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AUTHORIZATr. ON 

1. The tests herein reported were authorized by ?ureau of Aero­
nautics, letter AEF.-E-310 D:'.B, F'42-1/46 of 5 October 1940 

OBJtJCT Oi TESTS 

2. The object of these tests was to: 

(a) Deter.c:1.ine its electrical perforniance characteristics. 

(b) Determine its adaptability for use in Naval f~ircraft 
Service. 

(c) Examine the equipment and note any pertinent or unusual 
features. 

ABSTR)CT OF TESTS 

3. The equipment was tested for electrical performance and its 
adaptability in Navy planes and suitability for use in Naval .fl.ircraft 
Service. 

1'he tests covered the following points: 

(a) Sensi ti \ti. ty 
(b) Selectivity 
(c) AVC and Overload. Characteristics 
(d) frequency stability 
(e) Image rejection ratios 
(f) Spurious signals 
(g) Accuracy of Calibration 
(h) R.esetability 
(i) Current o.rain. 
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CONCLUSIONS 

The follcw.ring conclusions were reached as a result of these 
tests: 

Considering the high frequency ranges coverec, the electrical 
performance of the receiver is good. However. mechanically this e(~uip­
men t is entirely unsatisfactory for Naval .. tircraft Service. To make 
the necessary changes would involve complete redesign. 

The follo'Yi ng are oorne of the features that make this equip-
ment unsatisfactory: 

(a) The volume required for installation is too great. 

(b) ·v.reight of complete equipment is too high. 

(c) No provisions for local tuning. 

(d) Hethod of installing cables, plugs, and mechanical 
linkages not suitable for Naval Aircraft installation. 

( e) Component parts of equipment not designed for quick 
detachment from installation. 

(f) Installation of tuning and band change linkages too 
col!l.plicated for Naval Aircraft service. 

(g) Tuning crank on remote control box not sufficiently 
smooth to permit fine tuning. 

(h) lTechanical construction of :receiver not rug:;ed enough 
for Naval Aircraft service. 

(i) No provisions for c. h. reception. 

(j) Vibrator zype of power supply used. 

(k) Seventeen vacuum tubes are used. 

la 



Recoi::IO.endati ons 

AS a result of these tests it has been C:,eterrnined that this 
equipment, in its present form is not satisfact.ory for use in Naval 

Pircraft service. 

lb 



DESCRIPTIGN OF Elil)IP. i:,NT UH ::iJl_ r:::;sr 

4. The subject equipment, manufactured by Radio Receptor Co., 
Inc., of New York City. and known as Type RUH Ultra-High Frequency Re­
ceiver, was manufactured for Civil Aeronautics Authority in accortance 
with C.L.J.. Specifications Ho. CJ.J .• -13. The equipment is designed 
for use in co:mr.ercial aircraft to receive voice a;1d range signals in the 
frequency bands 60-66 me6;::.cycles and. 123-132 megacycles. ~ov"i.sions are 
made to permit continuous tuning thro1.·.ghout both of these bands. Llso 
two crystal controlled spot frequencies are provided in the 123-132 
r,1egacycle band. The receiver may be sw.i tched from manual tuning (in 
both bands) to either of the crystal controlled spot frequencies. and 
back to manual tuning without disturbing the setting of the manual tuning 
control; the same tuning control is used for both bands. 

5. The receiver is operated from a remote control unit which may 
be located up to twenty feet away. 

6. The complete equipment consists of the following: 

(a) Radio Receiver (with shock mounts attached). 
(b) Cable for airplane's telephone circuit. 
(c) Battery cable. 
(d) Control box cable. 
(e) Two flexible tuning shafts. 
(f) Remote control box. 
(g) Instruction book. 

7. The electrical ciesign of the receiver is based on foe triple 
detection (double superheterodyne) principle; i. e., t1.1e frei:.~uency of the 
signal is stepped d0vm twice before ci.emoc-.uhtion takes place. Two 
oscillators are used; one crystal controlled, and the otDer electron coupled. 
Several frequency multipliers are used to obtain the necessary intermediate 
frequencies. 

8. For reception of ran~e signals, two crystals are provided; one 
having the fundamental frequency of 9.7666 megacycles and the other of 
fundaraental frequency of 10.2083 mega.cycles. Khen the first crystal is 
switched in the circuit, the ninth harrrLOnic is used to beat with the in­
coming signal of 125 megacycles, and generate an intermediate frecpency 
of 37 .1006 megacycles. The third harmonic of the crystal is used to beat 
vr.i. th the first inter.mediate frequency (37 .1006 r.1c) and generate a second 
intermediate frequency of 7.8 mega.cycles. T:hen the second crystel is 
used exactly the same process is utilized, except that the incoming signal 
is 130.3 megacycles and the first intermediate frequency is 38.4253 mega­
cycles. 

9. For reception in either the 60-66 m.eg,cycles or 123-132 mega-
cycles bands, the self-excited oscillator is used. The funda~,.ental 
frequency is variable over the range of 22.6 to 24,84 megacycles. The 
fourth haruonic is used for both bands to generate the first intermediate 
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frequency which lies in tite band from J0.4 to 32.64 ,;,eg2cycles. The 
fundaioontal of this oscilJa tor is also injected into the second mixer 
in order to generate the second intermediate frequency of 7,8 megacycles. 

10. Plate /-11 is a black diagram illustrating the principal func-
tions of the receiver. 

n. The prima!'Jr source of power is obtained from a 12 vol ts storage 
battery with the negative terminal grounded. '!he high voltage is ob­
tained by a vibrator-rectifier unit, which is contained in the receiver 
housing. 

12. The remote control box unit is designed for mounti.ng on the 
instrUiil.ent panel. The tuning crank operates a mechanism which includes 
veeder counters: the fib'U.res inc1icatin5 the frequency in me~acycles. 
The window where these figures ap::iear is indirectly illU1Pinated. P.nother 
crank is provided for switching to either band and the two spot frequen­
cies. Other controls on this unit are, oscillator thermostat switch, 
receiver switch, volume control for JYC, volume control for rlanual opera­
tion, and pilot lamp brilliancy control. The only frequency calibration 
of the receiver is incorporated in the remote control 1.111it. 

lJ. The receiver input circuit is designed so that two antennas 
may be used; one for reception in the 60-66 megacycles band, and the 
other for reception in the 1.2.3-132 megacycles band. Each entenna should 
be connected to the receiver through a coaxial transmissi0n line, having 
a characteristic impedance between 60 and 75 ohms. 

14. The receiver has no preselector stage! the anterma going 
directly into the grid circuit of the first mixer stage. Jlso, no 
antenna trimmer is provided. 

15. The output circuit is ces;i.gned for 250 ohms headphones. No 
d.c. is present in the output circuit. A cable connected in parallel 
v,i th the output is brought out from the control box for the purpose of 
connecting it to the plane 1 s telephone circuit. 

16. Plate #2 is a schematic diagram of the receiver and control 
box. 

>ETHOD OF TEST 

17. A description of the methods used in conducting the tests fol-
lows. Each unit was cheeked for size and weight. They were then as­
semble d and tested. for electrical perforir,ance. 

18. JiJ.l measurements were ;nade on the b2sis of 10 milliwatts into 
250 ohrilS load. 'Ihis will be referred to as stancard out:;ut. 

19. .A maxi.mum signal noise ratio of 4:1 was used for these tests. 
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20. During all tests no atteript was made to align any of the re .... 
cei ver circuits or change any adjustment. 

21. To determine the frequency range and calibration accuracy, 
measurements were made w.i.th a crystal frequency indicator. 

22. Sensitivity measureir,ents were made by the use of a standard 
signal generator and an output meter. The output impedance of the signal 
generator was 32 ohms. The output meter was adjusted for 250 ohms load. 
Uith the gain control adjusted so that the signal noise ratio did not ex­
ceed 4:1, the micro-volts input necessary to produce standard output at 
resonance was recorded. 

23. The spurious response and image ratio measurements were made 
with the use of a standard signal generator and an output meter. The 
receiver was adjusted for standard outPJ,t at resonance. Then with all 
other controls remaining fixed, an input voltage large enough to again 
proruce standard output at all possible interference frequencies was 
introduced. The spurious response ano. image ratios were determined as 
the ratio of these input voltages, witi1 respect to the input at resonance. 

24. To determine the selectivity, a standard signal _,merator and 
an output meter were used. The signal generator was adjusted to produce 
standard output at resonance. Then., with all the controls of the recei. ver 
remaining fixed, the signal generator was detuned and the input to the 
receiver increased ten, one hundred, and one thousand times successively, 
and in each condi ti. on retuned tovrards resonance until standard output 
was again obtained. This was done above and below resonance. The 
selectivity was determined as the frequency displecement of the carrier 
frequency at these settin~s from that at resonance. 

25. The .L V. C. a.."'ld overload characteristics were determined with 
the use of a standard signal zmerator and an output meter. The receiver 
was adjusted for resonance with the gain control at maximum, after whi,ch 
the input voltage was increased in small increr:'.ents, and the resulting 
p011er output for each step noted. This test was conducted for both AVC 
and raanual operation of' the receiver. 

26. The resetability of the tuning control was determined by tun-
ing the recei. ver to a predetermined setting several times from both clock­
wise end counter-clockwise rotation, and measuring the frequency at each 
setting. The resetability was computed by averaging these frequency 
measuranents. 

27. The total current drain was determined by connecting an am-
meter in the primary power supply circuit (storage battery) and noting 
the current drain with the receiver turned 01. 

28. The frequency stability was determined as follows. For re-
ception in the 60-66 megacycles and the 123-132 megacyclB b~ds, a tempera­
ture controlled electron-coupled oscillator is used. The manufacturer 
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recommends that before using either of these two bands, the heater oven 
be turned on far one hour. Vfuen the receiver is used for reception in 
the 125 and 130.3 megacycles range channels, a crystal controlled oscil­
lator is used. There are no prov.i.sions for temperature control of the 
crystal oscillator. Tests were conducted to determine the frequency 
drift during the first hour, starting from the "cold11 condition. During 
these tests the equipment was maintained at room temperature of 2t> °C. 

DATA RECORDED DURIID TESTS 

29. Data recorded during tests in the form of tables and plates 
a.re appended to this report. This and other data pertinent to the tests 
are discussed under Results of Tests. 

DISCUSSION OF PROBABLE ERRORS 

30. Following is a list of apparatus used with margin of errors 
according to the manufacturer's rating: 

\7eston d.c. voltmeter Model 45 
Vleston d.c. a;:uneter Model 45 
Radio Research Co. Crystal Freq. Indicator-112 
General Radio output PoVfer Meter 583-A 
General Rad:i. o S·0andard Signal Generator 605B 
Ferris i.a.crovolter 18B 

RESULTS OF TF.STS 

+ 0,05% 
~ 0.05% 
+ 0.001% 
+ 07.0% 
+ 10.0% 
~ 15.0% approx. 

31. The electrical performance tests were conducted in the manner 
outlined under Method of Test. 

32. The sensitivity in the 60-66 megacycles band was checked at 
three points and found to be fairly uniform at 5.25 micro-volts. This 
is shown graphical:cy in plate #3. 

33. In tl1e 123-132 megacycles band the sensitivity was also checked 
at three points and frund uniform at 9.5 microvolts. A.t the 125 mega­
cycles crystal controlled spot frequency the sensitivity measured 10 
microvolts. See plate #4. 

34. The over-all selectivity in the 60-66 megacycles band was 
checked at 65 megacycles. At 10 times the input, the total band width 
is ll4 KC, at 100 times 182 KC, and at 1000 times 325 KC. See plate #5. 

35. The selectivity in the 123-132 megacycles bend was checked at 
124 megacycles. The band width at 10 times was 216 KC, at 100 times 
384 l(C, and at 1000 times 490 rm. See plate #6. 

J6. The selectivity for the 130.3 megacycles channel was found to 
be 233 KC at 10 times, 356 KC at 100 times, and 471 KC at 1000 times. See 
plate /f7. 
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37. The AVC and overload characteristics of t.he 60-66 megacycles 
band show that wi t.h the switch in manual position, the receiver starts to 
block at 200 microvolts input and reaches complete cut-off at 700 micro­
volts input. -V:!ith the switch in the AVC position, the J..VC takes control 
at -$0 microvolts input and maintains the output constent to .:!:: 1 DB. No 
evidence of audio amplifier blocking was present when the input was in­
creased up to one-tenth volt. See plate #8. 

38. In the 123-132 megacycles band, receiver blockin~ does not 
occur in manual posit.ion,. The gain is fairly uniform up to 100 micro­
volts input, and for higher inputs the ou.tput increases a maximurc. of 4 DB 
at one-tenth volt input. The LVC characteristics of this band are practi­
cally the same as for the lovrer frequencJr band except that the f_VC takes 
hold at 100 mcrovolts input. See plate /-/9. 

39. For the 125 and 130.3 megacycles channels, the characteristics 
of manual and .AVC operation are essentially the same a.s for the 12.3-132 
megacycles band. See plates fll.O and #ll. 

40. The frequency stability tests were conducted as outlined under 
Method of Tests. In the 60-66 mega.cycles band the maximum frequency 
drift was found to be .... 0.091~~; in the 123-132 megacycles band it was 
-0.034%; the maximum drift for the 125 megacycles channel was -0.005%; 
and for the 130.3 megacycles channel -0.0016%. See plate #12. 

41. Ch all bands at ma:x:i.mum gain the noise level was below 2.5 
milliwatts so that in all cases when standard output was obtained the 
signal to noise ratio -vras greater than 4:1. 

42. The image rejection in all four bands was found to be in ex-
cess of 1000:1. 

43. In view of the fact that for each of the reception bmds a low 
frequency oscillator and sever2l frequency multipliers are in operation, 
a check was made for spurious signals, either as a function of the fun88-
mental oscillator frequency, one or more frequency multipliers, or a com­
bination. The frequencies and inp1 .t voltage ratios for standard output 
are noted in table /fl. Signals of ratios higher than 1000 :1 are oIPitted. 

44. The accurady of calibration for each band is shO?.n in tabulated 
form in table {;t2. 

45. The resetabili ty of tuning control in both bands was found to 
be .:!: o.oJ~~-

46. The current drain from the 12 volt storage battfry was found 
to be 4.6 amperes. 

47. Yleights and Dimensions of the equipment are contained in 
table #2. 
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48. 
tests: 

The following conclusions were reached as a result of these 

49. Considering the high frequency renges covered, the electrical 
perforrnanceof the receiver is good. However, mechanically this equip­
ment is entirely unsatisfactory for naval aircraft service. To make 
the necessary changes would involve complete redesign. 

50. The following are sonE of the features that 1n.ake this equip-
ment unsatisfactory: 

( a) The volume reql'ireo. for installation is too :;reat. 

(b) 1:!eight of complete eq.;. ipment is too high. 

(c) No provisions for locel tuning. 

(d) Eethod of installing cables, plugs, and mechanical 
linka:;es not suitable for naval aircraft install2tion. 

( e) Component parts of equipment not designed for quick 
detachment from instal.lation. 

(f) Installation of tuning and band change linkages too 
complicated for Naval Aircraft Service. 

(g) Tuning crank on rer;,_ote control box not sufficiently 
smooth to permit fine tuning. 

(h) liechanical construction of receiver not rugged enough 
for Naval Aircraft Service. 

(i) No provisions for C. :i. reception. 

(j) Vibrator type of power supply used. 

(k) Seventeen vacuum tubes are used. 
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TABLE 1. 

T.AK.E OF SPURIOUS RESPONSE RATIOS 

60-66 MC Band 123-132 1-'C Band 

Freq. 

22/J. 

Freq. Ratio 

21209 EC - 750 
10500 \I - JlO 
62.9 ii - 200 

Freq. Ratio 

120 MC - 570 
99.9 " - 100 
65.2 II - 120 

Freq. 

89.6 MC - 756 
88.2 II - 556 
64.5 II - 222 
64.2 " - 756 
43.1 II - 178 
33e8 II - Jl4 

125 1:c Cfilj\iNEL 

Freq. Ratio 

4lo9 MC - 100 
J?.6 II - 250 
31.1 11 - 20 

130.3 MC CP.J,1'TI'JEL 

Frea. Ratio 

43.5 NC - 100 
38 .. 5 " - 250 
32.9 n - 240 

Ratio 

33.5 MC - 5ll 
22 32.2 II 

3le9 II 

25.8 n 
21.9 II 

18.J II 

Freq. 

- 449 
45 
69 
67 

Ratio 

25.0 LC - 40 
21.5 II - 75 
21.3 II - 75 

Freq. Ratio 

26.0 MC - 50 
21.9 11 - 90 
18.7 11 - 120 



ACCURACY OF FREQUENCY CALIBRATION 

60 - 66 megacycle band 
12_3.-.,..132 11 II 

125 11 channel 
130.3 II 11 

OVERALL DEW SI ONS 0}' E(JJ IR ENT 

0.02% 
o.31% 
0.07% 
0.07% 

Uhit Height V:fidth 

Receiver 8 7/811 101/2" 
5 1/4" 6 3/411 Remote Control Box 

Telephone Cable 
Battery Cable 
Remote Control Cable 
Tuning Linkage 
Band change Linkage 

Total volume = 1.38 cu. 

WEIGHT OF EQUIPMENT 

Receiver 
Control Box and Cables 
Two linkages 
Total weight 

34 lbs 
12 lbs 

5 lbs 
51 lbs. 

ft. 

Volume 
length Cu. Ft. 

1 19 5/8" 1.16 
10 5/8 11 0.22 

31 1011 

91 91t 
11' 211 
121 2" 
12 1 2" 








































