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AUTHORIZATION 

1. The tests herein reported were authorized by refer ence (a). 
other pertinent data are listed as references (b) to {h), incl usive. 

Reference: (a) BuEng .ltr. C-S67/46 (5-22-R6) of 25 May 1939, 
(b) BuEng. Specifications RE 13A 466C . 
(c) Instruction Book for Models RAG and RAH Receivers. 
(d) BuEng. Speci f ications RE 13A 466B. 
(e) BuEng. Specifications RE 13A 571A. 
(f) NRL Report No. R-1178. 
(g) NRL Report No , R-1093 . 
(b) NRL conf.ltr. C-S67/46 of 6 July 1939, 

OBJECT OF TEST 

2. The objects of this test were first, t o determine the suitability 
of the Type RAG equipment for reo~der; second, to determine the deterioration 
in operating characteristics due to servicG use; third, to detect· such 
conditions i n t he specifications, design, or operation of the equipment 
as might be improved with advantage. 

ABSTRACT OF TEST 

3. the two Type RAG-1 receiving equipments, serial numbers land 18, 
were received from the Fleet and subjected to tests in accordance with 
references (a) and (b) . Tests were first conducted using the receivers 
and t ubes as they arri ved from the Fleet, with no internal adjustments. 
Next, the receivers were realigned using the original tubes and t ested 
for sensitivity. Then the receivers were supplied with a new complement 
of t ubes, the same set of tubes being used with both recei vers, and the 
complete test r epeated. Tests were conducted to determine : 

(a) Calibration . 
(b) CW sensitivit y. 
(c) Noise level . 
(d) Selectivity - optimum gain. 
(e) Sensitivity control range . 
(f) Audio filter characteristics . 
(g) Overall fidel ity at 600 kilocycles. 
(h) Resonant overload. 
(i) Limiter action. 
{j) Frequency overlap. 
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CONCLUSIONS 

(a) The results of the tests indicat e that these RAG-1 receivers, 
after such actual servic~ as they may have had to date, did not meet the 
rec.uirernents of reference (b), neither as received from the Fleet nor 
after careful alignment and adjustment according to reference (c). 

(b) The receivers were found to have drifted only slightly out of 
alignment since last adjusted, which may have been at the point of 
manufacture . 

(c) The sensitivity of both receivers was unsatisfactory in 
Bands 1 and 2, both before and after realignment with new tubes. 

(d) The selectivity of both receivers was unsatisfactory in 
Band 1, both before and after realignment with new tubes. It should be 
noted that the selectivity cu.-ves shown in reference ( c) were taken 
on cw with the beat oscillator in operation, and thus are a measure of 
only the audio filter selectivity, while the curves included in this 
report indicate very nearly the true :·-f selectivity. 

(e) The sensitivity and selectivity of both receivers appeared 
to have deteriorated in all bands, and could not be improved sufficiently 
by normal adjustments so as to equal t he values previously reported on 
the original test model. It i s felt t hat. this deterioration is largely 
due to a r eduction in circuit Q as t he result of aging of the inductances. 

(f) The antenna trimmer was found unsatisfact ory in that it required 
adjustment for each frequency in all bands. 

{g) The lock nuts on some of t he coil unit trimmer condensers were 
inoperative. 

(h) The band-pass audio filter may be considered as meeting the 
specifications if a frequency of 1000 cycles is used as the reference 
point . No difficulty should be encountered in meet ing much more rigid 
requirements, as is indicated by the tlodels RAA and RAB receivers. 

(i) The peak audio filters were f ound to be unsatisfactory at the 
low and high ends of their range, and a t some of the intermediate points. 

{j) Harmonics, generated in the de tector, were f ound to produce 
undes i rable fidelity characteristics . 

(k) The maximum noise level of one receiver exceeds 300 micro-
watt s in one band . Both receivers f all far below 300 microwatts in 
some bands, a natural result of the limitation of noise to such a low 
level . A furt her result of this lioitation is a lack of reserve gain, 
it being necessary to operate t he receivers at maximum gain over most 
of t he frequency range in order to make sensitivity measurements. 

(l) Resonant overload occurs i.."1. 3ome cases at less than 250 milli-
watt s , but is considered to be satisfactory in general. 

Rr-"/Fi,.i ~-.. nr,. ij F i r--R 
~ ib,_.r t..,,-8~V Y~~ l bi.J 
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DECl .. ~SSIFIED 
(m) The manual gain control has a r ange of raore than 100 decibels 

in both receivers and is satisfactory. 

(n) The output limiter action is satisfactory. 

(o) The useful sensitivity at some points in the range of the 
receiver could be improved by the simple expedient of reducing the effective 
bias on t he r.f. tubes, as the present full gain position of this bias 
contr ol does not give full standard noise level throughout .the range . Such 
a change would not, however, bring the sensitivity within specification 
limits at the points where standard noise l evel is obtainable with existing 
gain and the specification limit is not met. It is beli eved that 
specifi cation limits will be met only ai'ter improved selectivity is 
realized. 
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RECOMMENDATIONS 

(a ) After a careful study of the above test results and in the 
light of modern practice, it is believed that better perforoence than 
demonstrated can be expected in new receivers for the low frequency part 
of the spectrum. Improvement i n sensitivity, overall selectivity, audio 
selectivity and greater reserve gain can be reasonably expected . With 
this in mind, the following recommendations are submitted for consideration. 

(b) That the performance specifications as given in RE 13A 466C 
apply to the purchase of new equipment with certain exceptions as listed 
below and that t he inferior performance of the units tested not be 
consi dered as acceptable . 

(c) That the prospective contractor be not only per~itt ed, but 
urged, to consider a different coupling system in the r - f olllplifiBr stages 
than used in the model. It is not apparent that a maximum selectivity, 
and hence sensitivity, can be realized in an amplifier covering the range 
of 15 to 600 kilocycles, employing the same choke coil, as a plate load, 
for all frequencies in this band. 

(d) That the maximum noise level be not limited t o 300 mi crowatts as 
speci f i ed but that a maximum of 100 milliwatts be permitt ed to provide 
reser ve gain to compensate for general depreciat i on of tubes, components, 
and nli gnrnent, resulting f rom aging. 

(e) That the band-pass filter specified under paragraph 2-1(21) of 
refer ence (b) be required to be effective at all times, but in addition 
thereto, and available by means of switching, there be provided a sharp 
band-pass filter similar t o that provided in the Model RAA receiver, 
its object being t o separ ate the very lm1 frequency channels which are 
but 200 cycles apart. The variable rrequency att enuatomdescribed in 
paregrnph 2-1(25) to (32) inclusive of reference (b)are considered very 
useful under many circumstances, c.nd due to their relatively small space 
requi r ement .are worthy of retainment. The present design should not be 
copied, however, as it has been found to be mechanically weak and appeurs 
to depreciate electrically, as indicated by the t ests . The band-pass 
filter in the present models has air core coils of apparently rather 
poor efficiency and the entire unit is unnecessarily large. I t is 
probe.ble that the two band- pass filters suggested above, if properly 
designed, will occupy no more space than the present one . 

(f) That provision be made in the detector plats circuit for 
inser tion of n d-c meter to be employed for r - f selectivity measurements, 
and th3t such jack or terminals as provided be properly by-passed to assure 
thnt normal receiver performance will prevuil when such L meter is used. 

{g) That provision of a cw (oscillator ) "on and off11 switch be 
considered . 

(h) That the receiver input circuit b6 so designed tha t specifica-
tion sensitivity will prevail t hroughout any one band aftt:ir the antenna 
trimmer v.djustment has once been made for any point within the bc.nd . 

- 1-c -
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(i ) That the coil unit trimmer condensers be equipped with 
reliabl e locking devices which will continue to function throughout 
the lif e of the receiver. 

{j ) That the power cable between the receiver and the power unit 
be completely covered with a conducting braid so t ightly woven as to l eave 
no apparent spacing between the individual wires of the braid and that 
these braid coverings be connected through such coupling means as to assure 
no appreciable electrical discontinuity between the braid and the box walls 
at the point of entry of either box. The cables should also have a sturdy 
out.er r ubber covering to provide physical protection for the braid shield. 

(k) That the antenna and power supply leads be brought into the 
receiver in such a manner as to reduce the electrical coupling to a 
minimum. Bringing them into the receiver parallel and adjacent to each 
other, as in the model, is unsatisfactory. 

(l} That provision be made to assure that the contact areas of 
all component parts such as box aperture edges, panel backs, covers and 
chassis components, which depend upon pressure contact for electrical 
continui t y or shielding integrity, maintain good conductivity throughout 
the lif e of the equipment unless intentionally open circuited by disassembly 
for repair s or adjustments; and also~ assured of regaining good electrical 
conductivity and shielding after reassembly by the reverse procedure to 
that of disassembly. The bolting or screw-locking of pressure contacts 
as between t he panel back and the receiver case, where such contact s 
are anodized and/or lacquered as in t he model, is unacceptable. 

(m) That all receiver cases be made the equi valent of one piece 
construction so far as electrical continuity is concerned. The use of 
riveted lap seams with anodized or lacquered material where such seams 
admit light for over 90 per cent of their length, as in the model, is 
not acceptable. 

(n) That the receiver be required to operat e in a field strength 
of 10 volts per meter at any frequency within i ts range with the antenna 
input binding post shielded so as not to contribute to the receiver input, 
giving an output wider standard gain conditions not exceeding 6 milliwatts. 
Items 47 - 50 are believed to be necessary as means of accomplishing the 
requirements of (51). 
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_MATERIAL UNDER TEST 

4 , The material under test consisted of two radio receiving 
equipments, Type RAG-1, Serial No.land Serial No. 18. These equipr.ients 
were manufactured by the Hygrade Sylvania Corporation, Clifton, New Jersey, 
and h~d been in service for some time. 

5, The Type RAG-1 equipment covers a rated frequency range of 
15 t o 600 kilocycles in four bands, by means of b.ming condensers and a 
coil switching mechanism. It consists of the following units: 
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(a) One Navy Type CHS-46042 receiver . 
(b) One Navy Type CHS-20032 powex unit. 
(c) One set of interconnecting cables. 

TEST INSTRUMENTS 

6. The following instruments were employed in these tests: 

(a) General Radio signal generator, Model LC-1, Serial No. 18. 
(b) Naval Research Laboratory 600 ohm output volt-power meter. 
{c) General Radio dununy antenna, Type 4l8G. 
(d) Ballantine VT voltmeter, Type 3001 Serial No. 14. 
(e) General Radio beat f requency oscillator, Type 713A, Serial No. 141. 
(f) Weston tube analyzer, Model OD-A, Serial No. 395 (corrected for 

error). 
{g) General Radio wave analyzer• Type ?36A, Serial No. 102. 

METHOD OF TEST 

7. Tests were conducted in accordance with references {a) and (b). 

8. For radio frequency tests the signal generator was coupled to 
the receiver input terminals tbrpugh the dummy antenna, the a-f output 
being measured across a 600 ohm resistive l oad by means of the output 
meter or the Ballantine voltmeter as desired . 

9. Sensitivity measurements were made using a 1000 cycle cw beat 
note in the output, with a signal plus noise output of 6 milliwatts, 
20 decibels above the noi se level. 

10. Selectivity measurements were made with the cw beat oscillator 
inoperative, and the input signal modulated 40 per cent at 100 cycles for 
Bands 1, 2 and 3 to avoid side-band cutting, and modulated 40 per cent at 
400 cycles for Band 4. Due to a ttenuation in the audio filter, it was 
necessary to operate at a l ow output level to avoid det ector overloading . 
The system is not recommended tmless pr ovision is rnade for cutting out 
the audio filter, but wes employed as an alternative instead of the detector 
plat e current-chsnge method f or which there also wes no provisi on. 

ll. Noise le~el measurements were made et maximum gain with ~ptimum 
antenna trimmer settings for each point . 

12. The audio filter cbaract.eristics were measured by removing 
the detector tube and feeding the audio signal into the detector output 
circuit through a series resistance and capacity of 25,000 ohms and 
2 microfarads. The input voltage was maintained constant., while the 
frequency was varied and the receiver output measured. 

13. The overall fidelity at 600 kilocycles was measured by 
externally modulating the signal generator in the normal manner with a 
beat frequency oscillator of low harmonic content, maintaining a constant 
input voltage to the receiver, and measuring its output • 
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OECL. SSIFI 
14. Resonant overload was measured by recording the receiver 

output voltage for inputs ranging f r om 1 microvolt to 1/2 volt, with the 
receiver adjusted for standard sensitivity. 

DATA RECORDED DURING TEST 

15. The da ta recorded during these tests are contained in Table l 
and Plates 1 to 43, inclusive. 

PROBABLE E.JffiORS IN RES UL TS 

16. The equipment under test and all measuring instruments 
incorporating vacuum tubes were allowed a warm-up period of at least 
fifteen minutes before each test. 

17. The signal generator output calibration was corrected by 
m&asurement with the Ballantine voltmeter, this voltmeter then being used 
to measure r eceiver output. 

18. The audio beat frequency oscillator and the wave analyzer 
were calibrated pe~iodically to assure reliable results. 

19. The estimated overall error for the various tests is given 
below: 

Test 

Sensitivity 
Selectivity 
Maximum noise level 
Resonant overload 
A-F characteris t ics 
Limiter action 

RESULTS OF TEST 

Maximum 

± 10% 
± 10% 
+ 5% 
+ 5% 
+ .3 
+ .3 

Error 

(input voltage) 

decibels 
decibels 

20. No defective vacuum tubes were found, although the values for 
Sm were decreased from the rated values . The measured values are recorded 
in Table 1. 

21. In accordance with reference (a), paragraph 8(a), both 
receivers were tested as they arrived from the Fleet, making no internal 
adjustments. The results were as follows: 

21-1. Calibration. The calibration f or RA.G-1, Serial No. 18, is shown 
on Plate 1, and covers the specified range . The calibration for 
Serial No. 1 is shown on Plate 22, and covers the specified range . 

21-2. Antenna Trimmer. Antenna t r immer sett ings for Serial No. 18 were 
plotted on Plate 2, failing to reach optimum values in Bands 2 and 3. 
Antenna trimmer settings for Serial No . 1 were plotted on Plate 23, 
and r esonated satisfactorily. F\r"P'.j ;1 ~ .. _;1 { ·:;..i~~ 

I l t-l ~,.. ,A ..,..- . ,~t I 
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21-J. 

21-4. 

21-5. 

21-6. 

21-7. 

21-8. 

21-9. 

DECLi\SSIFIED 
Sensitivity. Reference (b), paragraph 2-1 (1). Sensitivity curves 
for Ser ial No. 18 are shown on Plate J, and for Serial No. 1 on 
Plate 24 . With the antenna trimmer adjust ed only once in each 
band, bot h receivers failed ser iously to meet the sensitivity 
requirements in all four bands. With the antenna trimmer adjusted 
for each point of measurement in each band, both ~eceivers still 
failed to meet the sensitivity requirecents except at a few points 
in Bands 3 and 4. 

Sel ectivity. Reference (b), paragraph 2-1(2). Receiver No. 18 
failed to meet the selectivity requirements throughout Band 1, 
and at one end of Band 2, but met the require~ents at all points 
in Bands 3 and 4. Receiver No. 1 failed t o meet the selectivity 
requirements at some points in Bands 1, 3 and 4. The deviation 
from the r equirements was not large for either receiver however. 
Selectivity curves for Serial No. 18 are shown on Plates 4 to 7, 
and for Serial No. 1 on Plates 25 t o 28, inclusive. 

Band-pass Filter. Reference (b), paragraph 2-1(21). The band-pass 
filter charact er i stics are shown on Pl at e 8 for receiver No. 18 
and Plate 29 for receiver No . 1. The filters of both receivers 
are center ed wi t h.in±. 10 per cent of 800 cycles. If the 1000 cycle 
output is taken as the r eference level, both receivers meet the 
band-pass r equire~ents , contrary to t he s tatement of reference (h), 
paragraph 4e . I f the 800 cycle output is taken as the reference 
l evel, both recei vers f ail to mee t t he requirements at t he -6 decibel 
l evel , concurring in the statement of r eference (h), paragraph 4e. 
Receiver No . 18 showed a pronounced peak at 280 cycles as i ndicated 
on the curve. 

Peak Filter. Reference (b), paragraph 2- 1(26). Since there was 
no provision in t hese receivers for disconnecting the band-pass 
f ilter during operation, the peak-filter curves on Plates 8 and 29 
were taken with the band-pass in operation. The curves for the 
l owest and highest peak frequencies are very broad and highly 
attenuated, failing to meet the requi rements. 

Reference (b), paragraph 2-1(29). Bot h receivers failed to meet 
the peak filter band-width requirements. 

Reference (b), paragraph 2-1(30). Both receivers failed to meet 
the peak filter attenuation requirements at the lowest and highest 
peak audio frequencies, showing a high insertion loss. The inter
mediate f requencies were satisfactory, however. 

Fidelity. Fidelity curves are shown on Plates 9 and 10 for receiver 
No. 18,and Plates 30 and 31 for receiver No. 1, These curves, taken 
at 600 kilocycles, show the true response of the receiver to an 
incoming signal, regardless of whether the audio frequency is 
obtained from a modulated signal or fron beating a cw signal with 
the local heterodyne oscillator. A study of the receiver by means 
of the harm~nic anal yzer indicated that the detector was r espon~ible 
for the generation of harmonics which appear on the curves as 
spurious responses. 

. , - 5-



DEC LAS-I FIE 
22. In accordance with reference (a)r par,agraph 8(b), both receivers 

were realigned and the sensitivity curves repeated. The lock nuts 
on the trimmer condensers were found t o be unreliable. On several 
coil units the lock nuts were stuck tightly to the t rimmer shafts 
and rotated with them. 

22-1 . Sensitivity. Reference (b), paragraph 2-1(1) . Sensitivi ty curves 
are shown on Plates 11 and 32 for the receivers after realignment 
with the or iginal tubes. Although somewhat improved over the 
curves of Plates 3 and 24, both receivers failed to meet the 
sensitivity requir~ments in some portions of all bands . 

23. A set of new RCA tubes with values of Sm slightly better than average 
was next installed, the same tubes being used in both receivers. 
Table 1 gives the values of Sm for these t ubes. Receiver No. l was 
found to have one mounting screw mis$ing, and the other one very 
loose at the forward end of the tuning condenser, providing a 
poor ground and resulting in oscillations with t he new tubes. The 
defect was remedied and the spurious oscillations ceased . Both 
receivers were then realigned and measurements made of sensitivity, 
selectivity, maximum noise level, manual gain control, resonant 
overload, and output limiter. 

23-1 . Calibration. The calibration curves are shown on Plate 13 for 
receiver No . 18 and on Plate 3J for receiver No. 1. 

23-2. Antenna Trimmer. Antenna trimmer settings are plot ted on Plates 13 
and 34. The curves for Serial No. 18 indicate a failure to reach 
resonance in Bands 2 and 3. This could be corrected by aligning 
the receiver at about 920 on the tuning dial instead of 900 as 
instructed in reference (c). That procedure was followed in 
aligning receiver No. 1, with more favorable antenna trimmer curves, 
as shown on Plate 34. 

23-3. Sensitivity. Reference (b), paragraph 2-1(1). The sensitivity 
control settings used with optimum antenna trimmer settings are 
shown on Plates 13 and 34. The sensitivity curves are shown on 
Plates 14 and 35 . With the antenna t rimmer adjusted at one point 
in each band, both receivers failed to meet the sensitivity 
requirei:·ents except at a few points in Banqs 3 and 4. With the 
antenna trimmer adjusted at each point in each band, receiver No. 18 
met the sensitivity requirements in Bands 3 and 4, but f a i led in 
Bands land 2. Receiver No . l met the requirements in Band 3 
and a portion of Band 4, but failed in Bands l, 2, and a portion 
of 4. This paragraph supersedes t hat of reference (h), paragraph 6b, 
with which it is not in entire agreement. 

23-4. Maximum Noise Level. Reference (b), paragraph 2-1(3). Curves of 
DU?.Ximum noise level for both recei vers are shown on Plates 15 and 
36 . Receiver No. 18 exceeded 300 microwat ts, t he specification 
maximum, in Band 3, reaching a maximum of 1010 microwatts at 195 
kilocycles. Receiver No. 1 did not reach a noise level of 300 
microwatts at any frequency. The noise level of both receivers was 
PYtrPmP1 v l nw in RAnn~ 1. 2 ~nd 4. which mav be exolained bv 
insufficient gain. 
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23-5 • 

2J-6. 

2J-7. 

Manual Gain Control . ReferenGe (b), paragraph 2-1 (33, 34, 36, 37, 
38, 39) . The manual gain (sensit ivity) controls on both receivers 
complied with the specifications. Curves are shown on Plates 16 and 
37. 

Selectivity. Reference (b), paragraph 2-1(2). Selectivity curves 
are shown f or receiver No. 18 on Plates 17 to 20, and for receiver 
No. 1 on Pl ates 38 to 4l. Both receivers failed to meet the 
selectivity requirements at some points in Bands l , 2 and J, the 
deviation being small in Bands 2 and 3. In general, the selectivity 
of both r eceivers was unsatisfactory in Band 1, and satisfactory 
in Bands 2, 3, and 4. 

Resonant Overload. Reference (b), paragraph 2-1(4). Resonant 
overl oad curves ar e shown on Plates 21 and 42. The curves for 
receiver No . 18 show that at a frequency of 15 kilocyclas, overload 
occurred at 11.8 volts or 232 milliwatts · output. At the other 
frequencies tested, overload occurred above 250 milliwatts output. 
Recei ver No. 1 overloaded below 250 milliwat ts at nil five test 
f requencies as follows: 

Frequency 
Kilocycles 

15 
38 
95 

240 
600 

Input 
Microvolts 

73 
160 
46 
32 
23 

Overload Point 
Output Output 
Volts Milliwatts 

10.1 
11.4 
11.1 
12 
11 

170 
217 
205 
240 
202 . 

The maximum output obtained was approximatel y 375 milliwatts 
f or each receiver, and decreased to 60 milli watts in Band 2 for 
a signal input of 1/2 volt. 

2J-8 . Output Limiter. Reference (b), paragraph 2-1 (41-46). The output 
l imi t er acti on for receiver No . 1 is shown on Plate 43 . The 
variati on in output is within the specified l imit of 2 to l in 
voltage (6 decibels) for changes in input of 10 to 1 for all 
inputs above 10 microvolts with the limiter control set at 10 
or 5, and for all inputs above 20 microvol ts wi th the limiter 
contr ol set at O. The limiter introduces an i nsertion loss 
of 1.8 decibels at the 6 mill iwatt standard sensitivity level. 
No tolerance is given in the specif i cation. The limiter action 
of r eceiver No . 18 was not measured . 

CONCLUSIONS 

24. The results of the tests indicate that these RAG-1 receivers, 
after such actual service as they may have had to date, did not meet the 
requirements of reference (b), neither as received from the Fleet nor 
aft er careful alignment and adjustment according to reference (c). 
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25. The receivers were found to have drifted only slightly out of 
al ignment since l ast adjusted, which may have been at the point of 
manufacture . 

26. The sensitivity of both r eceiver s was i.msa t isfactory in 
Bands 1 and 2, both before and after r ealignment with new tubes . 

27. The selectivity of both receiver s was ,msatisfact ory in 
Band 1, both before and after realignment wi th new tubes . It should be 
noted that the selectivity curves shown in r eference (c) were taken 
on cw with the beat oscillator in operation, and thus are a measure of 
only t he audio filter selectivity, while t he curves included in this 
report indicate very nearly the true r-f selectivity. 

28. The sensitivity and selectivi ty of both recei vers appeared 
to have deteriorated in all bands, and could not be improved sufficiently 
by normal adjustments so as to equal the values previousl y r eported on 
the original test model. It is felt that this deteriorat ion is largely 
due to a reduction in circuit Q as the result of aging of the inductances. 

29. The antenna trimmer was found unsati sfactory in that it required 
adjustment for each frequency in all bands. 

;.Q. The lock nuts on some of the coil unit trimmer condensers were 
i noperat ive . 

;l. The band-pass audio filt er may be considered as meeting the 
specifications if a frequency of 1000 cycles is used as the reference 
point. No difficulty should be encountered in meet ing much more rigid 
requirements, as is indicated by the Models RAA and RAB receivers. 

}2. The peak audio filters were found t o be unsatisfact ory at the 
l ow a.1'!.d high ends of their range, and at some of t he intermediate points. 

33. Harmonics, generat ed in the detector , were found to produce 
undesirable f idelity characterist ics. 

34. The maximum noise. level of one recei ver exceeds 300 micro-
watt s in one band. Both receivers fall far below 300 microwatts in 
some bands, a natural result of t he limitation of noise to such a low 
level. A further r esult of this limitation is a lack of reserve gain, 
it being necessary to operate the receivers at maximum gain over most 
of t he frequency r ange in order t o make sensitivity measurements. 

35. Resonant overload occurs in some cases at l ess t han 250 milli-
watt s, but is considered to be satisfactory i n general. 

Ji$. The manual gain contr ol has a range of more than 100 deci bels 
in both r eceivers and is sa tisfactory. 

37. The output limiter action is satisfactory. 
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JS. The useful sensitivity at some points in the range of the 
receiver could be improved by the simple expedient of reducing t he 
effective bias on the r.f. tubes, as the present full gain posit ion 
of this bias control does not give ful l standard noise level throughout 
the r ange. Such a change would not, however , bring the sensitivity 
within specification limi ts at the points where standard noise l evel is . 
obtainable with existing gain and the specif ication limit is not met. 
It is believed that specification limits will be met only after improved 
selectivity is realized. 



Position of 
Tube 

lst.R.F . 
2nd R.F. 
Jrd R.F . 
Oscillator 
Detector 
1st A.F. 
Output 

TABLE 1 

Mutual Conductance of Tubes Used in 
Tests of RAG-1 Receiving Equipment, 

Serial No. 18 and Serial No . 1 . 

Mutual Conductance 
Navy Type Original Sylvania Tubes New RCA Tubes 

. No. Ser.No. 18 Ser.No. l For both Receivers 

CHS-38646 
CHS-38646 
CHS- 38646 
CHS- 38646 
CHS-38076 
CHS-38076 
CHS-38041 

1760 
1640 
1560 
1690 
1200 
1260 
1920 

1670 
1640 
1670 
1630 
1320 
1120 
2200 

1760 
1780 
1760 
1790 
1530 
1520 
2470 

Measurements made with Ep of 250 volts, and corr esponding screen and bias 
potentials. 

-- I 































~~r.:mimiif:ffiii~mmi5ffif:Effimrui~ffiffl;;ffirnrumi~milfml~rnmi~ ... _ ...... ._. 

I 

II 111 II 1111 I 

1111 B ·1u·111u 11 I 
DI 11111 I ~~~~:'!~:'!~~ ..... :: --=· 

I 

I 







~:m~~ 1n=1itmifl•tmr::tr1 

J;:;t - :--a -
I : •na • ~-~ • .• :. 

:=l :i: - uia, · 
lha::i •• 

I Ufmc~==~~n~~= 
- ICt'filll r n;ru1g 

-~ • ~ - • " ffilt!;i 
-:: I ~r,:,1-,-: • -UiP.I ~~irillffli!mW-1F.~;;~!§gffif=I'Ji!ffl ; r--= --- om· mu:-"=iffii~::;.-:1~--ir=:-am:.:i~n~-.. = ~~~ -;::r:1 .: 21: I t'!inum --=m~J m•:w:::Ji::l:H;:: r 

&m2 &u ··-- ..... ,. ••• -''-=----- .. r .. u 

• • =•mDIIHmruh~1RH!lifflllfflHlij1tnJnrur mui:n~ 
• lir.Dlfflifi~i;u,u Ill • ,. ·-=,us 

GluiuUul .. n 11 11WJ ·u ,~~ 
ai4J. ill~ mu _ _ rim£r.r-

-=mu ~i . =slif P~ r- !'-. 

· · ·· llffil · ~~a .. 
1 UHi i1fft~ (16 : nru1 -~mm_..,,....... •· mn -Im!, 
-=: fiill ·- ~~ . s 
::!IE Jf:llmiilS~..!h~li!fi!i. :i: hil~ !r-fibm ..!! ··z:·--1 n=1·=··1·r.1r:11·c-·1&:e -· i=;.tiif::!"lffl ==se afi !:li&a:ahiill! lii:!1 :r iill!L~wa 
: j!: .F:!iii:!::r:s::93mnu.::5!fd1ffi'l~l1t I s: Hfflli!ii(mlffifi u.n. .c.m. :m:d I :lUCu Ill l U t 1aarilW.."lu.:11U 
:r nil r.n■■H■1■Nllnnnummmnmni1 I 111·Hh iiiilillU!UPJin!unlidlimmnl I 

Uiall ffWIF..!J K.lllm mn, 1nn11m mm=:i 
Im! • !!IIDlimlrn!.iiaH 

sHllllfflieil =::J'fisl 
r =:•:i::sn;=• 

• :-=:U:i~f="Cf 
llll£1sU.J!Stu ! mrumtJ 
mmrn:mnmn!ffl) 
ffiliWm~;JHffiW!I 
• . s. !'!mun! wee .• 

·.!:m!i!fi 















-=ih:s :!li= 
.!~fmal ., .. .. . ::. u· ,a.-.. •• . J .. ~~--- •••• J • •• • ••• re: ! ~=ern1:rnmi: ~1 •:;;ai~:im:=ru::i=!;r.mmiuef:ii=dri 

=:iii!SitS::i.J.ili• !Wlii:!l~lli! .!C:u :W:!!:a:!ei!Eiut=·· (•. ::;m:1w·n-::· .. ::.-::::-u~ • .;::•=r11· IH111ffi1• llfflu. r--:u~ .. •:- •nun , :13 •• ! • ... ,. ·=i .... i .... -~ U~t!!. • •;;;; ... lM irs•n= • ,:::.::am1 .. :: .. 1,, ... "M m: ,... uWi • mu L 
■HJ -;;, mr:mrn,;nc;-r."u.n m-JRUl11l1uu•1unmnm;=1·m .~ , .. 'H' "'l"":Hii • ·• Hmhiii'"la· '" 111 nu Ill I IUII I I I I U 1111 II H a IIIIUD I ~•u ~u - ~mm~ IWEJlil!'.11' IP..4Ulill . lft··~·"--=-~• a1;. r:acdra..: 

;;~~~ . 
.• ·•• •• ::i::::1:i-al : •• r. ·••ii·•····1: •• .. - ....... __ .i;;_ 

-::~ ::.:: ::r.· m::c::: ...... , ...... 1..5:: ...... :~~ ~=:: :.:~u::. ::::::.:.. . • ;::r::::H:n:r.::u::• 
. . ........... M•n•11 unnu111•••:.t- ••·• 

n ■uu llll,uuui 
■I IHUU 
I 11111 

- i'"'"" -= • • Ii 

:: :::::!::::1.: • ...................... ·-m-c·::.--n:rrr:;-
1: ... ,, ••• 11!!• ·=·=-' 11~::.t:=::;e:c::.:11 

II lUUDtUIHtllnt r IHUftlfll.llUIO 
I 11111 llllllU l 

I 







J 
.. 

l 



















kl; ·,, 
. 1 

. ' .. ,# ... ,. ' .. ; 





"""!P.11 
,. .. I UCI • ::ii~ 

zmnrn:araemrnumiw~~!~. 
lh~ !L mr.1 1P.DJWJ1-., 
lml£..1i!LEIDW lb'14tY.·t~ 

,: !mummrum~ . [m)ID-Ym 
1m"1iliruu1m.!fi1r:.:1tamJm1~r-.ml!!-a' 
~nu;1mm:m~iiB:;::manr:J1Ezt~~,L;.s· . . . "' ... :...:u • • .: l 

S5::;;fjWE!:9i::n;~mG;w]e:!:· !i:ii!i;i!l~;:;rar.r::;;a: mm :::1:11 .. :=:.ciilr::is: .:• u,:..• • :m.::::::"":ti'--ut!I::::.= w.:: 
;f:: m n:1•--;•1sffiffliilmli!E!ilmJCl:CHJ=7j:S::,m_m rmmr,: 
mil :: ,r: uu !i!immiruirdlm:li!ii!!iu:ii5Hl!iii mh ·:t 1 

I~ tr.milll ~,·~~~· Ill ~~~~ II r=i~ 
fflff a; b"WDWrmmn,f..!fl \lffllml iWRWllmlliU~llt:imlWlllIDmm 
~nrnmmw •. mmn~.mfc:n.i;:;m:; r.m:=:wllmnm0:m -

· '· -.::: ,,. -!Hffiil~lfll 
.; 

11Haiimri ·: 

... ......... 
ill m1mm -

.:em111E,=F:!'!~~1mn :n::.:.:. 21li!=:E:::: :::..: am--·•:1:•1n•-·•···•:: 
::1brJ!lliti!!i.i!iiiiii:1: .......... ;a. ......... ===::a n::1 .. ,·m==· mimi~i!! .:--u:;; 1 .... , r 1r!!! ... .... •• m•n mr.:.: &:::w& r iluiiiiitii • .u , .. a. "mn ... m .. QIIIUI .. .. I" 
llllllUII U IJ I Ill I 
U 1111111 I 1 I lllU 

j ' ~, 



.I: a:.11::!rai: • _ .. ···=-: = 
5!£!:f:i·a:i-;1i:5;r: :H::iE··· @.!'"J£!:!iH£:! ::=:=::1:::a··!ns)•1: ........ ,.. ,: ... 1& ••• sc- 1: ..... ••• ••••• • ..... ••lfJ•=i••• .CJ. • ··--··· ......... -a. .......... ••w••--· -· • •• •• --1•:,rn:•1~-· ·····1 ·-·-·1 ···-!1 .. -·~1:·"~en .. "'••ng ,: •1:, U:1"1f't:1• It U~CffCU WHI U■f •:c•m■-• tJUO;;e HIRlf■I :. 'I ... li~u m,·. m ·:le;:; mm:; ;: ••• ■ •• m' .. il ........ 

H u■a11uHran • iliautlllH uun.111i .. :U luu1l1nl IUU:~ 
........... , .. nfiHI nu • I ,,., ,., .. un lfU • •• IHl 
lllll■H'UII 1111 ,I I Hlf lld IUI llR II UI I 
11 UDIIIIIIUf I r.nn u5 
I u I m mm Jum Ii 

• If 
~ -, 

, ""' 
.. ..__ .t. • :::!':d&nu nmumu=~miE ..... 

~r.;r.•;i • :n fl!ffi'II UJi 
lj • :• wi!!;!ii :.;.2• 

·£Ar m n!~m. 
'l~'!~ n f:i> ■s "IP•-;Tif; 

•· tin 2 ui! s .aii,ij•E.as 

~lmtHafil~11 ! =· ~is!:: 
-=t,,,,,,.... ~-.; •• • •• ;;,, •• -· i:z:••ssoo• .,. il: ~-~~ 

:AC..~~- ::.&.: f;,#.. ,.... : - - ·=-=---
1;'11 r1:;-ci~tE'IF=7n:=nu·1·rmt;p~::!· :::::11::c=· i·,:ar. ,:i-...-s.it!"iir. fflt==U1: :::1!'-:ii: .. : 

::::::::=:: .• ·1=1:i,=J·===· .. --K=i=i:e:!r.OOJsr a:aii: ••e••-:•'•i••:-, .,,. I! fi1:!• ._:;_ ...- .,:t,7'.'!\ ~•d&&i.i•...,.._'/:iirs., fffii•• ... ::t.:&::.-: •• :1:111t:1:~~ ·•~:S:: : .:~t:~ ...... rm. H ... '"I.... .. WDR nla■■H :HU I :t -.11!:'\:A eaeu:n.r.m ff I I r.;f'!G":1■ ........ ..... . .. .,,;:;,:;. .... ;;.. . .. . ~ . ... 
....... SUIIII • .. an .......... :~,m?dWm 111;;1 .. =er.; 
Ur■UIIUH.IU & • UJ ,llllaU ■llHiffi iiiii■LdHII tnU ■*USII 

111r.111cn,u I IH1QJaPQICftalf. U 
., 1111 1111 .. ·~·1•11111"'11'"" 1

1 ' • I II I I IH 1111 
U Ill ID 

I 11111 

- ... 
£E 

P.? a· --=a·· .. ·---·· "·:-••• :.:u: • :::.... 

. -.. :::c .... 
• 
m • 

i!m!ii5!::,_ijP.P.i! - :::.~ ·.::::::::::·:· Wu• •·1uw 
::-;:1;-m:=--:1,-:m =-n . . .. ::.. ......... ..... . . ·mtmwmm:m c c· 
llft■U'ftftftl'llllffll 118 
1111UJUII UHUII I 

iiWlml ·mu·-
•:rua· 
·u. • 



=!.~rue s:; 
::ff ~m - :-,~,;r,,. m~t:. ·,1t; • 
w ~ i::1::-..1=!: .::ii:=:. 
;:i n-•r:: --.c •- 11':I 

f:e ilille.:ulli~ruu J!urune . 
rn:;!!'!!n-:-1-- m--!!:J&•n::1 ' limfill• ulr.!'.'1! 1··' s::n .. 1f·•U I • .. •a1 I' naiil 11■ ainnu n, .. 

flt ,..... ...... ........ .. 

n1 ·1' en •;n ummg • 
p I g.i ff ,• "diluL,m: 

. ,~ ... ~ ~ 
1q.n~mrac1 

~ ~;;•m=,.ui.ili 
- & r!:a:. 

... 
• uu!!•u~ .. •"f 
:a■lliilUns:O:. R~,,. =· ffpm•mrm 

I ''ii!ii''(1'r.l1' ·1• u"ii 

_ :cam..:~ 
:::!::::SJ!=:::-

. ...... . . . .. ···l§e~i:-!J~if •• I. --•• -..t,.r. •c ••• • 'llhl:tta•••-• ••=••••• ••• I • •• ..,. •• ••i•.._. ... ._. • ._. .... ._....., c■ -m:·..,••or ..... ·--.. ,-... , ........ rn. -, ........... ili. •• ••••••••• "••••aa• • 5••'- •0111• - • ••• m1• 11 e•••• ,, H .............. , .... u II nUnMU•■t,UUii IUU n • 
um::n•tHNH 11u.:uu "J"'"" .... H I l"&:H .. lllll 
..: ■r,m::mt•~agn::1 r,nm••nuH,t I 11Jiu•:•ufl 

111H1111111u,11lttll11u1111l&, , luuf. n 1111 11 
1u1111111r1uu u1u1111111il r nu•u 
HUI IIHHUII UIIHilltr 

Ht I m1 Etn 
WHWl!H 

~~l.ff·lral'lid 
2 '!jl'~ !£00 ;;,~
~n~ ii:;,~~f 
-~~u~==,--r;1e 

5sm_qwti .-': 
IQ"°-■ =,: 








