850 600 
15 ~5. 600 850 425 925 500 
20 1000 500 1000 200 1000 400 
30 450 0 325 0 150 0 
40 0 0 0 

Band D 

Dial Setting 
200 300 400 

Input Output MVi Output MW Output MYI 
~ MCW _Q_!_ MCW _9L _.M9L cw 

5 250 450 300 500 100 280 
8 500 500 550 550 250 410 

10 650 525 700 575 400 470 
15 750 550 800 6oO 550 500 
20 950 550 925 575 725 525 
25 975 400 975 450 825 550 
30 1000 250 875 JOO 900 575 
40 450 0 200 0 1000 600 
50 50 0 975 625 
6o 0 775 575 
70 400 450 
80 100 300 
90 0 0 

I 
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Table 31 

Crrerload 

Band E 

Dial Setting 
200 300 400 

Input Output MW Output MW Output MW 
mcv MCW SlL MCW _g[_ MCvY -9'.L 

5 625 575 250 500 650 500 
6 725 600 300 525 700 525 
8 850 550 500 575 850 525 

10 950 425 650 600 950 500 
12 970 150 750 700 1000 100 
15 1000 0 850 600 850 0 
20 625 950 550 150 
30 0 1025 350 0 
40 800 0 
50 200 
6o 0 

Band F 

Dial Setting 
200 .300 400 

Input Output ?Si Output MW Output !ff. 
mcv MCW _.QjL MCW _ill!_ MCW S1L. 

5 80 370 130 370 500 400 
8 200 475 300 470 775 430 

10 350 500 450 500 875 450 
15 525 525 625 525 925 500 
20 700 550 800 550 975 450 
25 800 550 875 550 1050 300 
30 900 550 950 550 950 0 
40 950 500 1000 475 250 0 
50 1000 350 875 350 0 
6b 800 200 350 100 
70 375 0 100 0 
80 100 0 
90 0 

[] 
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Table 32 

Reset 

MCW 
300 kilocycles 

Counterclockwise Clockwise 

299.290 299.340 
299.390 299.290 
299-390 299.245 
299.535 299.290 

Max. spread 0,290 kc= 0.096% 

600 kilocycles 
599.020 599,070 
599 .120 599 .270 
599.170 599.170 
599.070 599 .070 

Max . spread 0.250 kc= 0.04l% 

1200 kilocycles 
1195.700 1195.420 
1195. 420 1195.220 
1195.900 1195.020 
1196.200 1195.420 

Max. s pread 1.180 kc = 0.098% 

3000 kilocycles 
2996.800 2994.950 
2997.050 2995 .150 
2996. 850 2996 .150 
2997.200 2995 .900 

Max. spread 2.250 kc= 0 .075% 

6000 kiloc;vcles 
6000.800 6001 .700 
6003.200 6ooo.ooo 
6004 ,900 6004.000 
6002. 500 6002.100 

Max. spread 4 .900 kc = 0.081% 

cw 
300 kilocycles 

Counter clockwise Clockwise 

293 -105 293,235 
293 ,065 293,185 
292,995 293-115 
293,070 293.130 

Max. spread 0,240 kc= 0.08% 

600 kilocycles 
598.070 598.180 
597.980 598.390 
598.000 598 ,320 
597,950 598 .160 

Max. spread 0.440 kc= 0 .073% 

1200 kilocycles 
1192.820 1193-300 
1193.380 1193.720 
1192.920 1193,580 
1193.000 1193.600 

Max. spread 0.900 kc= 0.075% 

3000 kilocycles 
2995.750 2996 . 250 
2995.500 2995,400 
2995.650 2996.150 
2995-250 2996.550 

Max. spread 1.300 kc = 0 .043% 

6000 kilocycles 
6006.100 6006.600 
6005.500 6005,400 
6005.100 6007.500 
6007.100 6005,400 

Max. spread 2 . 400 kc= 0.04% 

.Allowed 0.1% 



Table 33 

AVC Action 

Recei ver adjusted for standard output in manual pos ition wit h al lowabl e 
noise level, then with srune i nput and receiver i n AVG position, ga in 

cont rol again adjusted f or stands.rd output . 

Input 278 kc 600 kc 1200 kc 3000 kc 6000 kc 
mcv Milliwatts Out2ut 

X 10 135 260 320 450 450 
X 100 145 285 350 500 480 
X 1000 150 300 365 . 550 500 
X 10000 165 315 395 6oo 510 
Power ratio 
at 10,000 X 

input 3.3 to 1 6.3 to 1 7 .9 to 1 12.0 to l 10.2 to 1 

Receiver in AVC position adjusted for standard output wi t h full gain. 

X 10 575 650 685 675 750 
X 100 750 800 850 810 875 
X 1000 850 875 910 890 925 
X 10000 925 950 990 950 975 
Power ratio 
a t 10, 000 X 

input 18. 5 to 1 19,0 to 1 19 .8 t o 1 19 .0 t o 1 19.5 t o 1 

Receiver in AVC position adjusted for standard output with 5 mcv input. 

X 10 58 58 65 95 130 
X 100 62 6o 68 95 135 
X 1000 65 63 70 98 138 
X 10000 75 73 80 110 140 
Power rat io 
at 10,000 X 

input 1.5 to 1 1.46 t o 1 1.6 to 1 2.2 t o 1 2.8 t o 1 

Allowed voltage ratio 3 to 1 {power r atio 9 t o 1 ) 

DECLPSSiPtEO 
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Table 34 

Loop Characteristics 

On Course and Reciprocal Minimum 

Freq kc On Course Reciprocal 

200 20 30 
500 10 20 

1000 20 20 
1500 20 20 

Loop Movement for Full scale Def lection 

100 mcv/_m 2002000 mcvLm 
Freq Total Total 
_lf£.... Left _Q_ Right Width Left _Q_ Right Width 

200 78° 90c 1000 22° 78° 900 100° 22? 
250 81° 90° 100° 19° 80° 90° 100° 20° 
500 82° 90° 101° 19° 82° 90° 101° 19° 

1000 80 90° 101° 210 80° 900 101° 21° 
1400 74° 90° 104° 30° 78° 900 102° 240 
1500 70° 90° 107° 37° 70° 900 106° 36° 

Left & right agreement Left & right agreement 

200 16.6% 16.6% 
250 10.0% 0 
500 27.2% 27. 2% 

1000 10.0% 9.0% 
1400 12.5% 0 
1500 15 .0% 20.0% 

IED 
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U. S. NAVAL AIR STATION 
Ariacosti&, D. c. 

JCL/ glll' 
F42-l/46-52(6)/ 
NA6 {224) 
serial #J910'i:. 

7 July 1939 

From: 
To: 

Subject: 

Commanding Officer. 
Director, Naval Research Laboratory. 

Aircraft Radio - Contract N0s-6416L - Model 
XGR/XRAP E:Juipment - Report on Tests of Pre­
liminary !.lodel . 

Reference: (a) BuEng. letter C-NOs-64164 (3-27-Rl) of 
3 April, 1939 to NAS Anacostia . 

(b) BuEng Conf. Specification Re-13A-541B. 
(c) RINU Baltimore letter L4-3/64l64 of 11 

May 1939 to Bureau of Rngineering. 
(d) Bt1Eng Conf. letter C-N0s-64l64 (5-1-Rl) 

of 19 May, 1939 to Director Naval Research 
r Laboratory and CO NAS Anacostia. 

' 
Enclosure : (A) Photograph AN-53561 - ?fodel XGF/XRAP In-

• 

(C) 

(D) 

stallation in SOC-1 Airplane #9856 -
Receiver Dynamotor, Transmitter Dynar:;otor, 
Transmitter and lower part of Receiver. 

Photograph .Ali-53562 - }i.odel XGR/XRAP In­
stallation in SOC- 1 Airplane #9856 - Loop 
Antenna and Receiver. 

Photograph All-53563 - Model XGR/XRAP In­
stallation in SOC-1 Airplane #9856 - Com­
pass Meter. 

Photograph AN-53564 - Model XGR/XRAP In­
stallation in SOC-1 Airplane #9856 -
Trahsmitter and Receiver Remote Control 

· Units on Right Side of Forward Cockpit. 

.. 

1 . This letter reports on tests made at this station on pre­
liminary model XGR/XRAP equipment. 

,., 
"-. Description of Equipment 

The XGR/XRAP equipment consists of an XGR transoitter and 
an XP.AP receiver with built-in right-left indicator circuits. The 
trcnsmitter is designed for voice transmission only, nnd is a four 
channel, pretuned, crystal controlled transmitter with a nominal power 
output of 15 watts . Frequencies between J ~nd 7 megacycles can be 
set up on the transctitter provided suitable crystals are available . 
Selection of the desired transmitter channel is effected by a single 
8~itch located in the trans~itter control box which can be oou.~ted at 

• ---c:.,•~--
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FL.2-1/ 46:·5~ ( 6) / 
NA6 (221.) 
Serial #39102 

subject : Aircraft Radio - Contract NOs-64164 - !,!cxlel 
XGR/XRAP Equipment - Report on Tests of Pr e­
liminary Model . 

for the r ecept ion of modulat ed or unmodulated energy bet wee:n the 
limi t s of 200-1600 kc a nd 2000 t o 8000 kc, plus a fixed frequency 
of 278 kc . The right-left indicator circuits are built as part 
of t he r eceiver and operate petween tr~ limits of 200-1600 kc 
and e.lso on the 278 kc fixed frequency . Control of the receiver 
and right-left indicator is effected from a r emote point only. 

3. Tube Lineuo 

The tube lineups are as follows : 

A. For the transmitter . 

Tube Quantity Function 

807 l Crystal Oscillator 
807 2 Power amplifier 
807 . . 2 Modulator 
42 

: 
1 Speech ru:iplifier 

B. For the r ecaive~, right- left indicator unit. 

TUbe Quantity Function 

6K7G 1 Loop stage 
6C8G ~ i l Module.tor 
6C8G 1 Switching oscillator 
6K8G l RF stage 
6L7G 1 Mixer tube 
6K7G 1 HF Oscillator 
6K7G 1 1st IF Alnplifier 
6K7G 1 2nd IF Amplifie r 
6R7U 1 2hd Det. A VC a11d 1st AF 
6K7G l CW Oscillator 
6K6G J. 2nd AF Amplifier 
6K7G il.. Compass out put s tage 

Appendi x B, page 2 
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Subject: Aircruft. R.o:dio - Contract N0s-6L.16L - todel 
XGR/Y.RAP E,quipment - Report on Tests of Pre­
liminary itodel . 

4 . Wei.ghts and Dimensions 

Unit Weight Height Width 

'f"rc,.nsmi tte!' 4).. 10-7/16 U-1/2 
Trnns-Contr-01 Box 1. 2-3/S 3-11/16 
Transmitter Dynamotor 23 ... 3/4 9-3/16 5-5/8 
Receiver 32-5/8 7-3/4 9-.3/8 
Receiver Control Box 1-3/4 2-7/8 4-3/4 
Receiver Tun Control 1. 2-1,¾32 2-31/32 
Receiver Dynamotor 8-3/4 7-3 8 4-3/8 
Loop Antenna 2-7/8 !L7 6-9/16 
Compass Indicator 1- 3/8 3-1/4 3-1/4 

Total 117-1/8 
Covers (2) 1-3/8 
Linkage (1) 1-1/8 .. Cables (10) 14-778 I I 

". , 134-1 2 

Length 

19-1/8 
5-1/16 
9-1/2 

18 
5-1/4 
5-11/16 
6-1/4 

ll-7/8(DIA) 
3-'.13/16 

Weight of transmitter and receiver was recorded with tubes and crystals 
in the respective equipments . 

5. Cable and Linkage Lengths 
J 

Cable 

Trensmitter Dynamotor - Battery "" 
Trans mi tt~r Dyn~n,otor-Transmi t ter 
Tr~nsmitter Dynamotor-Remote Control ~ox 
TransmittGr-Remote Control Box 
Tr~nsmitter-Receiver (Sidetone) 
Recei~er Dyno.motor-Battery 
Rec~iver-Receiver Remote Contr-01 Box 
Receiver-Loop 
Rsc~ivc:r-Compass Meter 
Receiver Remote Tuning Linkage 

6. History of Tgsts 

Length (incb!:s) 

60 
72 

108 
144 

36 
42 

144 
70 

180 
120 

. . 
'1' 

The XGR/XRAP equipment re~ched this station on 14 May, 1939. 
FlQght t~sts were made in XSBU-1 Ai.rpl&ne #9222, SOC-1 airplane #9856 
r.nd JE-1 airplane f/0795. TwE>n ty flights werEl made totalling a flying 
ti.roc, of approximately 30 hours. 

4 
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Subject: AircrJ:l,ft Radio - Contract i0s-6416L - Moo~l 
XGR1/XRl;P ~~uip~ent - Report oq Tests of Pre­
liminary Model. 

- - - - -

The XSBU-1 a.irplan~ was equipped with e.n NEA-lA generator, 
the SOC-1 v.itb on .NEA-2 generator and the JE-1 ,·,i'th an NEA-2 generator. 

:c' -

7. 

-

• • 

-· 

Outline of Tes ts 

A. Transcittcr 

(1) • Power output in full Vee sntenna. 
(2) Power output in half Vee antenna. 
(J) ~e of antenna coupling circuits, 
(4) Quality of transmissions. 
(5) Operation at altitude. 
(6) Frequency stability in flight . 
(7) Mechanical Inspectio!.l. 
(8) Check of weights . 
(9) Check"of dimensio~s. 
(10) Power input requirements. 
(11) Installation facility of equipment. 
(12) Operability of equipment. 

(1) 
(2) 

fl~ 
Sensitivity. 
Selectivity. 
Freedo~1 from cross wodulation. 
Volume control characteristic. 
Receiver overload • ( 5) 

.. ~ S (6) Image response . 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 

'• (13) 
(14) 

AVC operation. 
CW operation . 
Weights . 
Dimensions. 
Installation facility. 
Operability. 
~techa.nical inspection. 
Operation at al titu:le . 

8. Power Output of Transmitter 

Transmitter po1.er output ,•,;:s measured 7ihc:n using an f'EA-lA 
gc:neretor ~nd full and half Vee antennas en XSBU-1 oirplane #9222 . 
Ths antenna constants were not rnecsured in this )'.)c..rticulcr installa­
tion but the antenna di~enSiQnS ~~rt such that the v~lues of resistance 
and capacity corresponded closely to the constants given in p~rngraph 
3-4 o:' _refer:E:nce · (b) . An externd a.nt£;nna amocter v/as used "'rrl the 

, 
' . ... l 

'. .I 

'. 

;-



., ■ .,., .. Ill II.&• ... • --J"f :,. -r:r;I--· t,a!! • ••• ., .. ~ • .-,l.; -• ~ ..... 
• . C"&-! D • ,t I .,. .... I ~I 1 

.. . ~ . . 

. . 102 

Subject: /\ircraft Radio - Cbntract N0s-64il64 - foodel 
XGR/XRAP Ea_uipment - heport on Tests of Pre­
). iminary Model. 

- - - - - -

, -: 

accuracy of measurements vms probably 35%. The voltage regulator 
was adjusted to 14.,3 volts with no load on the genera tor • 

Supply 
Volts Ant. A.."lt. Ant. Ant. 

Freq . Full load L L Power _I_ 

3105 12.4 1.3 68 2.9 1.5 
3105 12.4 1.7 107 6.8 2.0 
4220 12.4 1.4 70 3.4 l,55 
4220 12.4 2.2 125 10.? 2.2 
6210 12.4 2.0 82 2.9 1.Z 
6210 12..4 4 .2 280 12.1 1.7 
6630 12.4, 2 ,3 88 4.5 1.4 
6630 12.4 

~ 
5,0 450 18.1 1.9 

9, Range of Antenna Circuits 

~ . 
~ 

t:;.. 
• 

I . 1 
;; . 

;~. 

At 3000 kc the transmitter operated satisfactorily into . _. . ~ 
trailing antenna whose length varied from 1.5 to 98 feet. At 6630 ~• .~• 
kc satisfactory operation was obtained with antennas that varied .from .. ~~-'i- ... ~ 
0 to 3J feet. This is considered satisfactory.. Operation of the ~ ~..; •..,i 
antenna resonating circuits is simple and ,5traightforward . - J -• .~~ ·.=~- 1 

• ..,,.,,.1 • • I I 

,. 10. Quality of Transmission (3-4) · -L~ • ~..,r 

The sensitiv~ty of the modulator circuits in the trans­
mitter was found to be some-1':hat excessive for aircraft use. Paragraph 
3-14 has been met but the microphone current in the XGR transrnittar 
is higher than reg_uir6d in order to produce 1 volt output across 
100 ohms. A series resistanco of 15 ohm.sin the microphone current 
supply reduced the microphone current to a point where the desired 
modulator sensitivity was achieved. 

11. ·Operation at Altitude. 

Setisfactory operation was secured up to 23000 fe~t altitude. 
For this test the tr~nsmitter was tuned up on 3000, 3105, 4220 and 
6630 kc and the antenna used ,·,as c. trailing antenna which extended 
only J feet beyond the fe.irlead. With this antenna, and tuned for 
full power operation on 3000 kc, the voltages developed correspond 
to the maximum to be encountered in service installations. No flash­
over or impaired operation was observed. Receiver Gnd CompA.ss opera­
tion was like~ise satisfactory. 

App~ndix B, · page 5 
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Subject: Airer.aft Rad10 - Contract t!Os-64:164 - ?.lbd.e1 
XGR/~ Equipment - Report on Tests of Pre­
lioi.n~;ry flodel. 

12. Frequency Stability 

Frequency stability of the 3000 kc crystal wns measured 
during one flight to an altitude of 23000 feet . The shift in fre-­
quency was less than 10 cycles. During the flight tha temperature 
varied from 30°C to 17° C. Measurements are accurate to 2 cycles , 

13, Receiver Operation 

Electrical characteristics of the receiver proved satis­
factory in flight with the single exception of the volume control 

. . ' 

' I 

. ~:• .. 
.. -~ l. . _ a..-..:,~- 1 .... ,.,, 

·J.'i· .... •..:.-1 , ,characteristic in the MVC position. The range of this control was 
too great am consequently the adjustcent of the volume becaoe 
critical. At minimum setting of the volume control, in tbe MVC 
position, the MCW receiver sensitivity should be approximately 
500,000 microvolts per paragraph 3-37 . 

~(: C l_sJ 
~ \.~t .l 

.1. • · • •~l"t ... " p .... • 

" ·" \• '-t~.-♦- c.:..--:, 
.,,_. ""ile'; ,~)_.~ l -~- .>_.-..-, ~l 

~ .- i .. , . , .. ,..1 ... 
14, Compass Operation 1'! .,. ~ ~ 1. , • , ,- , ~-•· l 

~ ~ Some difficulties were experienced in operating the right~ _· • ·, .J .l -~ 
~ · left compass . The compass was operative in the laboratory but no 

• : .. results could be secured in flight. The difficulty was traced to a 
spurious ground connection in the right- left meter itself. This was 
corrected by the contractor and the compass then operated in the air 
butt~ sensitivity was poor e.nd the sense of the instrument was re­
versed. Proper sense was secured simply by reversing the loop leads 

·.end the low sensitivity was traced to the hood structure of the 
~ XSBU- 1 airplan~ #9222. The equipment was then transferred to SOC-l 
:-- airplane #9856 and operation proved satisfactory as indicated by the 

fo1'1owing cooments. ·· -. 
•N- I·. . : 

• . A._ Sensitivity . ' ... _ ;-
The compass sensitivity is sufficient t<:> give 

full scale meter deflection on such stations as WSVA, 550 
kc, Harrisonburg, Virginh, end hF.NL, 880 kc, Richmond, 
y;hen flying locally and using a small sense nnttlnnn . The 
field strength of thes~ stutions is low enough so that 
identification of the station bec~mes extremely difficult 

. . . 

n.nct voice trruis□issions a.re normully not intelligible at all. 
(.. . -
.-

" ,,. 
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Subje'ct: 

- - - - -

. 
Airer.aft 
XGR/XRAP 
limim.1.:r;-y 

n • • 

J :,. ~ 
j • .'. t " 

Hao io - Contrsct -.'ijti_s-~lJ.:64 - tilcjqel 
Equipment - Repor~ ob t ests of Pre­
f, ode 1. 

B. Inte;J.,l:i.gibility 

The compass does not affect the intelligibjlity of 
received signals ~hen !1.ying on course but like all compasses 
of the right-left type , the switching frequency can be heard 
~hen listening to off course signals. Jhe switching frequency 
in the XRAP equipment is 48 cycles. 

C. Selectivity -: 
• I 

The compass selectivity w~s sufficient so that good 
~ beari ngs r.ere obtained on su.tion WIP Philadelphia r.hich operates 

on 610 kc, 500 w~tts, when flying in the vicinity of WCAO Baltimore 
which operates on 60o kc. Similarly good bearings were obtained on 
range G J , Gordonsville, Virginia, 347 kc when flying over the 
V'/'ssbington range which operates on 332 kc. Bearings were also ob- 1 

tained on \iDEL, Wilwington, Delav.are, 1120 kc, with the plane within 
, two miles of the radio towers of ,,PG Atlanti c City, 1100 kc . 

. 
. Compass ~nd .receiver op~ration was secured within 

lOO feet of WPG tc~ers , Atlantic City. No overload was observed 
•,-;1th the receiver operati ng in the AVC position. · ,. 

. • 'i,'! F. : Meter DWlping 
, 

',The da'!lping of the right-left meter of the XRAP -0quip­
csnt is ~uch great.et than any sioilar net~r tested c't this st<ltion. 
This hiE,hly ,iarr.pea·rocter mD.kes the course indications much easier 
"'.,o follow in flight, .particul£..rly when flyin[ close to the station 
on ,;;hich the corpass- ·:i:s upen.tine . I • . . ,, . ~ 
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Subject: !i\ircraft Ratiio - 9,mtract· t:I0s-6L.:Lb4 .... MC>dei 
XGR/XRAP Equi,pmen t •· ReP9rt on Tests of Pre­
iirainary ~Q<ieJ. 

L I 

G. Cross f.lodulation 

Compass was unaffected by tuning to too tlifference 
frequency of WRC and ViOL and flying in the immediate vicini_ty 
of the two stations. 

H. Operation with Headrest Loop 

~ Since the loop provided with the XRAP was of the 

I. . 
I, • ,ri 1 

low impedance type, a transfor1.1er was required to match the 
standard headrest loop with the XRAP equipment. Th~ neces- .. 
sary ,transfor~er was provided by the contractor t.nd suitable ­
operation was obtained in flight and on the ground ,~hen 

.!Wii ,~ .... J 
., ' 1111 .. 11111 ": -': -.i ., i 

-I~:: .. /~~ ~\.f j 
using the headrest loop and matching transformer combination. 

Installation Facility 

.l.'I. • - ... r: 
T • ,~. -s" • •.c,., ... ~• . r., .. Jf.~·· . 

, 'l :Jtt -~~ t;-
• ,, • ~·J 
,·~t~.{l~ 1 a!..w!',. • 

1 .. • -=.a • .; £!..­Transraitter 
J. .-· ~ t), • 

&....... • • .. • • .. ...... ~,ot_ ... 1 
I f _J-

~ r. • t 
:. ---~~... : ~ ~-. Satisfactory. ~ 

z: . 
Receiver. n t.,_.r,. - ::;- _ ... · ~ ~ ~-.~_-;-, . 

I. ~-

J"' Requires special mount in all planes but no 
~ =--~~. ·. -

plane he.s been found on the station where the physical space . 
is not available for counting the receiver. Three changes in·· 
the receiver design are considered desirable to improve instal: 
lation fucility. They are: 

ti ·-
( l) Bring mechanictl tuning linkage to rec~iver from 

the direction opposite to th&t provided en the model. in 
this way no additional clearance will be necessary to the left 
of · the receiver. ; 

l 
..! 

(2) Use"wing nut Dzvs fasteners instead of present 
type. 

(3) Provide notch in rear hold do~n clip at rear 
center rrounting hole in receiver mQunting bas~ as noted in 
par~graph E-1 of reference (c). 
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C. Loop 

Satisfactory with the exception that a plus or 
minus 5° adjustment of the loop is considered useful for 
lining up t~e loop with the fore and aft line of the plane 
and a lowering of the loop outlet receptacle may facilitate 
mounting in planes of the transport type. 

D. Dynamotoz-s 

• ,lo $atisfactory. 
• . 

" ', E. Control Boxas and Receiver Remote Tuner. 
f 

-1 ~ • 
I t Satisfactory. 

I . . 
.J.6. Conclusions. t' .. ... I: 

._ 

The performance of the model XGR/XRAP equipment 
during flight tests bas been generally excellent. Tho transmitter 
is a decided improvement over the predecessor model due to the 
slightly lower ibput power required, and due also to the improved 
action of the crystal circuit and the greatly improved lmtertna 
resonating circuits. The receiver is superior to its pred&cessor 
model inasmuch as it incorporates a CW beat O$Cilletor, provides 
bea.con re-cc,ption (200-400 kc) in a single band and -provides a more 
suitable design of receiver remote controls. 

The right-left compass whose circuits are built 1 .,. • 

as an integral part of the receive~ has given the best performance 
of any compass tested at this station. The SCR-242-A corapass was :- ,,.. ',." 
more sensitive and more selective than the present equipment but ...l 

the additional sensitivity and selectivity does not appear entirely 
necessary. Considering the size of the loop, the snootl'Lness of ~ 
operation, simplicity of circuits and general workmanship, the XRAP , 
compass is much superior. lnstallntion of the entire equipment can 
be accomplished in most navy planes with as little difficulty as can 
reasonably- be expected from eqw,pment whose design is as elaborate as 
that of the GR/RAP, but it is still considered desirable to rrake in-
stallations of only a permanent or semi-peri:ianent nature . 

17. Recommendations 

I The attention of the Bureau is invited to tha ~ol-
1 nw i c,, 1"1.:,tn;1~ f'l""\r- -T"..,...,l"'.-:·rrn~-;.""+,,. r-i..,.,+..;-"'"" 
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' A. rfr.ansoitter. 

(1) The transmitter control box furnished with · 
· the mcxiel GQ is preferred to that fu.rnisheq with the model 

GR. The two units are electrically interchangeable and 
mount in the same holes but the separate stem.by switch 
and the sbape of the box furnished with the model GO is 
desired. (3-2)(5) arrl (,3-8)(1). 

(2) Reduce modulator sensitivity, preferably by 
putting resistance in series with microphone current supply 
so that the transmitter cannot be overmodulated by the output 
of a standard Navy microphone. (3-14) • 

'♦ 
• I 

~ (3) Corrosion was observed on the plated parts 
the frequency shifting mechanism. (2- 5), 

",. .._ . , •JJ,•""'-'fMIP4~a 

(4) Increase torque of frequency shifting motor ' i nJ• ~,. ·" 
transmitter. Motor failed to operate when shifting from t ~~ ", f::----'--',:'__l 
position 1.. to position l on ll volt supply. ( 1-5 )( 1) . -~ :,- . ~-

-1~.,,,,,. .. 
( 5) Rewrite paragraph 2-4-4(A) page 10 of ins true- ,fi,"-...,. 

tion book as follows: "Set the meter swi tch to position C • ., -1,_,,..._ 
Rotate the oscillator dial associated with the selected chan-; ~ ~ 
nelt until the meter indicates about 75% of maximum grid cur--~-..l 
rent 

11 
• ,~c...,-,._- 1u11,-,.._-= ~ t _; •~ "'• - "..Ji-I'-:-~-·~ •, 1 -i .. ~~--1.-; ... •• '-;. ,_,. .. r-~ ji ' e- .. - .. 

• .,... ~· _..-.,r -,__ ._, , ~r 

.. 
Provide wing nut Dzus fasteners in place of scr~w • 
supplied on model. (1-4) -- ..... ·~ - ~-

··1;1~ ..... ~"' Attach mechanical linkage_to receiver' froci • 
such an angle that no additional~clear~nce is necessary for 

, the linkage. (1-4) • .,. •. ' · · 
I ... ,. . 

,i· (3) P; ovide notch in re down cli P. ~t rear 
~center moun i ~ o e i n r.eceive (1-4) ' . . . ,,: ' 
,. . . ( ·bandz on 

nErr.leolate • of pres~nt 'A ,B, C, Q,, .. 
owing RE-lJA-516B under 
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1·· 

{5) Engrave s.dd.itional scale for 400-800, and 
S00-1600 bands on receiver remote tuner. The 200-400 
scale should remain subst~ntially tmcbanged and the ad­
ditional scales be a-s large as space permits, while still 
being engraved on the bevelled surface. 

The present scale is now marked as follows: 

400 
<' 

350 300 250 200 
I. .. • The desired marking is: 

• !. ,"' I . ' 200 .... J. 250 300 350 400 ~ 
400 500 600 t_ 700 800 
800 1000 ... 1200 1400 1600 • 

(6) Range of tbe vol ume control on MVC should be 
reduced to bring it just within the requirements of paragraph 
3-37. 

(7) Conn~ct loop leads so right-left indicator 
needle points towards station. In a normal installation 
the loop outlet receptacle is on the left hand side of the 
loop when viewed from the after cockpit, and the sens~ 
antenna is above the "loop. 

(8) Receiver and receiver control bQx weight is 
slightly in excess of specifications (3-2)(8)and (3-2)(11). 

(9) Compass sensitivity was generally satisfactory 
but the action of the right-left meter became sluggish when 
using large sense antennas. Adjustment of circuits is 
desirable to give improved action with large antennas. 

(10) Spa.re right-left meter should be procured. 
50% spa.res is conside~ed a reasonable figure . 

(11) Rewire circuit so that volUP.ie control has no 
effect on sidetone in AVG position. 
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c. Loop Antenna 

(1) Provide plus or minus 5° adjustment of the 
loop azimuth. This can be done simply by elongating the 
four horizontal m_ounting holes at the base of the l oop shaft. 
(l-4) 

(2) Lower the loop outlet receptacle as far as 
possible. This may assist in installing the loop in planes 
of the transport type. (1-4) 

• I .. ' D. . . Cables • 

(1) Provided permanent or semi-permanent instal­
lations are contemplated it is recommended that cables .md 
linkages be furnished in bulk and then cut to l~ngth at the 
time of installation. If this _procedure be followed, it is 
recommen:ied that the transmitter-transmitter remote control 
box cable and the receiver-receiver remote control box 
cable be shortened from 144" to 132" and the transmitter­
receiver (sidetone) cable be lengthened from 3611 to 60 11 per 
unit. {3-2) (6) 

E. 

F. 

to gli'een 

G. 

Nameplates 

(1) Paint on nameplates came off dµring test. 

Indicator Lights. 

(1) 

(2) 
for 

Red bullseye on indicator lights is superior 
power on-off indication. 

Interphone (ICS) Circuits. .: 

It,.,is recommended. that ICS circuits be inc0rporatetl 
in the XGR/XRAP eqUipment. This can be done without any 
additional units or cables and with an increase ii.11 the weight 
of the receiver unit of approxirr~tely 1 pound. The system 
which appears most feasible is tpis: ·1 

...... 

f) .. _ ..... 
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This ~rangement will accomplish exflctiy the same results as 
were secured from the installation of the model GQ equipment 
and the TIC-2 interphone in SOC-.3 airplane #1078. This ar­
rangement permits the occupant who has access to the trans­
mitter control box a choice of radio or res and permits the 
other occupant(s) to talk only on ICS. Provision of two 
microphone jacks in the receiver will permit res communication 
between two occupants without any transmitter being installed 
or between three occUpants when a transmitter is installed. 

H. Drawings 

(1) One change in the installation drawings is 
required; the overall height of' the loop should be shown 
as 1711 instead of 17-.3/1611 • Note reference (d) • 

Copies to : 
BuAero (2) 
BuEng (2) 
NAF Phila. (1) 
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