| ntroduction

This project was initiated to fill a gap in the documentation that was electronically available for
the R-390A receiver.

In March, 1999, Bill Hawkins scanned the document into an ASCII character-based file and re-
produced the content. | scanned in and added the readable sketches from among the 74 figures
in the document. Many of the figures were unusable because the originals were photographs
with very poor registration. The document was then formatted using Windows “ Courier” font
(bold) in MS Word and transferred to an Adobe Acrobat Portable Document Format (*.pdf”).

Bill, as others have, hasleft in all of the original errors as a tribute to an unknown typist at the
Callins Radio Company .

Known errors include:
Page 1, 4" paragraph -“these equipments” is as written. This style is used throughout
the document.
Page 7, 5" paragraph - “layed out” is as written
Page 8, 1% paragraph - “layed out” is as written
Page 14, 3 paragraph - ‘hazzard' is as written
Page 15, first line - *apprximately’ is as written
Page 18, 3" paragraph - “minumum” is as written
Page 21, 2" paragraph - “accommodate” is as written
Page 30, 1% Paragraph - “pehnolic” is as written
Page 35, 4™ paragraph - “curcuit” is as written
Page 36, 1% paragraph - “Corp” is as written
Page 37, 4" paragraph - “lenthly” is as written
Page 42, 8" paragraph - “aggrevated” is as written
Page 47 3 paragraph - “montstrocity” is as written
Page 52, last paragraph - “abondoned” is as written
Page 61, 9" paragraph - “consistant” is as written
Page 69, 3" paragraph - “mocrophonics’ is as written
Page 74, 3" paragraph - “mocrovolts’ and “coupled into the ground” are as written
Page 80, 1% paragraph - “extention” is as written

If there are other errors that need to be pointed out, or if | have introduced new errors, | would
like to know about then so that | can document them or correct them.

The original security classifications and warnings have been retained, even though the
document was declassified in the mid-1960's.

1999-April-18

Al Tirevold

WAZHQQ
tirevold@mindspring.com

1999- May-01 - Mnor text corrections nmade
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1.0 PURPCSE

This report covers all of the work done on the Signal Corps Devel op-
ment Contract WB6- (B9-sc-44552 which resulted in the devel opnent of the
Radi 0 Receivers R-389( )/URR and R-390( )/URR as specified in SCL-1134-B
The Signal Corps has plans for the devel opnment of a series of radio receivers
whi ch woul d provide reception over the frequency range of 15 kilocycles to
3000 megacycles. The receivers covered by the specification SCL-1134-B are
two of this series and cover the frequency ranges 15 kc to 1500 kc and 500 kc
to 32 nt. The purpose of this project was to devel op and build three nodels
of each of these receivers along with their required accessories.

These receivers would ful fill many needs of the Armed Forces but in
general there were two basic requirements. First, to provide the increased
stability and calibration which is becom ng al nost a necessity in nodern
conmuni cati on systens; and second, to conbine into one general purpose re-
ceiver as many as possible of the facilities and special circuitry that are
now bei ng used by the various branches of the Arnmy and which now require
many different receivers to provide. Along with these receivers were de-
vel oped accessories such as special power supplies and cabinets. There were
al so instruction books prepared and a conplete set of manufacturing draw ngs.
Throughout this programa great deal of effort was made to use the very best
and | atest types of conponents and materials. Al so very close contact was
mai ntai ned with the Signal Corps Engineering Laboratories to fit these re-
ceivers into their very latest plans for conmunication systens.

The purpose and responsibilities of this devel opnent project were
doubly enphasi zed when, after the first two engi neering nodels were sub-
mtted, a contract for production quantities of both R-389 and R-390 re-
ceivers was received by Collins Radio Conpany. In addition, a second
conpany, Mdtorola, was set up as a directed subcontractor for a large
quantity of R-390 receivers. These production contracts resulted in serious
responsi bilities being placed on the devel opnent work, since both |abor and
factory space conmtnments were nmade by both conpanies. During the latter
part of the devel opnment program a great deal of time and effort was diverted
from devel opment to production, thus aiding production but delaying the
final phase of the devel opment program

Therefore, during the latter phases of this contract, the objective was
not only to devel op these equi pnents as specified, but also to aid and ensure
the delivery of production quantities.

2.0 ABSTRACT

This section contains a brief resume of the report to foll ow enpha-
sizing the difficulties encountered and the progress nade.

The report covers the work done in fulfillment of the devel opnent
contract for the R-389 and R-390 receivers. Although it is divided into



seven sections, the main body information is contained in the section on
Factual Data. The Factual Data section is divided into three main tasks
covering the Pl anni ng, Mdels, and Final Report.

The Pl anni ng Section covers the work done before any actual nodel
buil ding could be started. This was actually a very inportant stage and
took considerable time, nostly spent on the RF sections, The main problens
here were spurious responses due to the conplicated m xi ng scheme required
for stability. The final performance of the equipnent did not neet the
desired 80 db level, but was still better than previous equi pnent and
sati sfactory to the Signal Corps.

The Model Building Section contains a detailed description of al
t he devel opnent work done on this contract and is divided into and covers
various topics much the sane as the equipnment is divided into sub-units.
These topics are as foll ows:

1. Mechani cal Design

This covers the basic structural |ayout and nmechanical drive
systenms. The drive systens for both receivers were the nost difficult of
t he mechani cal design problenms. A great deal of tine was spent in working
out gear trains and nechanical drives which were not only easy to nmaintain
but al so as rugged as possible. The systens finally used are nmuch nore
conplicated than simlar receiving equipnment but were the best neans
possi ble to acconplish the tuning required.

2. Power Circuits

This covers the design factors and performance of all three dif-
ferent power units and their associated circuits. The electronic regu-
| at or design was the biggest problemdue to the requirement for a plus
or mnus 15% i nput voltage, but was finally satisfactorily overconme. The
external 110 volt DC supply also required a lot of tine since so many
different systens were tried. The rotary machine finally shipped on the
contract seened to be the best conpromise for this unit.

3. Audio Crcuits

This covers the design of the audio circuits and their per-
formance. The main problenms were the filter and nmetering circuits which
were overcone w thout too nuch difficulty.

4. IF Circuits

This covers the design of the IF circuits giving detail ed design
of various transformers. This section is rather long since the IF per-
formance was considered as one of the major features of this equipnent.
The main problemin the IF was to get the desired bandw dths and to hold
good performance under tenperature and humdity. The |IF bandw dt hs turned
out quite satisfactorily, but the tenperature and hum dity probl em was
not conpl etely resol ved.



5. RF Sections

This covers the devel opnent of the R 389, R-390 RF sections in-
cluding the R-390 crystal unit. The RF units were undoubtedly the nost
difficult to design of the entire equi pment since they include both
mechani cal and el ectrical problens. The electrical difficulties included
sensitivity, spurious responses and m xer design. All of these problens
have been worked out satisfactorily.

6. Variable Gscillator Designs

This covers the BFO and VFO design for both the R 389 and R-390.
The main problemin all of these oscillators is stability which cane out
rat her good al t hough further inprovenent is being considered.

7. Crystal Calibrator

This covers the design of the 100 kc crystal calibrator unit in
which the main problemwas the nulti-vibrator performance. This is now
consi dered sati sfactory except for the possibility of circuit agi ng which
wi Il be investigated during production.

8. Special Circuits

This covers the work done on special circuits such as the AGC
system noise limter and others. No mgjor problens were involved in
t hese special circuits.

To conplete this work it has taken approxi mately 30,000 engi neering
man hours inplenented with | aboratory technicians and drafting hel p.
This work has been spread over a three-year period with the delivery
schedul e as foll ows:

Project Started June, 1949
R-390 No. 1 January, 1951
R-389 No. 1 Mar ch, 1951
R-390 No. 2 Sept ember, 1951
R-389 No. 2 February, 1952
R-390 No. 3 February, 1952
R-389 No. 3 May, 1952

M scel | aneous Accessories February, 1953
Fi nal Report August, 1953



The accessories and later itens required by this contract which in-

clude drawi ngs and final report, have been del ayed considerably, due to
the efforts being made to nmeet production schedules for sone of these sanme
equi prent s.

In general, this report has stressed only the new and i nportant
points of this work and has left many of the |lesser details to the nonthly
reports and instruction books. For a nore conplete record of this program
t he ot her publications should be consulted.

3.0 PUBLI CATI ONS

The following is a list of publications which are directly concerned
with this project and may be used to supplenment this report:

1. Engineering Proposal for R 219 Receiver - Collins Radio Co.
2. Mnthly Reports - Contract DA36-039-sc-44352 - Collins Radio Co.
3. Instruction Book, R-389 - Collins Radio Co.
4. Instruction Book, R-390 - Collins Radio Co.
5.  Manufacturing Drawi ngs and Specifications - Collins Radio Co.
6. R-389 - R-390 Specification SCL-1134-B (Devel opnent)
7. R-389 - R-390 Specification ML-R 10474 (Production)
8. R-389 Type Test Procedure - Collins Radio Co.
9. R-390 Type Test Procedure - Collins Radio Co.

10. R-389 Production Test Procedure - Collins Radio Co,

11. R-390 Production Test Procedure - Collins Radio Co.

12. 51J-3 Instruction Book - Collins Radio Co.

4.0 FACTUAL DATA

This section contains a discussion of the work acconplished during
this contract. This work can be broken up into separate tasks as foll ows:

Task A — Pl anning
Task B - Model Building and Testing
Task C - Drawi ngs and Report

Most of the time was spent on task B which involved the building and
testing of six conplete nodels with all their accessories.

4



4.1 Task A - Pl anning

The work of planning a project of this size is quite extensive and
began with the first proposal submtted for bidding purposes. At that
time a detail ed analysis of the specification was not practical and only
general i zed pl anning was done. However, it was apparent at this tine,
that the basic requirenent for these receivers, was a high degree of
stability and calibration. This stability and calibration was obtai nabl e
only by special superheterodyne systens and the first major problemto be
sol ved was the determ nation of the frequency schenes to be used.

In the engi neering proposal for this devel opnent contract submtted
in March, 1949, it was stated that the frequency schenme to be used in
het erodyni ng the received signals down (or up) to a fixed IF frequency
woul d be simlar in basic principal to the Collins, comercial, com
muni cati ons, receiver, the 51J. This basic principal is to build a
tunabl e, | ow frequency receiver covering a one nmegacycle range with ex-
trenme accuracy and stability. This |ow frequency receiver is then used
as a tunable IF strip for the higher frequencies by using fixed crystals
to heterodyne one nmegacycl e ranges of the higher frequencies down to the
tunable IF range. A typical heterodyne system as described above is
shown in Figure 1.

The above schene is not usabl e throughout the entire frequency range
covered by these receivers so special frequency schemes were needed bel ow
about 8 negacycles. The best way to cover these |ower frequenci es was
determ ned to be by use of "triple conversion.” A typical frequency
scheme of this type is also shown in Figure 1

Bef ore any actual nunbers for signal ranges and injection frequencies
could be decided upon, several points had to be carefully considered. The
nost i nmportant of these were (1) spurious signals, (2) circuit conpli-
cations, and (3) nechanical problenms. The specification called for al
spurious to be down at least 80 db and this was the design goal. There
was no actual limts on circuit conplication although it was known t hat
reliability and ease of mmintenance were inportant considerations. The
mechani cal problenms for switching and tuning such a system could be very
great, so mechanical sinplification was given considerabl e thought during
this planni ng phase.

The spurious response were first considered to be of two genera
types, but later a third type caused serious trouble and some changes
had to be nade. The first type occurs when the IF is higher than the
signal and is such that harnonics of the signal feed directly into the
IF. This can be expressed sinply that n Fs = IF where Fs is the signa
frequency and n is an integer and is considered as the order of the
spurious. One of these occurring in Figure 4 would be at 3.0 nt in the
3-4 band when the 5th harnonic of 3 nt would fall in the high IF (15 nt).
This would be a 5th order spurious.



The second type of spurious occurs when the signal or its harnonics
beat with the injection or its harmobnic to give the IF frequency. This
can be expressed by n Fs £+ mFx = zIF when Fx is the injection fre-
guency and mis an integer. The order of this type of spurious is
(n+ M. This type occurs in Figure k in the second m xer at 15 nt when
(3 x 15) - (4 x 12) = -3.0. This would be a 7th order (3 + 4) spurious
and woul d occur on every band.

During the early stages every attenpt was made to devise frequency
schemes such that no spurious below the 7th order would present. How
ever, when mechanical problens and space limtations were considered,
this limt was dropped to 5th order

At this time it was also found that there was no standard nethod
of spurious response neasurenent. The follow ng nmethod was used through-
out this program

1. Set a standard audio output for a 5 microvolt input on signa
frequency.

2. Tune generator to spurious frequency and increase to sane
audi o out put

3. Spurious response ratio is the ratio between spurious i nput
and 5 microvolts.

VWhen it was found necessary to allow 5th order spurious in the
systens, it was realized that the 80 db figure required in the speci-
fication could not be net. However, it looked like a limt of 60 db
woul d be possible and seened to be acceptable to the Signal Corps as
t he best possible conprom se.

The third type of spurious response nentioned previously should
actually be classified as "internal signals", since they require no
signal input. These are caused by the beating and m xi ng of the various
oscillators within the receivers and are sonetines called "tweets,"
"whistles,"” or "birdies." There was no exact specification on interna
signals and |ikew se no standard nmet hod of neasurenent. The nethod set
up for neasurenent was to conpare the output of the internal signal to
an equi val ent external signal and express its strength in mcrovolts.
The original design limt set on internal signals was one microvolt
maxi mum but considerable trouble was encountered in trying to nmeet this
limt. The |latest nodels had approximately the follow ng performance
on internal signals:

Tot al nunber 25
Less than 1 microvolt 20
1to 2 mcrovolts 4
2 to 3 mcrovolts 1



The strongest of these signals occur when the receivers are tuned to
an internal oscillator frequency or sone oscillator harnmonic. They al so
may occur when two oscillators or their harnonics differ by one of the IF
frequenci es. Considerable planning and testing of various frequency schenes
was done before any of the actual nodels could be started.

Bef ore nuch frequency schene pl anning could be done, it was necessary
to determ ne the spurious response characteristics of mxers. This re-
qui red considerable tine, but did show about what coul d be expected for
various types of mxer tubes and various operating |levels. The best com
prom se found was to use a triode m xer which had a renote cut-off charac-
teristic. This gave a |low noise figure and fairly good spurious perfornance.
The m xer tube chosen was a 6C4 which gave 60 db rejection to a fifth order
spurious. This was considered usable and so a fifth order was set as the
| owest order cross-over to be all owed.

Several frequency schenes for the R 389 were actually built in bread-
board style before they could be fully evaluated. A nore detailed des-
cription of these various systens is given under the R-389 RF section
(4.2.5). The final systemis shown in Figure 2.

The R-390 frequency schene was broken up into two ranges. The high range
above 8 nt woul d be a conventional double conversion systemsinilar
to the commercial 51J receiver. Below 8 nt, triple conversion was to be
used. A great deal of calculating was required for the | ow range to pick
crystals and high IF ranges that were usable. The nmain requirenents were
to avoid | ow order crossovers and to have the high IF ranges for all seven
bands be within a 2:1 tuning range. The final R 390 frequency systemis
listed in Table I and bl ock diagramis shown in Figure 3.

At the same tinme that the detail ed planning of the RF portion was
bei ng done, a thorough study of the specification was nmade and tentative
pl ans were |layed out for all parts of both receivers. One of the first
probl ens encountered was the physical and nechani cal makeup required of
these receivers. The specification called for an inmersion-proof case
desi gn which presented many problens but mainly one of tenperature rise
and heat dissipation. Since no air could be circulated in or out of a
seal ed case, the first thoughts were toward neeting this requirenment by
radi ati on of the case alone. Tests were nade using a tenporary case ap-
proxi mately the correct size with an estimted power requirenent of the
equi prent. These early tests showed that high tenperature operation was
a very serious problemand would require special heat-exchange unite to
keep the receivers within practical tenperature limts.

At this point the Signal Corps decided that the requirenent of a
wat er-tight seal ed case should be dropped rather than add any | arge ex-
pensi ve cooling system This also fit in with their ideas for a separate
smal l er receiver for nobile field use and limting the use of the R-389
and R-390 units to fixed station use. This nobile receiver was |ater de-
vel oped to be used as part of the GRC-19 equi prent and was typed the
R- 392/ URR



Freq.
Band Range
0 .5 -1
1 1- 2
2 2 - 3
3 3- 4
4 4 - 5
5 5-6
6 6 - 7
7 7 - 8
8 8 -9
9 9 -1
10 10 - 1
11 11 - 1
12 12 - 1
13 13 - 1
14 14 - 1
15 15 - 1
16 16 - 1
17 17 - 1
18 18 - 1
19 19 - 2
20 20 - 2
21 21 - 2
22 22 - 2
23 23 - 2
24 24 - 2
25 25 - 2
26 26 - 2
27 27 - 2
28 28 - 2
29 29 - 3
30 30 - 3
31 31 - 3

Wth the tenperature problemsinplified,
mechani cal | ayout could be started.

entire receiver
were figured.

Coi |
Range
.5 -1
1- 2
2 - 4
2 - 4
4 - 8
4 - 8
4 - 8
4 - 8
8 - 16
0 8 - 16
1 8 - 16
2 8 - 16
3 8 - 16
4 8 - 16
5 8 - 16
6 8 - 16
7 16 - 32
8 16 - 32
9 16 - 32
0 16 - 32
1 16 - 32
2 16 - 32
3 16 - 32
4 16 - 32
5 16 - 32
6 16 - 32
7 16 - 32
8 16 - 32
9 16 - 32
0 16 - 32
1 16 - 32
2 16 - 32

TABLE |

1st M xer
Cystal
9 9.
8 9.
10 12.
12.6 15.
7 11.
8 12.
9 13.
10 14.

R- 390 Frequency Schene

- L
Q
>

F

1
[
o

- 12
- 13
- 14
- 15

QO OO OOouu

- 16.

Most of the basic circuits for

had been | ayed out and the approxi mate space requirenents

Since unitized construction was to be used,
was to conmbine the basic circuits into units,

bility of interchangeable units between the R 389 and R-390 nodel s.
common units were arrived at and were the power,

audi o,

2nd M xer
Xtal Inj.
12 12
12 12
15 15
6 6.2 18.6

14 14

8 16

9 18
10 20
11 11
12 12
13 13
14 14
15 15

8 16

8.5 17

9 18

9.5 19
10 20
10.5 21
11 22
11.5 23
12 24
12.5 25
13 26

9 27
14 28

9.66 29
10 30
10.33 31
10.66 32
11 33
11.33 34

t he planning of the entire
t he
the first problem

keeping in mnd the desira-

Thr ee

and | F units.



The variable frequency oscillators were to be the sane size as the
standard Col lins VFO except for the addition of the tenperature control
ovens. This left the two RF units plus a few niscellaneous itens to be
fitted into the allotted space.

At this point, the planning phase of the project was considered at
an end, and the building of nodels could be started.

4.2 Task B - Mdel Building and Testing

The contract called for one experinmental nodel of each receiver to
be delivered foll owed by two engi neering nodels of each. The actua
program started with a paper nock-up nodel used to |ocate sub-assenblies
and all ot space for each. This paper nodel was foll owed by "bread-board"
nmodel s which were the first attenpt to package the bread-board circuits
into their proper sub-units. These nodels were never really functioning
nodel s and were never delivered to the Signal Corps. The next nodels
built were the so-called engineering nodels and were actually delivered
to the Signal Corps for their coments. Since there were many known
deficiencies in these engineering nodels, the design of the next nodels
were actually started before the engi neering nodels were delivered. The
Si gnal Corps engineers were working very close with the contractor at
this time so many of their opinions and changes were incorporated into
units before actual submi ssion. Rather than build the second and third
nodel s together it was decided to build only the second and hold the
third nodels for any changes which were required by nunber two. This
undoubt edl y del ayed the program but resulted in the third nodel s bei ng
much nore conplete and nore acceptable to the Signal Corps.

4.2.1 Mechani cal Design

The mechani cal design work on these receivers was not started until the
el ectrical planning was far enough along to give good information as to
conponents and their location. One of the first things investigated
was the case design which was specified to be water-tight. This neant
t he problem of cooling had to be considered since excessive tenperature
rise could be very serious. A power dissipation of 100 to 150 watts was
estimated and tenperature rise nmeasurenents were nmade using a tenporary
case of the approximate construction. These tests showed that the
tenperature rise was way too high unless a very effective cooling system
was al so used. Rather than conplicate the equi pment with these extra
parts, the Signal Corps dropped the requirenment for a water-tight case
i n exchange for both a collapsible table cabinet and a rugged vehi cul ar
case. Both of these cases could be ventilated so the cooling problem
was sinplified considerably.

The next step was to build a paper nodel of the equipnent, and work
out the space and positions for the various sub-unite. This step re-
sulted in the use of an "H' type frame on which units nmount fromboth top
and bottom This basic design can be seen in Figures 21 and 22. Also
mounting on this frane were the front and back panels, and the top and
bot t om dust covers.



Anot her requirement which influenced the design of this franme was the
possibility of adding automatic tuning to the R-390 at sone future date.
Space for the automatic tuning heads and notor was left in the equi pment an
provision for a separate casting for mounting these parts was nade. The
addition of the nmotor and "autotune" heads was done |ater for the FRR-33
equi prent and this nodel of the receiver was called the R 391

The actual construction of the frames is rather unique in that it is
made up of six forned pieces, spotwel ded together to give its final shape
and gi ving double thickness at all points. The franes for the R 389 and
R-390 are identical except for differences in unit nmounting hol es so that
the sane form ng tools can be used.

Captive screws on the sub-units were used to hold the units to the
frane. Flush nounting nuts which pressed into the frame were used for
mating with these captive screws. Nunber ten nounting screws were used
and gave very little trouble in shock and vibration tests. These nounting
screws can be clearly seen in several of the unit photographs such as
Fi gure 27.

The units are connected together by a main cable which is a part of
the front and rear panels. This allows the cable and panels to be built
separately and then attached to the frane.

It should also be noted in Figures 4 and 5 that the handl es on the
front allow the equipnment to be rolled over or stand on its face w thout
damage to controls. This is also carried out on the rear panel, Figures
5 and 16, where bunpers are placed on either aide to protect the rear
termnals and all ow the equi pnent to be set down on the back w thout
damage. These back bunpers al so have hol es which engage pins in the ve-
hi cul ar applications in order to hold the back end better. The rear view
of these receivers in Figures 5 and 16 al so show the | ocation of the tools
and tube pin straighteners which were included. The plate showing in the
lower right rear of the R-390 covers the hole which is used for a renote
cabl e when converted for automatic tuning. There were no provisions nade
for renote tuning of the R 389, since no requirenents for this type of
operation could be forseen

Mounting on the top and underneath the main frane are seven main
sub-units. These are (1) power units, (2) audio unit, (3) I-F unit,
(4) RF unit, (5) crystal oscillator, (6) calibrator and (7) variable
frequency oscillator. These units ended up in their various positions due
to a fairly logical arrangenent. The VFO which is the main frequency de-
termning unit, required direct coupling to the main tuning knob and so
was pl aced directly behind the tuning knob. The obvious place for this tuning
knob was in the center of the panel where it could be easily reached
for manual tuning. Since there were nechanical |inkages necessary to the
RF tuning, the RF unit was placed just above the VFO and extend to the
right side. This allowed the band change knob to connect to the RF unit

and still be on the Iower right of the panel for ease in operation. This
al so allowed the frequency counter to be part of the RF unit and still be
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in the center of the panel where it should be. The crystal oscillator
unit required band switching and so was placed directly behind the RF unit
and coupled into the band change drive. The shaft was al so brought out
the rear for synchronizing the oscillator and for power to band switch
external units. This feature was |later used for driving the URA-13 ex-
citer unit and the three nounting holes for this attachment can be seen
around this shaft hole.

The only other mechanical |inkage necessary to be brought out through
the front panel was the IF bandwi dth switch and the BFO pitch control. Since
these were both on the IF unit, this was placed on top next to the RF
The ot her units which had no nechanical drives were placed underneath the
frane as shown. One very desirable feature which came out of this arrange-
ment was that all normal alignment, both RF and IF, can be nmade fromthe top
while the crystal oscillator trinmng condensers are available fromthe
back.

The power unit for AC operation is shown in Figures 23 and 24. The
three captive nounting screws can be seen along with the four tapped hol es
in the power transformer itself, which fastens the transforner directly to
the side of the main frane giving extra support to this heavy unit. The
guard bracket around the plug should also be noted. The DC power unit is
shown in Figure 25. This unit nmounts by two screws into the front side and
two captive screws accessible through the holes seen in the top. The sane
franme nounting holes are used for both AC and DC units. The dynanot or
has rubber isolation washers under its cradle to reduce noise and the boxed-
in portion contains filtering conponents for the electrical |eads.

The audio unit is shown in Figures 26 and 27. The nechani cal con-
struction of this unit is straight-forward except for the shelf in the
chassis to hold the large regul ator tubes. The sockets on this shelf are
of a very flat design to allow for the extra tube height. The hol es around
these big tubes are for ventilation

The IF unit is shown in Figures 28 and 29. The sealed unit under the
chassis is the BFO and is shown opened in Figure 30. This unit is turned
t hrough the "bell ows" type coupler since the shaft is threaded and noves
in and out of the oscillator. The construction of some of the IF trans-
forners are shown in Figures 31 and 32.

The RF units were started as soon as their frequency schenes were
determ ned. These units were by far the nost conplicated part of the
equi prent both electrically and mechanically. The basic nmechani cal problem
was to tune and switch the required nunber of circuits in the allotted
space. Tuning of the RF circuits by neans of nmoving iron cores had been
deci ded upon previously, since this was the easiest nmethod for handling
so many circuits and it also elimnated the design of a special tuning con-
denser. To cover the necessary tuning range in the R 389 coils, approxi-
mately 1-1/4 inches of notion was required. This ruled out cans for
lifting the tuning rack since there was not enough roomto swing cans this
size. To do the job of noving the racks, reversible | ead screws simlar
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to those used in level wind fishing reels were used. These can be seen in
Figure 12. Figure 13 shows the wormgears used to drive these screws such
that different wormand gear ratios allow the various racks to be noved at
di fferent speeds while all are being driven fromthe sanme tuning knob
Figure 71 is an expl oded view of the a-389 nmechanical system show ng de-
tail ed operation.

In the center of the RF unit is a notor-driven band sw tch which auto-
matically selects the proper coil range as the receiver is tuned. This notor
is operated by a comut ator whose vari ous segnents are arranged to corre-
spond to the desired bands. This entire tuning and bandswi tching systemis
driven by the gear train shown in Figure |4 which also drives the frequency
counter or dial. In order to speed up the tuning of this receiver, which
was rather slow due to the | arge nunber of noving parts, a tuning notor was
used and can be seen in Figure 13. This notor tuning allows the entire
range of the receiver (200 turns) to be covered in | ess than 40 seconds.

It can be seen in Figures 12 and 14 that ball bearings are used in many

pl aces to reduce the I oad on the tuning shaft. Considerable testing was
done on the reversible I ead screws and followers to find the best materials
and lubricants to reduce drag and wear. The final |ead screws are chrone
pl ate brass with hardened steel followers. The construction of the R 389

RF coils is shown in Figure 15. The coil itself is covered by a large
powdered iron sl eeve seen behind the trimer coil. A tuning slug is in-
cluded in this photograph to show how silver bands are placed around the
slug to lower the circuit "Q as it goes into the coil. The slug wire

shown is a phosphor bronze spring which is necessary to reduce shock and
prevent breakage.

The R-390 RF unit is shown in Figures 35, 36 and 36A. This unit also
uses perneability tuning, but only requires 0.800 inches travel. This
allows the slug racks to be driven by neans of canms. Both the canms and cam
foll owers can be seen in the rear view of Figure 36. The design of these
cans i s such that 300 deg rotation is used for accurately lifting and po-
sitioning the racks while the other 60 deg is used as a quick return. The
positioning portion gives a linear rise while the return portion is de-
signed for m nimumtorque requirements. These cans all operate in a pre-
ci se sequence and the marks for synchronizing them can be seen on the rear
pl ate. Adjustnment of each pair of came is possible since they are driven
by a gear which has a split hub and is clanmped on its shaft.

The expl oded view of the R 390 nmechanical systemis shown in Figure 72
whi ch shows the entire detailed operation. A rather special design is the
CGeneva and overtravel coupler used to drive the RF band switch. This
mechani sm al |l ows the 30 position negacycle knob to switch the six RF coi
ranges in and out at the proper time. The R-390 al so uses a dial corrector
which allows the drive to the frequency counter to be rel eased through a
clutch while the receiver is set to correct frequency. The frequency counter
or dial is a part of the RF gear train and required special devel opnment by
t he manufacturer of a geneva type transfer in order to neet the speed
requi renents of the automatic tuning system In order to reduce error and
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backl ash, nost of the gears in this unit used are of the spilt-|oaded type.
There is one differential gear assenbly used and in the case of the first
IF tuning, a differential notion is achieved by actually noving the coi
cans slightly with one camwhile the slugs are driven by another

For ease in assenbly of the R390 RF, the gear train can be built
separately fromthe RF chassis as shown in Figures 37 and 38. The coi
assenbl i es can be plugged in and typical assenblies are shown in figures
39 and 40. The variable pitch of the w nding necessary for straight line
frequency can be seen in these pictures.

During the vibration tests on the [ ater nodels of the R-390, severa
t hi ngs showed up which required changes in the future units. For one thing,
t he | oaded gears caused consi derable wear due to their "chew ng" action
when driven by brass pinions. The pinions were changed to steel to relieve
this problem It was during these vibration tests that the need for the
spring wires on tuning cores instead of a solid wire was found. There was
al so sone indication of the rack foll owers "poundi ng" the brass cans causing
dents, but this was not considered serious enough to warrant steel cans
since the cutting of the softer brass cans is |ess of a manufacturing
probl em

VWhen this RF unit is placed in the main frame, its gear train neshes
with the two knob gears which are on the | ower casting, The tolerances
i nvol ved here are rather |large and a procedure for "shinmng the casting
when it is nmounted into place is required. The RF unit itself is |ocated
by its front gear plate resting on the bottomthe the main frane and being
hel d agai nst the side of the frame by two side screws. A better way to tie
these two gears together woul d have been to use a common gear plate but the
requi renents of interchangeability with the automatic tuning system nade
this inpossible w thout considerable redesign

The normal use for both equipnents is in a fixed station where they
woul d be nmounted on a relay rack in a normal fashion. However, special
cases were designed for use in table nmounting and vehicul ar use. The table
cabinet is shown in Figure 49 and can be taken apart for shipnent as shown
in Figure 50. The vehicular case is very simlar in design except for
nore rugged design which includes permanent wel di ng i nstead of being
col | apsi bl e.

This covers the general nechanical design of the equi pment and the
various circuits and subassenblies will be taken up separately.

4.2.2 Power Units

There were two power supplies devel oped for these receivers under this
contract. One for 115/230 volt AC operation and one for 28 volt DC oper-
ation. These two units are conpletely interchangeabl e except that power
cords and line fuses nmust al so be changed. They both fit into the sane
space in the equi pment and are nounted in the sane hol es.
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4.2.2.1 AC power Units

The AC power supply unit is shown in Figures 23 and 24. A conpl ete power
schematic is shown in Figure 51

Early in the programit was decided that the nost efficient way, in
both space and weight, to supply plate power for the receiver's operation
woul d be to use electronic regulation throughout. This was dictated by
several things. First the need for close voltage control on all oscil-
lators in order to neet the stability requirenments. Second, the need for
cl ose voltage control or, anplifiers stages since gain variations were to
be held to a minimum Third, the space and wei ght required would be I ess
than if condensers and chokes were used to do sane amount of filtering.
Fourth, the transforner voltage would be |lower than if the sanme voltage
regul ating were done with V-R tubes. Fifth, the actual power dissipation
woul d be I ower than with a conparabl e choke, condenser, and V-R tube
system One disadvantage of an el ectronic regul ated systemwoul d be the
extra tubes and circuits needed, however, this was not considered to be
a serious objection.

The decision to use 180 volts for the plate supply voltage was in-
fluenced by several factors. First, it was desirable to keep voltage as
| ow as possi bl e because of heat dissipation, conponent size and rating,
i nsul ati on probl enms, and shock hazzard. The factors requiring high voltage
wer e power output requirenents, oscillator performance, and the front-end
requi renents on bl ocki ng and cross-nodul ati on. The val ue of 180 volts was
sel ected as a conpromn se between these various factors.

Early in the programa B+ current requirenent of 125 ma was esti-
mated and the first power supply circuits were built accordingly. As
t he equi pnent was devel oped nore and nore current was required until the
| ast nodel s ended up using about 200 ma. The supply shown will deliver
200 nma at 180 volts with excellent regulation and |low ripple content
as the followi ng data indicates:

I nput voltage variation of £15% B+ variation %l volt maximm

Load current variation 100 to 200 na B+ variation %2 volt maxi mnum

Ri ppl e vol tage nor nal 0.01 volts

Ri ppl e vol tage worst condition 0.1 volts

In order to get a transforner to handle this anmount of power in a
small size, Class Binsulation was used in transfornmer. This allows the
transformer to run at 125 deg C at its hottest point.

Some of the early, lower current nodels used a 5U4G for a rectifier

tube, however, the | atest nodels use two 25Z5Wtubes. In order to reduce
t he peak current and to bal ance the parallel sections, a 47 ohmresistor
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is placed in series with each cathode. This supply feeds apprximtely
250 volts into the electronic regulator circuit as shown in Figure 51
Two 6082 tubes in parallel serve as series regulating elements and are
controlled by a 6BH6 DC anplifier coupled to their grids. This 6BH6 is
fed fromthe regul ated B+ through two 5651 gas tubes which present a
constant voltage drop. Thus any variation fromthe 180 volt value is
anplified by the 6BH6 whi ch changes the 6082 bias so as to bring the
vol tage back to 180 volts. ACTfiltering is acconplished first by the

| arge i nput condenser on the regulator plates and al so by feedi ng out

of phase ripple back through the 6BH6 anplifier. This is done both
through its grid circuit and plate circuit with a "hum bal anci ng" po-
tentioneter in the plate coupling circuit. This circuit worked very well
both for ACfiltering and al so serving as a | ow i npedance for AC in the
B+ circuits. However, an extra 10 nf condenser was |ater found neces-
sary on the B+ line to reduce audi o coupling through the power supply.

The 6082 tubes were devel oped by RCA on a Signal Corps devel opnment
contract and were very desirabl e because of their |ow plate inpedance,
smal | size, and high current capacity. The 47 ohmresistors in each
cat hode | ead serve to bal ance the parallel sections. Sone of the early
nodel s were built using only one 6082 but were found to be inadequate for
t he amount of power dissipation. Two tubes just handl e the power when
the voltage is maxi num The heat devel oped by these tubes is quite high
and every possi ble nmeans of cooling has been done. Even so all com
ponents in this area were selected for maxi mumtenperature operation
These tubes mount on the audio unit upside down on the | ower side of
t he equi pnent which al so made the heat problemworse. Some trouble was
experi enced under vibration with the 6082 tubes due to foreign pieces
of material inside causing nonentary shorts. The manufacturer is in-
vestigating this and hopes to find a renedy.

Also in the power unit is a 6 volt dc supply for the antenna, break-
in, and squelch relays. This supply is a bridge type circuit using a
copper-sul fide rectifier. The main problemhere was effect of heat and
nmoi sture on the rectifier itself. These problens were solved by de-
signing the relays for a mininumcurrent drain and by addi ng extra
finish coats of varnish to the rectifiers. Very little trouble has
been experienced with this circuit.

The filament regulation circuit for the oscillator filaments should
al so be covered here although this ballast tube is nounted on the IF
unit. Considerable work was done with Anperite Corp. in designing this
speci al ballast tube which feeds a constant 300 nmils to the two 6 volt
300 m| oscillator tubes used in the VFO and BFO. These three tubes
are connected in series across the 26 volt filanment supply. The ball ast
tube (3TF7) operates on a current of 290 to 330 nmils and holds this cur-
rent within 10 mls for input voltage variations of #15% This reduced
the 15%variation to approximately 3% There is some question if a
filament regulator is necessary in these receivers since the oscillators
are very good even without regulation. However, since the stability was
a big factor in this design and since the factor of tube aging was not
known, the regul ator was incl uded.
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4.2.2.2 28 Volt D C power Unit

The 28-volt DC power supply is shown in Figure 25. The conplete
schematic of this unit is shown in figure 52.

The design of the 28 volt DC power supply was a relatively sinple
matter except for the noise filtering problens. The requirenment for
this DC operation was the reason for using 28 volt filanent strings
t hroughout the units. The design of the dynanotor itself was no problem
ot her than changing the current rating as the receiver |oad increased
during the programand in keeping the overall size down. The fina
nodel of this dynanotor was supplied by the El ectrol ux Corp. of Con-
necti cut.

The probl em of dynanotor brush noi se, especially when used with
the | ow frequency receiver, was quite serious. Several different filter
designs were tried before an adequate circuit was found and even then
it was felt that some inprovenent could be nmade by further work.

This present 28 volt DC supply does cause a slight drop in signal-
to-noise ratio at certain frequencies in both receivers, about 2 db in
the R-390 and 3 db in the R-389. There is also sone noise radiation
back through the filament and power circuits, but with adequate shiel ding
bet ween these | eads the antenna, trouble can be elim nated.

This dc power unit is interchangeable with the AC unit and uses the

same electronic regulator systemfor the plate voltage. A special power
cord and special fuses are required for dc operation. The power plug on
t he back of the radios have four pins, two of which are used for ac and
two for dc operation. The negative side of the DC is al ways connected
directly to ground. When operating froma 28 volt source, the R-389

and R-390 draw about six amperes for normal operation. Wen the oscil-

| ator ovens are turned on an additional four anperes are used inter-
mttently, depending upon the heat necessary. The |life expectancy of
this dynanotor is about 1000 hours.

4.2.2.3 115 Volt DC Operation

The equi pnent specifications also required a separate power unit for
115 volt D-C operation. An investigation into the possibility of using
the R-389 and R-390 receivers on a 115 v dc source indicated the power
unit would have to conformto the foll owi ng requirenents:

1. Input voltage: 115 v dc #15% For this 15% change in
i nput vol tage, ac output voltage nust not vary nore than
15%

2. Qutput power: 300 watts
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3. Wave shape: Sinusoidal, with no RF noise or harnonics at
frequencies from 15 kc to 32 nt in excess of 100 microvolts
(peak volts). Radiated noise nmust be below 10 mcrovolts
per nmeter at a distance of 2 feet (15 kc to 32 nt).

4. Frequency stability: CQutput frequency may not exceed the
limts of 50 to 60 cps over the voltage and tenperature
range, and fromno load to full | oad.

5. Anbient tenperature: -40 deg Cto +65 deg C operating,
-62 deg Cto +65 deg C non-operating.

6. Humidity: Operation after storage in humdity up to 100%

7. Atitude: Transportation at altitude of 35,000 feet, with
operation up to 10, 000 feet.

8. Unit to be fungus-proofed per ML-T-10513.

9. Expected life should be 1000 hours or greater w thout parts
repl acenent.

The first type of inverter investigated was a vibrator unit, and a
commercial unit was purchased for test purposes. Although the power out-
put was adequate, the voltage regul ati on was not too good. The vibrator
harnoni ¢ noise at 15 kc to 500 kc was excessive, and tests indicated that
it would be extrenely difficult to filter this unit to prevent noise
radi ation at these frequencies. This is due to the basically non-sinu-
soi dal wave shape obtained fromthe vibrator, which results in many har-
nmoni cs of the vibrator frequency appearing in the output voltage. i -
brators woul d have to be repl aced about every 1000 hours. These vibrators
have a net price of about eight dollars.

The second type of inverter investigated was a thyratron supply. The
thyratron system has the advantage of no noving parts, and can be nade to
operate over the required tenperature range satisfactorily. Systens for
regul ati ng the output voltage and frequency coul d be devi sed which woul d
bring themw thin specification limts. However, there are several dis-
advantages to a thyratron inverter. The unit becones fairly conplex in
order to neet all of our requirenments and the conponent parts are quite
expensi ve and bul ky. Thyratron tube life could not be guaranteed for
| onger than 1000 hours and these tubes have a net price of about $25 each
Two tubes would be used per unit. RF noise neasurenents indicated that
it would be fairly difficult to get adequate filtering of the output. A
production quotation for 1000 of this type of unit was about $450 each
A schematic diagramof the Collins experinmental inverter is shown in
Fi gure 53.

The third type of inverter investigated was a small comercial rotary
inverter. The unit had an internal governor which regul ated the out put
voltage to within 3% for a 15% i nput change. CQutput frequency is |ikew se
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regul ated by the governor to #+3% RF noi se and harnoni cs were checked
using an R-389 receiver, and it was found that wi th an antenna connected
to the receiver, the inverter had no effect on the noise |evel of the
receiver. The receiver was tuned over its conplete range between 15 kc
and 1500 kc., checking for noise and harnonics, and operation was con-
sidered satisfactory. An R-390 receiver was al so used and the noi se
checked satisfactory from500 kc to 32 kc. Wth proper lubrication
tenperature extremes shoul d have no adverse effect upon the inverter. It
had been noi sture and fungus proofed per ML-T-10513. A production quo-
tation of about $155 each for this type of unit in quantities of 1000 was
obtained. The estimated |life of this nachine would be 5000 to 10, 000 hours.
Mechani cal noise is somewhat of a problemin a rotary inverter although it
could probably be mounted in a location far enough fromthe receiver to be
unobj ecti onabl e .

O the three types of unite tested, it appears that the best conpro-
m se would be the rotary machine. It can be nmade to satisfactorily neet
all of the requirements outlined for this equipnment and is cheaper to build
and maintain than the thyratron supply. The vibrator supply is not ac-
cept abl e because of the high RF noise level it generates. Six of the rotary
converters manufactured by Eicore Inc. of Chicago were shipped to the Signa
Corp on this contract. An outline drawing of these units is shown in
Fi gure 54.

4.2.3 Audio Circuits

Ceneral Design

The AF unit was designed to provide the required output within the
specified distortion limts with a m numum of power drain. Provision is
made for switching in suitable audio filters to give either a peaked fre-
guency response at 800 cps or a frequency response which cuts off sharply
above 3500 cps.

First Audi o Stage

One hal f of a 12AU7 was chosen as the first audio anplifier. QOper-
ation with an unbypassed cat hode reduces distortion and allows a greater
grid input voltage swing. This is inportant because this tube is operated
directly fromthe detector circuit without an intervening gain control. It
is so designed that the last IF tube will overload before this first audio
stage begins to draw grid current. Since it was nost convenient to use
filters in the medium and sharp positions having i npedances of 600 ohns,
the first audio stage is transformer coupled to these filters. An audio
response selector switch selects the proper filter and/or attenuator to
keep the output constant (at 800 cps) irregardl ess of the switch position
The output of the filter in use is fed to two parallel 2500 ohm audi o gain
controls. One of these gain controls is shunted with a 1200 ohmresi stor
to present a conbined | oad of 600 ohns to the audio filter
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Local CQut put

One hal f of a 12AT7 grid is fed fromthe I ocal gain control. Its
plate is coupled to the grid of the 6AK6 | ocal output tube. Negative
feedback is enployed fromthe plate of the 6AK6 to the cathode of the
12AT7 to reduce the output inpedance. This negative feedback reduces
the voltage gain considerably and in order to bring it back up to a
reasonabl e |l evel a snmall ampbunt of positive feedback is provided by
maki ng a fraction of the cathode resistors of the half 12AT7 and 6AK6
common to both tubes. The effect of the positive feedback is to can-
cel the negative current feedback devel oped across the cathode of the
hal f 12AT7 and so raise its gain.

Li ne Qut put
The other half of the 12AT7 has its grid fed fromthe |line gain
control. Its plate is coupled to the grid of the 6AK6 |ine output tube.

In order to keep the input voltage about the sane for rated output on

both I'ine and |l ocal channels, the plate resistor for the |ine output half

of the 12AT7 was reduced to 82K ohnms. This requires a slight juggling of both
positive and negative feedback resistors to obtain the sane condition of

out put i npedance as for the I ocal output.

Oiginally, the line output tube was a 6AK6 triode connected, but
Signal Corps requirenents for a -10 db position of the Line Meter switch
necessitated 10 db nore avail abl e power which made it necessary to go to
pent ode connections for this tube. Connected between the |ine output
transformer and the line is a 14 db pad. Wen 10 nwis delivered to the
| oad, the tube is actually putting out 230 mliiwatts. When the Line
Meter switch is in the -10 db position, the line neter is connected di-
rectly across the |ine output transformer secondary. Under this con-
dition, the anmount of power delivered to the line is 10 db I ess than
that indicated by the VU neter. Wen the Line Meter switch is in the O
position, the VU neter reads the anmount of power delivered to the line.
Under this condition, the VU neter is connected to the output trans-
former through a 10 db pad. When the Line Meter switch is in the +10
position, the anount of power delivered to the Iine is 10 db nore than
that read by the nmeter. Under this condition a 20 db pad is inserted
bet ween the output transformer and the line neter. The electrica
operation of this switch is illustrated in Figure 55.

Squel ch

The squel ch threshold has been adjusted so that the squelch relay
operates at about 5 volts on the diode load. Wth the RF gain control
set at maxinum this corresponds to a signal strength of about 1 uv.
The squelch relay is operated by the other half of the 12AU7, its grid
bei ng connected through an audio filter to the di ode detector
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Qut put Tube Decoupling Filter

VWhen a strong signal is tuned off to the side of the receiver se-
lectivity curve, any random noi se pulse is likely to set the receiver
into a type of audio oscillation which depends on the continued presence
of the external carrier for its maintenance. Audio is fed back fromthe
out put tubes to the B+ Iine which nodulates this carrier. This is de-
tected and fed to the audio and in this manner the oscillation maintains
itself. Placing an extra decoupling filter between the output tubes and
B+ broke the feedback circuit and stopped the oscillation. However,
tenperature requirenents of the receivers necessitated use of a paper
filter capacitor in the decoupling filter and it was inpossible to get
one | arge enough in the avail able space to conpletely elimnate cross-
tal k between the |line and | ocal channel

Break-in Rel ay

A break-in relay is used to silence the audio unit when an associ -
ated transmtter is in operation, and the receiver is being operated
under "break-in" conditions. This conpletely elimnates any signa
| eakage which gets past the antenna break-in relay. Connecting this
relay to the 600 ohm output fromthe audio transformer of the first
audi o stage elim nates hum pi ck-up troubl es which have been experienced
when this relay is used in a high inpedance grid circuit.

Audi 0 Qut put | npedance Tol erance

The out put inpedance at the line output is 600 ohm £10% at al
times. This is well maintained |argely due to the presence of the pre-
ci sion 600 ohm pads on the |ine output channel

At the local output channel the output inpedance varies over a
somewhat w der range, due to variations in feedback resistors, tubes,

etc. On this channel a figure of 700 ohns +20% i s attai nabl e.
Hum Level

A hum |l evel of at |east 50 db bel ow the audio output is attainable
for any audio | evel above 1 mw. VWile this does not neet specifications
it is at least as good as broadcast transmtter humlevel s which neans
that under ordinary use, the humlevel at the audio output will be Iess
than 3 db above the hum | evel sent by the transmitter

Audi 0_Qut put

The I ocal output is at |least 500 mwv at | ess than 10% di stortion at
400 cps.

Al though originally the Iine output distortion was also within specs
(3% at to mv) but the necessity of placing a -10 db position on the |ine
meter switch results in a 10 db waste of power, which with the other 4 db
waste required to nake the VU neter reading correct, results in a dis-
tortion at |ine output which reaches a maxi mum of 5% under sonme conditions.
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Overal |l Audi o Response

The original spec, SCL 11 34-B, called for a 2000 cps | ow pass audio
filter and a 1000 cps band pass audio filter. Before nmuch work could be
done on these, the spec was changed and a 3500 cps | ow pass filter was
substituted for the 2000 cps |low pass filter and the center frequency of
of band pass filter was changed from 1000 cps to 800 cps.

The 3500 cps filter called for in the new specification, ML R 10474
(Sig. © was to be equivalent to Federal #12 1008B. A filter was procured
and | oaned to two filter suppliers. Both companies submitted satisfactory
sanples. Later it becanme necessary to add another series regulator to the
audi o chassis, and in order to acconodate it, the size of the filters had
to be reduced. The problemwas presented to the suppliers and they both
came up with a design which cut the size in half with only a slight drop
in the response characteristic. The final response curves are shown in
Fi gure 56.

Because of space limtations, the 800 cps band pass filter does not
quite nmeet the frequency response curve specified but was approved by the
Signal Corps. The case of this filter was al so redesigned to be identica
with that of the 3500 cps filter in order to conserve space on the audio
chassi s.

Phot ographs of the final audio unit are shown in Figures 26 and 27.

4.2.4 |1-F C Crcuits

The design of the internediate frequency anmplifier for the R 389 and
R-390 Radi o Receivers was based on specifications included in the origina
Signal Corps contract. These specifications included a conplete de-
scription of each selectivity position (six in all) by means of bandw dth
at several attenuation points. It also included several other itens such
as envel ope phase delay, auxiliary circuits, and service condition

4.2.4.1 Specifications and Linmts

The original specification called for six selectivity positions, named
for the bandwidth at 6 db attenuation points. These were 0.1, 1, 2, 4, 8,
and 20 kc positions. The 20 kc position was later nodified to 16 kc at
3 db, and the 8 kc to be 8 kc at 3 db instead of 6 db. Bandw dths were
given at 3, 6, 20, 40, 60, 80 db attenuation points for each selectivity
posi tion.

The following table lists the various positions along with the nom na
bandwi dt h and shape factor for each. Shape factor is defined as the ratio
of 60 db BWto 6 db BW
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TABLE 1|1
BW Posi ti on BW- 6 db Shape Fact or

0.1 kc 0.1 kc 48

1.0 1.0 6.8
2.0 2.0 4.25
4.0 4.0 2-55
8.0 11.5 1.91
16.0 17.0 1.82

The other inportant electrical specification was envel ope phase
delay. This specified that the phase shift of a 150 cps nodul ati ng signa
shoul d not vary nore than 4.63 mcroseconds (1/4 deg) over the top band-
pass (3 db pts.). This variation in phase shift of the nodul ati ng signa
occurs because of non-linearity in the phase-shift vs frequency curve for
any one or group of tuned transformers. Specification originally called
for this requirenent in the 2 and 4 kc BWpositions. This was |ater nodi-
fied to include only the 2 kc position. It was shown inpossible to neet
the requirenents in the 4 kc position

4.2.4.2 Theoretical Considerations

The nunber of transforners needed, along wth physical constants for
each, are determ ned by the specifications for BW shape factor, and
envel ope delay. According to universal curves for shape factor vs nunber
of tuned circuits and coupling, it would require about 30 critically
coupled IF transformers to yield a shape factor of 1.9 shown in Table 11

On the other hand it requires only four transforners with a coupling
factor of three tinmes critical to produce the sane shape factor. This
has the di sadvantage of requiring at |east one transformer to flatten out
the hunps in the selectivity curve caused by over-coupling. After con-
sidering various conbinations, it was decided that the nost econonica
design would be five transfornmers. |If they were all critically coupled, it
woul d yield a shape factor of 2.6 which is the requirenment in the 4 kc
position. For the maxi num BW position, four of these transforners could be
overcoupl ed at about 2.5 tines critical and the remaining one used to fill in
t he doubl e hunps. This would yield a shape factor of about 1.8 with a
reasonabl e hope that the top of the overall selectivity curve could be nmade
flat with careful design.

It was discovered that the maximumlinearity in the phase shift curve
of a doubl e-tuned transformer occurs at about 0.6 times critical coupling'.

'Gardi ner and Maynard, |-F System Design Proc. |RE, VOL 32, P. 674, Nov. 1944
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Four transfornmers at 0.6 tines critical and one transfornmer at critica
coupli ng gave the best envel ope delay characteristic. This also yields a
reasonabl e design for the 2 kc position, giving a shape factor of about
3-6. It should be noted that the best envel ope delay characteristic would
occur with the m ni mum nunber of tuned circuits. Therefore, this design
is a conprom se between selectivity and del ay.

The 0.1 and 1 kc positions were logically suited only to a crysta
filter. Even a 1 kc position using 5 transformers, undercoupl ed, would
require @ on the order of 200. Design of the crystal filter is included
| ater.

The tuning capacitor was arbitrarily set at 1000 uuf. This is con-
si derably higher than the usual design. However, since five or nore trans-
fornmers nust be used for required selectivity, gain was not a probl em and
| ow i npedance tuned circuits could be used. This is desirable for maximum
stability.

The center frequency is quite inportant in the design of IF trans-
fornmers. The frequency of 455 kc was chosen for several reasons. One is
that it is considered standard in the industry for the final fixed IF
frequency. Another reason is based on bandwi dth requirenments. A |ower
frequency woul d make narrow bandw dt hs possible wi th reasonabl e Q val ues,
but woul d nake the w de position difficult. A higher frequency would work
the other way. A reasonable conpronmise is 455 kc for this particul ar
specification, O course, |IF image rejection and spurious response
entered into the selection also.

4.2.4.3 OQverall Design

It has been established by theoretical considerations that the optimm
nunber of transforners is five for the requirenents shown in Table I1. How
to arrange these transformers in a practical circuit and calculate their
design constants was the next problem

Non- crystal Positions

The four non-crystal BWpositions will be considered first. The
desi gn was based on Gardi ner and Maynard' a uni versal design curves for
tuned coupled circuits The 4 kc position was obtained with five trans-
formers, critically coupled with Q factors of about 125. It is assuned
that all transfornmers are isolated by tubes.

The 2 kc position was nore conplicated because of phase del ay con-
siderations. Using the fact that maximumlinearity in phase shift occurs
at 0.6 tines critical coupling, a design could be made. Five transforners
at 0.6 tines critical did not satisfy the requirenments. It was necessary to
add one with a conpensating phase delay characteristic. It was found that one
transformer at critical coupling just conpensated for four

'Gardi ner and Maynard, |-F System Design Proc. |RE, VOL 32, P. 674, Nov. 1944
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transformers at 0.6 of critical. The design requires close tolerances to
nmeet the requirements. The 2 kc BWspecification was al so satisfied by
this combination using all Q factors of 125.

It should be nentioned that the anmount of envel ope phase delay is
determ ned by the slope of the phase shift curve of the five IF trans-
forners. The phase shift nmust be calculated to at |east four decinal
pl aces in order to determ ne the change in slope that would cause the 4.63
m crosecond del ay variation over the top bandpass of the five IF trans-
formers. This sort of calculation is inpractical by conventional neans.

McCoy?, in his work on envel ope phase del ay, devel ops as a side-line
an easy nethod of conputation for attenuation as well as phase shift
curves. This nethod is based on the exact equival ence, as far as se-
lectivity and phase shift are concerned, of a series of symetrically
stagger-tuned single-tuned circuits to a series of doubl e-tuned trans-
forners having the same nunber of tuned circuits. This nmethod is shown
mat hematically correct for any value of coupling in the transfornmers.

The big advantage of this method of calculation is in being able to
find quickly and accurately any desired selectivity curve or phase shift
curve by sinple addition and subtraction. By MCoy's nethod, it was
possi ble to cal culate the performance of the proposed |F design before-
hand. Actually, equipnment was not available to nmeasure envel ope del ay
until the design was finished and transformers constructed. However,
actual neasurenents were very close to predicted performance

In the 8 and 16 kc BWpositions, it was necessary to over-couple
four of the IF transforners as well as lower Qto obtain the desired
shape factor and BW The first transforner is used to counteract the
rise in voltage on either side of the resonance caused by over-coupling.
In order to design the fill transformer adequately, it was necessary to
calcul ate the attenuati on curves over the top bandpass very carefully.
The nmet hod of McCoy was used

After the conposite curve for the four over-coupl ed transforners
was obt ai ned, a graphical nethod was used to find the optinum coupling
and Qfor the fill transfornmer to give the flattest overall curve. In
this method, selectivity curves are plotted on | og paper, and a conpari -
son which is independent of Q values is nmade by noving curves al ong the
frequency axis. After a suitable match of shape is found, i.e., the
valley matched to top of the fill transforner, then the relative Qre-
lation is determ ned by how far one curve has been noved in relation
to the other. In this manner, a satisfactory design was established.

R'E. McCoy Envelope Delay in D-F receivers
Techni cal Menorandum M 1009, Sept. 20, 1946
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The followi ng chart gives the final design constants for the five
| F transforners:

TABLE 111
2 kc 4 kc 8 kc 16 kc
Traf . _Q  K/Kc Q K/ Kc Q K/ Kc _Q  K/Kc
T-1 125 0.9 125 0.9 87 0.5 60 0.5
T-2 125 0.6 125 1.0 88 2.0 68 2.2
T-3 125 0.6 125 1.0 88 2.0 68 2.2
T-4 125 0.6 125 1.0 88 2.0 68 2.2
T-5 125 0.6 125 1.0 88 2.0 68 2.2
T-6 26 0.9 26 0.9 26 0.9 26 0.9

Q=w./R for both primary and secondary
KIKe = KQ = MY L
M = nutual inductance

L

i nduct ance of primary and secondary

Notes: (1) Final transfornmer have unequal Qs. However this
chart gives the equival ent equal Q transforner.

(2) Transfornmer T-6 above is designed to feed the
di ode | oad, while not appreciably attenuating the
top bandpass in the 16 kc position.

(3) Transfornmers remain in the 2 kc position for the
0.1 and 1.0 kc crystal filter positions.

Crystal Filter

The crystal filter and associated circuit was designed by Bob Craigl ow
of Collins Radio Conpany. It is a conventional design except for the
met hod used to obtain sharpest bandwi dth. Instead of the crystal working
into a low resistance load, it feeds into a capacitor. By this neans, the
full Qof the crystal is realized, and at the sane tine, a reasonable out-
put is obtained. The crystal frequency is pulled slightly, but not enough
to cause trouble. The 1 kc position was obtained by addi ng additional re-
sistance in series with the crystal to lower its Q
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Circuit Considerations

The actual circuit layout with tubes, resistors, etc. was designed
nostly on the basis of |aboratory experinment. It was found that the fil
transfornmer, T-1, should be placed first in the Iine up. Qherw se the
rise in gain on each side of resonance (about 9 db) coul d overload the
| ast stages before the fill transforner. Also the change in gain between
4 kc (max. gain) and 16 kc(mn.) positions had to be conpensated. This
was acconplished by swi tching cathode resistors in tw stages of ampli-
fication.

Amplifier layout was conventional wi th the usual nunber of decoupling
resistors and capacitors. Hi gh quality conmponents were used throughout.
Si ze of bypass capacitors was nore than adequate. No trouble with re-
generation was encountered as a result of good isolation between stages
and between input and output. Several tubes were tried for 455 kc anpli -
fier use. Final tube decided upon was a 6BJ6, a renote cutoff pentode
with 150 ma 6v filament. The last IF anplifier tube was chosen to be a 6AK6
This tube provided the |arge signal input capacity necessary to neet a
specification calling for the output to be Iinear with 20 db signal increase
fromnormal |evel, M3C position.

In Figure 57 is a sinple block diagramof the main conponents.

Overall gain required was determ ned by needs of RF section and
audi o. Final value was 200 uv input for 7 vdc on detector. Gain could
be varied by neans of gain adjust pot between 10,000 and 100, 000. As can
be seen on the bl ock diagram all tubes serve as both amplifiers and gain
control devices except the final anmplifier (6AK6). This would nmake it
difficult to elimnate one or nore tubes by capacity coupling between
transfornmers. Nevertheless, it was found experinentally that 22 uuf top
capacity coupling between transfornmers would be satisfactory (no ap-
preci abl e change in selectivity) if a resulting 20 db loss in gain could
be recovered.

An external |IF output is provided for teletype use. Nominal im
pedance is 60 ohnms and normal output is around 30 mllivolts. This is
provi ded by a cathode follower which is fed fromthe grid of the fina
IF amplifier. The BFOis effectively isolated fromthis output by the
final IF tube (6AK6). CQutput voltage must be linear from20 to 200 nv
out. The cathode follower tube (1/2 12AU7) mnust operate near nmaximum
ratings to obtain 0.2 volts at 60 ohns inpedance.

4.2.4.4 Transforner Design

A previous Tabl e gives the design constants for the five IF trans-
fornmers. Some net hod of variable coupling had to be found which woul d
be adjustable fromthe front panel and yield the desired change in
coupling. The followi ng table gives the range of coefficient of coupling
K invol ved for each transforner.
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TABLE |V
2 kc 4 kc 8 kc 16 kc
Traf. K K K K__

T-1 . 0072 . 0072 . 00575 . 0084
T-2 . 0048 . 008 . 0228 . 0324
T-3 . 0048 . 008 . 0228 . 0324
T-4 . 0048 . 008 . 0228 . 0324
T-5 . 0048 . 008 . 0228 . 0324
T-6 . 0345 . 0345 . 0345 . 0345

—M__

K= QL1 L2)

M = mutual i nductance

Ly = inductance prinmary

L, = i nductance secondary

Not e: These val ues are again based on the equival ent

equal -Q transforner.

Vari abl e Coupling Methods

Several methods of variable coupling were investigated both theoreti -
cally and practically. A ratio of at least 7/1 was needed between maxi mum
and m ni mum coupling, as shown in Table V. Renmenber that this refers to
t he actual physical coupling, which is independent of Q val ues.

Top capacity coupling is used sonetinmes to add to the inductive
coupling between IF coils. It has the advantage of sinplicity and ease of
application. However, it has two serious drawbacks which prevent its use
here. One is that if top capacity is used to provide nost of the coupling
at high coupling factors, the selectivity curve will be inherently asym
metrical'. The other defect is that in swi t chi ng between several capaci-
tors to provide variable coupling, the coils are detuned with each change

! Radi tron Desi gner's Handbook, 3rd Edition, P. 125.
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in top capacity. This last defect is present in several variable coupling
systens, and prevents their use. Also, high inpedance sw tching, which would
be necessary, presents a design problemin high gain anplifiers. Carefu

pl acenent of |eads and sw tches nmust be observed or regeneration trouble wll
be encount er ed.

Bott om resi stance or reactance coupling was investigated also. This
means pl acing a conmon i npedance in the cold end of primary and secondary
coils. The common reactance nmethod has the sane drawbacks as top capacity
coupling, except that high i npedance switching is avoided. Bottomresistance
coupling was investigated experinmentally, since little could be found in the
literature. It was found inpossible to obtain even critical coupling with
this method. Evidently the common resistance |owered coil Q faster than it
provi ded tighter coupling.

The npst basic nmethod of varying the coupling between two coils is
nmovi ng them physically in relation to each other. This nmethod is the nost
direct and easiest to understand of all the schenes. \Were a powdered iron
core is used, the whole coil and core assenbly nmust be noved together in
order to avoid the serious defect of detuning. Even then, it is hard to
avoi d sonme change in tuning because of stray capacity to shield can, spacers,
etc.

Two possi bl e drawbacks are found in this system Mechanical construction
is conplicated and to neet the particular requirenent of four distinct
coupling
positions would require an accurate cam and detent arrangemnent.

This is difficult, but could be done. Perhaps the nore serious objection
is difficulty in obtaining the 7/1 coupling change required for this design
One such transforner constructed experinmentally had a coupling change ratio
of 3/1, which would still not be sufficient for the requirenents.

Anot her possible nmethod is variable stagger-tuning. Stagger-tuned
coils could be arranged to give the sane overall selectivity requirenents.
Selectivity could be changed by swi tching fixed capacitors across the
staggered pairs. This nmethod was not investigated because of conplicated
cal cul ations and the need for isolation between coils (nore tubes). Indi-
cations were that this nmethod woul d be better suited to high frequency IF
strips.

The first nmethod tried and actually used for a conplete set of trans-
fornmers, was a tapped |ink arrangenment. A sketch of the transformer is
shown in Figure 58

In the diagram L; and 1, are iron core tuned coils with powdered iron
cups around each coil. Lx is several turns of wire wound inside the iron
cup for Li. Lx and L; are coupled tightly. L; and L, have enough coupling
to provide the first of four coupling positions.
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This construction and nethod has several distinct advantages. The
switching is done on the cold end of the secondary only. This nakes | ayout
uncritical. Series resistors RL and R2 can easily be inserted to | ower the
Q and nechani cal construction is straightforward. The only critical item
is where the taps are placed on Lx. This determ nes the change in coupling
between positions 1, 2, 3 and 4. A relatively large range of coupling can
be obtai ned by adding nore turns to Lx.

The bi g di sadvantage, and what finally disqualified the system was
change in tuning of the secondary by switching nore turns in series with L2.
Thi s causes the double hunps in the over-coupled positions to be | opsided.

In one transformer the effect is not too pronounced, but when four or five
are added together, the effect is so great as to make it inpossible to obtain
a flat topped overall response curve.

Various systens were tried to conpensate for detuning. One was to
switch in a series condenser for every new coupling position to conpensate
for the change in inductance. This was successful, but the added com
ponents made it sonewhat inpractical

The systemfinally used was an outgrowth of the tapped |ink inductance.
To change coupling, it was decided to change the coupling of Lx in relation
to L1 by changing the spacing. Lx was placed outside the iron cup sur-
roundi ng L1, and noved up and down the coil formto vary coupling, while
keepi ng the inductance of Lx constant. Several practical difficulties were
encountered, but overcone in the final version

Physi cal Construction of Transforner

The interstage transformer shown in Figure 60 having four separate
val ues of coupling will be discussed first. T-I and T-6 in Table IV were
an outgrowth of T-2 thru T-5 (interstage transformers).

The coupling coil, Lx, discussed in the |last section is now coils A
B, C, and D, Figure 3. Each coil has the sane inductance, but varies in
its coupling to L; due to its physical spacing. Each link corresponds to
an overall coupling factor for the transforner. The primary tuning core
goes through all coils A, B, C, and D to provide higher coupling to primary
L;. Note that this core is connected to its adjusting screw through a
phosphor-bronze wire. This wire causes little loss in Qin the prinmary.
A brass stud would de-Q the primary considerably.

The powdered iron half-shells serve several purposes. One is to in-
crease the inductance of L1 and L2, which neans that fewer turns are re-
quired. They shield the coils fromexternal fields. This is quite im
portant, because in the conpleted IF strip, the transfornmers are nounted
as close as possible to each other to save space. The primary iron cup
serves to shield the links fromthe secondary.
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Wre used for the main coils is No. 30 x 44 SSE Litz, This gives a
high Qfor the relatively few turns used (83). Small links are 8 turns of
No. 30 DE wire. Powdered iron parts are all carbonyl E basic materi al
This is a high Q low perneability iron. Phenolic parts are nade of the
best electrical grade of paper base pehnolic available at the tine.

Col lins Specification No. 278 0103 00 describes the mechanical and electri-
cal specifications in nore detail than will be covered here.

The original design called for the main coils to be nmounted coaxially.
Thi s had t he disadvantage of havi ng one tuni ng adjustnent bel ow the chassis.
Shield can size on the first transformer was 2-1/2 inches high by 29/32
i nch square. To enable both tuning adjustnments to be nade fromthe top
the construction of Figure 3 was used. Shield can size is 2-1/2 inches
hi gh by 1-7/16 inches square.

Coupl i ng System

The final variable coupling systemw ||l now be explained in nore de-
tail. A systemthat will give four positions of Q and K/ K;, as listed
under Table Ill, transfornmer T-2, is the goal. Figure 58B shows the cir-
cuit for the transforner.

It was decided that for sinplicity in switching, it wuld be better
to lower the Q of the secondary only for the wi de positions. This can be
done easily by inserting resistors in series with the secondary tank cir-
cuit as shown in Figure 58B. The only requirenent is that these resistors
be non-inductive. The overall switch arrangenent in Figure 58B is well
adapted to the tandem switching of five transfornmers. Al |eads are near
ground potential and are | ow i npedance. No trouble was encountered with
coupling between switch sections and the switch shaft, even though about
10 inches long, caused no trouble with coupling between input and out put
transf or nmer.

The theory of designing an unequal Q transforner to be equivalent in
selectivity and coupling to the equal Q design shown in Table II1, was
devel oped by J. E. Maynard '. Applying his nmethods to the transformer in
guestion yields the foll owi ng design

TABLE V

Interstage Transformer T-2 Thru T-5

Fact or 2 kc 4 Kc 8 kc 16 kc
Qopri 125 125 125 125
Q sec 125 125 68 46. 7
K . 0048 . 008 . 0235 . 033
K/ Kc . 60 1.0 2.1 2.5

1
Ke = AQ Q)

1 J.E. Maynard, Tuned Transformers. G E. Review VOL 46, P. 559, Qct., 1943
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This transfornmer will have the sane characteristics as transforner
T-2 listed in Table Il11. It was found experinentally and by theory that
unequal Qin primary and secondary produces no asymmetry in the response
curves. The response is exactly the same in all respects as the equival ent
equal Qtransfornmer. Transforners can be checked on a Q neter or in an
anplifier circuit for conformance with Q and coupling, providing that the
values listed are used. K/K; listed in this table is the quantity com
monly called Nor C the ratio of actual coupling to critical coupling,
that is neasured by the followi ng relation:

N=KK = Q(E/E)-1)
where E, = primary RF volts with secondary open

Ei = primary RF volts with secondary tuned

It was found also that a transformer with unequal & will have a
hi gher stage gain than the equivalent selectivity equal -Qtransforner. In
the schematic of Figure 58B, the secondary output nust be taken across the
coil L, to yield a symmetrical selectivity curve. |If the output voltage
includes the Iink voltage, i.e., output across C2, then the selectivity
curve will be asynmetrical especially at high coupling. Considerable work was
done during the devel opnent on the unequal Q theory reviewed briefly in the
precedi ng paragraphs.

It was found experinmentally that there was not quite enough room
between the prinmary and base board to piece four |links covering the coupling
range involved. A solution was found in reversing the polarity of the 2 kc
link C This caused its coupling to oppose the main coil coupling and re-
sulted in the desired overall K factor. 1In fact, it was found possible to
obtain exactly zero coupling by nmoving |link C about 1/16 inch further from
primary than its present position. The range of coupling avail able then
by this method is practically unlinmted, depending on how many turns are
on the lIinks and whether they aid or oppose main coil coupling.

The particul ar coupling setup used was deci ded upon by experinent and
by trying different conbinations on paper. First of all, the links had to
be spaced far enough from each other so that adjustnent could be nade
wi thout interference. The coupling desired between the two nmain coils had
to be physically obtainable. Mich work was done with an experinenta
transformer in which everything was novable. The optimum nunber of turns
on the links turned out to be 1/10 of the main coil turns, i.e., 8 vs 83
turns.

The coupling between primary and secondary with no link in series
wor ked out to be .0040. This is the actual coefficient of coupling
M

K =Q(LiL2). The additional coupling provided by links A, B, C, and D, either
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ai ds or opposes this original coupling. The following table lists various
val ues of Ky shown in Figure 58A and the resultant overall coupling

TABLE VI
I nt erstage Transforner
2 kc 4 kc 8 kc 16 kc
Main coil coupling, Ki2 . 004 . 004 . 004 . 004
Li nk coupling Ky -.0088 +. 004 +. 0195 +. 029
Resul tant overal | -. 0048 . 008 . 0235 . 033

coupling K

Kiz = M2/ Q(LiLp)

K« = M/ O(Lily)

The last line agrees with the desired coupling shown in Table V. The

m nus sign has no significance in the final answer. It merely indicates
that Ky opposes Kj» in the 2 kc position. This table shove that |link D
(4kc) is the farthest fromprimary coil Li. The fact that couplings are
added and subtracted in this manner was shown experinmentally.

Each coil, A, B, C and Din Figure 58A has the sanme inductance.
One-hal f turn was renoved fromcoil A to keep its inductance the sane.
This was because it was under the iron half-shell, which tended to in-

crease the inductance. The primary timng core, which goes through al
four links, helps to keep their inductance constant regardl ess of position

QO her Coils in IF Amplifier

The input transformer, T-1, of Table IlIl and IV is the sane as the
i nterstage transformer in physical construction. However, the |ink
spaci ngs are varied sonewhat along with Q values. Refer to Collins
Speci fication No. 278 0102 00 for physical construction and schenmatic.
It has three positions of coupling, and hence only three links. The
following is design data for the input, transfornmer T-I

32



TABLE VI |

I nput Transfornmer T-1

Fact or 2 kc 4 kc 8 kc 16 kc
Q pri 125 125 125 125
Q sec 125 125 67 39
K . 0072 . 0072 . 006 . 012
K/ Kc .9 .9 .55 .8

Ki2 . 004 . 004 . 004 . 004
Ky +. 0032 +. 0032 -.010 -.016
K overal | . 0072 . 0072 . 006 . 012

Notice again that the link coupling in the 8 and 16 kc positions
opposes the main coil coupling Ki2. This is necessary because the 4 and
8 kc overall coupling are so close together. The 8 kc link is reversed
in polarity in order to separate it physically fromthe 4 kc link. There
is one peculiar effect resulting fromreversing the link polarity. 1If the
main coils are noved cl oser together, the effect is to increase the 4 kc
overall coupling as would be expected. However, the 8 and 16 kc overal
couplings are decreased by this operation. This can be understood by
| ooki ng at the values of Ki» and Ky in Table VII.

The output transforner is operated at one val ue of coupling and Q
Mechani cal construction is the sane as T-1 through T-5. The relatively
hi gh physical coupling, K = .0345, could be obtained in this design only
by a link placed as in T-2, link A the interstage transformer. Here the
main coil turns equal 125 and link turns are 15. This transformer oper-
ates into a series diode |oad of 22K ohns.

The AGC anplifier and crystal filter circuits both use a high im
pedance single-tuned circuit. Here the iron half-shells are nmounted open
ends together to conpletely enclose the coil. The crystal filter unit is
constructed with the crystal phasing control (5-12 uuf) and | oadi ng coi
nounted in the same shield can.

There is a 455 kc transformer nounted on the RF sub-assenbly unit
which feeds into the crystal filter. This transformer presented a speci al
design problem The bandwi dth had to be broad enough so that it did not
attenuate the 16 kc selectivity curve appreciably. This required a Q of
not nmore than 12 to 15 under operating conditions. The output coil was
to be a center-tapped untuned |Iink of about 1000 ohms i npedance. Any
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hi gher inpedance would | oad the crystal filter too nmuch, since this im
pedance is effectively in aeries with the crystal. A |ower inpedance
woul d result in not enough gain fromthe last mxer grid to the first IF
grid. The resulting design was a transformer with nore turns on the out-
put link than on the main coil. This is just the opposite froma con-
ventional transforner used in this application

4.2.4.5 Practical Considerations

Transforners

Fromthe start of the transformer design, it was realized that tuning
had to be done in one BWposition only, and that the selectivity curve had
to stay on frequency and remain symetrical when switching to any other
position, otherw se, the receiver would have to be retuned between BW po-
sitions, and the signal m ght be lost in going froma w de position to a
sharper one to elimnate interfering signals. This requirenment nmeant that
the tuning of the secondary of switched transforners had to stay right on
frequency.

A further requirenment was that each transforner could be tuned by
si mply peaking each iron core for maxi mum out put voltage w t hout the need
of special tools or elaborate techniques. T-1 is tuned in the 8 kc overal
position. This corresponds to its sharpest position. T-2 through T-5 are
tuned in the 2 kc overall position. The output coil, T-6, is sonewhat hard
to tune because of |ow Q and high coupling. However, it can be tuned after
several operations between primary and secondary cores. Tuni ng procedure
for the crystal filter and AGC coil are also quite sinple but require a
tunabl e signal generator for setting the phasing condenser

El ectrical tolerances are covered in detail on the respective trans-
fornmer specifications. The need for the relatively narrow tol erances of 5%
and £¥10%is based on several factors:

(a) Overall requirement for bandpass phase characteristic.
(b) Change in selectivity curve symetry with JW position.

(c) Filling in the overcoupled hunps to produce a flat selectivity
curve top.

(d) Original specification for bandw dth tol erance.

It has been determ ned both on paper and experinentally that if the
i ndi vidual transformer specifications are satisfied in each case, then the
overall IF characteristics will be within specifications. Each individua
specification has a short production testing procedure, which will insure
that the transformer will operate satisfactorily in the conplete unit.
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Electrically the inportant quantities are bandw dth and coupling. They
are particularly inmportant in the direction finding position (2 kc) and in
t he over-coupl ed positions. For this reason, BWand coupling should be
checked for production testing. Q and gain are not the inportant quantities
in this case, and can only be checked as a type test.

Mechani cal tol erances are entirely determ ned by the electrical speci-
fications. It was found that if link spacings to primary coil are held wth-
in 1/64 inch, the electrical requirenents could be nmet. Al so spacing between
main coils should be held to 1/32 inch and di stance between coil formto
.005 inch. Turn on links A, B, C, and D nust be held at least 1/4 turn.

Permeability of primary tuning core nust be held to 1%

Overall Circuit

Sonme trouble was encountered with the switches used to change band-
wi dth. After being used for several nmonths, or particularly after a hum -
dity run, the switches woul d show enough contact resistance to cause erratic
operation. Resistance on the order of one-tenth ohmwll be enough to change
the secondary Q5 to 10% Switches with double contacts (front and rear in
parallel) were finally used. Rotor is solid coil silver and clips are silver
alloy. No nore trouble was encountered with this type construction.

Wth six anplifier stages in tandem it was necessary to control the
gain fromset to set by using a variable potentioneter in one cathode
curcuit. This pot is adjusted to the correct overall gain at the tinme IF
stripis first tested. Another problemwas the change in gain between BW
positions. This is conpensated for by sw tching cathode resistors comon
to two stages. However, since each transformer can vary x15%in its gain,
t he gain between bandwi dth positions could vary 7 to 8 db or nore. This is
provi ded for by possible selection of individual gain control resistors, if
necessary, in final test of the IF strip.

There is a nominal 2700 ohmresistor in series with the 455 kc crystal.
This can be changed in test to adjust the bandwidth in the 100 cps position.
Thi s was necessary because of crystal activity (Q variation fromdifferent
manuf act ur er s.

Sunmary of Measurenents

The last three conplete IF units built up to Septenber 23, 1952, were
measured for performance according to a standard procedure. Data was re-
corded on uniformdata sheets for convenience in conparing units.

In the first unit, the 0.1, 2 and 16 kc bandw dths were slightly
wide. In the second, only the 2 kc BWwas slightly wide. 1In the |ast
unit, all positions were within specifications. Wndings were di nensi oned
according to a standard when given to the coil w nding departnent. Peak-
to-valley ratios were all well wthin specifications.
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BFO range was slightly off on one unit. This was corrected. Inter-
nmodul ation distortion was out of specifications on all units. The speci-
fication figures were based on the first IF strip built. Several changes
were made in tube operating conditions since that time which evidently
caused this characteristic to be slightly worse. Direction finding
characteristic was out of specification in all units. However, it was
decided that the 1/4 degree tol erance was not possible. Al units net

+l deg tol erance which the Signal Corp indicated m ght be acceptable.

BFO | eakage at 60 ohm I F output was out of specification if a change
in frequency of 3.5 kc was included. Neutralization could be nade at
one frequency, but did not hold very well over the range of frequencies
i nvol ved. This specification should be investigated, especially as to nethod
of measurement. Al other itens neasured were within specification on the
three units.

4.2.4.6 Service Conditions

| npregnati on Against Humidity

Protection of high Q high inpedance coils against humdity is
al ways a problem particularly in an IF transformer where coils consi st
of many turns built up into a large pi. 1In this case, coils had to
meet a 48-hour soak at 95%relative humidity at tenperatures from 20 deg
Cto 65 deg C Measurenents were to be made with coils actually in
hum dity chanber. No nunbers were witten into this specification, but
it was decided to try for the best possible and practical method for
protection.

The problemis to keep noisture out of the coil. |If it penetrates,
the Q of the coil drops as well as a change in tuning. This is due to
one or all of the follow ng factors:

1. Dielectric | osses of water.

2. Change in tuning because of change in dielectric constant of
wat er over air, or change in perneability of iron core.

3. Lowering of inpedance between strands of Litz wire and between
adj acent turns because of noisture penetration through varnish
on wire, or through contact at pinholes, etc.

4. Eddy current |osses in water.

The third itemwas denonstrated by separating the strands of 30 strand
Litz wire into two groups of 15 strands each. A DC resistance neasurenent
was rmade between these two sections for testing. At roomconditions the
resi stance was on the order of 100 nmegohns. | mediately upon dipping an
i nsul ated section of wire into water, the resistance would drop to a
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magni tude of 100 Kto 1 nmeg. It would then continue dropping slowy. .The
new nyl on-enanel wire (D psol, etc.) was very much worse in this test.

Even tefl on covered (Ceroc) wire was very poor. This |last was probably due
to cracks or pinholes in the insulation.

The foll owi ng comerci al preparations were investigated for possible
use as inpregnants. Those that were actually tried are indicated by an
asteri sk.

1. Cycleweld 55-9 cenent, Chrysler Corp.

2. EC870, polychl oroprene base conpound 3-M Co.

*3- 3-Mcasting resin R 1433.
*4. Durez 14139, phenolic thernosetting resin.
*5. Q322 wax, Zophar MIIs.
*6. C- 770 wax, Zophar MIIs.
*7. Plaskon ST-856, silicone al kyd resin, Libby-Onens-Ford d ass Co.
*8. MR3738, potting wax, Mtchell-Rand Insul ati on Co.
*9. MR3784, dip coating wax, Mtchell-Rand Insul ation Co.
10. Acne Star Compound, Acne Wre Co.
11. Penacolite Adhesives, Koppers Co., Inc.
12. NBS casting resins.
*13. DC935 silicone resin, Dow Corning Corp.
*14. Araldite Casting Resins B, D, F, G G ba Conpany.
*15. Araldite adhesives 11, 15, type 1,101, d ba Co.
16. DC996 silicone resin, Dow Corning.

The waxes and the casting resins both worked very well in protecting
agai nst noisture. Al the waxes were for high tenperature use. However,
since they are thernoplastic, they will always nelt or run at a high
tenperature. The highest tenperature wax tried was MR3738, which required
application at 160 - 180 deg C. Waxes all gave very good penetration.

Conpl ete details on how the coils were tested would be too lenthly to
i nclude here. The whol e subject of inpregnation would require a separate

report. O all the conmpounds tested, Araldite Resin F, now called CN 503,
had t he greatest nunber of desirable qualities.
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1. Thernosetting - will not nelt or run under any tenperature.
2. Temperature range outstanding (no cracking at -62 deg O
3. Sinple application by hot dipping.

4. Extrene fluidity - viscosity of water with a wetting agent when
appl i ed.

5. Excellent penetration w thout vacuum techni ques.
6. CQutstandi ng adhesion to netals and pl astics.

7- Guing and i npregnation in one operation

8. Very good resistance to water and noi sture.

9. Hardly any shrinkage with curing (0.5 to 2%.
10. 100% solids. No solvents.

11. Coil forminside can be di pped wi thout appreciable build up of
resin.

12. Iron cores can be inpregnated with mnimumincrease in dianeter.

Di sadvant ages:

1. Two conpounds to be m xed before using.

2. Long cure at high tenmperature (10 hours at 130 deg C or 48 hours
at 100 deg O)-

3- Pot life of resinis limted because of thernosetting properties
(6 hours at 120 deg Q).

4. Parts nust be hot dipped (above 60 deg C). This is an advant age
in some cases.

The last three IF unite had coils inpregnated with Araldite CN5CS.
Coils were tested under hum dity by operating themas a conplete IF anpli -
fier on a special test chassis, the same as is used in the conplete re-
ceiver. The follow ng table sumrarizes the results of testing. Gin
measurenents were nmade i medi ately upon renpvi ng chassis fromtest chanber.
Figures represent microvolt input level to all six stages in tandem for
st andard out put .
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I nput Hum dity I nput | nput After
I F Unit (Before Cycle) Cycl e (After Cycle) Ret ur ni ng

R390 #4 2 kc 95 6 days 250 210

16 kc 57 SC- D 1591 4 83 80

R389 #3 2 kc 55 48 hrs 400 150

16 kc 30 JAN- R-93 47 33

R389 #3 2 kc 55 65 hrs 150 140

16 kc 30 JAN- M 745 36 36

R390 #4 2 kc 22 4 days 150 65

16 kc 21 SC-D- 1591 4 41 35

R390 #4 2 kc 52 4 days 260 92

Primary cores 16 kc 44 JAN- R- 93 43 43
i mpr egnat ed

R390 #4, both 2 kc 52 4 days 78 70

primary & sec. 16 kc 41 JAN- R- 93 46 43
i mpr egnat ed

The armount of detuning of transformers was found nostly due to change
iniron core perneability (after cells were inpregnated). This was shown
by i nmpregnating half the iron cores in the unit. After humdity run, the
cores that were inpregnated needed very little adjustment for tuning. Cores
with nothing for protection, were consistently off tune by one or two db.
This is not much per stage, but with six stages, the effect is quite
noti ceabl e.

Vi brati on and Tenperature

Conplete IF unit performed satisfactorily under vibration testing.
The resin used for inpregnating provides an excellent supporting agent for
coils and powdered iron cups. It is flexible enough not to break under
shock and vibration if |leads are not too short between gluing points. At
| east two 6BJ6 tubes failed on the package tester machi ne and burned out
t he stage decoupling resistor. This should be checked if it happens again.

Tenperature tests were conducted on the last three IF units. Data
shoved that the center frequency in the 2 kc position shifted about 1.5 kc
from-40 to +60 deg C, with a reduction in gain of about 8 db. This is
maxi mum change of the transformers in the sharpest position. The 1 kc
shift in peak frequency was about 0.75 kc over the sane range with a re-
duction in gain of the sane magnitude. The 0.1 kc position peak shifted
about 150 cps over -40 to +60 deg C. Gain again changed about 6 db. This
was with no tenperature conpensation in IF transformers.
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Producti on specifications on each transformer call for |ess frequency
shift than transforners nade so far have shown. This would require
tenper at ure conpensati ng condensers and should result in the overall fre-
guency shift being about half the shift shown above.

Producti on Testi ng

Testi ng Each Transforner

The specification for each transfornmer calls for production testing by
checki ng the bandw dth at one attenuation point and coupling. The nost
accurate way to check these quantities is with the conventional signal gener-
ator, frequency neter, and output neter nethod. However, this nmethod does
not lend itself well to high speed production testing.

Anot her nethod which is not generally as reliable, makes use of a
cal i brated sweep generator and CRO for observing the selectivity curve.
It is hard to nmeasure actual bandw dths this way, and next to inpossible
to neasure coupling of an undercoupled transformer. However, as soon as
the transformer devel ops doubl e hunps by overcoupling, the neasurenent be-
cones feasible. The peak-to-valley ratio is a very accurate nethod of
measuring relative coupling. The distance between hunps, which is usually
quite distinct, gives the bandwi dth required. These two quantities, peak-
to-valley ratio and bandw dt h between peaks, describe the transforner very
accurately, and can be the basis for close control

The catch here is that a transformer that is undercoupl ed cannot be
checked accurately. It can be shown, and is discussed by Terman' that the
vol t age versus frequency curve across the primary side of a double tuned
transformer exhibits double hunps before the secondary side. |In fact, the
transiti on between one hunp and two hunps occurs at a relative coupling of
about 0-55 times critical. |If a cathode follower is fed with the primry
vol tage and the output of the follower rectified and fed to a CRO the
resulting selectivity curve will exhibit just such action

This setup was tried experinentally with success. The interstage
transformer with 0.6 tinmes critical in the 2 kc position showed doubl e
hunps on the primary aide. To establish what the peak-to-valley ratio
and bandw dt h between peaks should be on the primary side, it is necessary
to neasure the transformer conventionally for conpliance with specifi-
cation, then nmeasure the primary selectivity curve.

The following setup was tried for a possible production test setup
A sweep generator was fed to two transformer test circuits in parallel
One transforner was the standard and the other under test. The outputs

! Terman, F.E. Radio Engi neering, 3rd Edition, P. 58.
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were rectified for DC and fed to an electronic switch. The output of

the switch was observed on a scope. In this manner the calibration is de-
pendent only on the standard transformer and relative channel gain. It is

i ndependent of sweep width, frequency or slight non-linearities that can
occur in such a system The gains are adjusted to be the sanme through each
channel and the two curves conpared directly as to peak-to-valley ratio

and bandw dt h between peaks. |If necessary, output is taken fromthe prinmary
side of the transformer to obtain double hunps. Wth this method, changes

on the order of #5%in BWand coupling can be observed easily. However, a

means for establishing maxi mumand mnimumlimts still is a problem One
solution is to nodul ate the standard curve at about 50 kc. This effectively
widens it vertically and can serve as a sort of tolerance imt. It is

felt that this method is a solution to the problem of production testing
| F transforners.

Testing Conplete Unit

Production testing of the conplete IF anplifier has not been deci ded
upon. Conplete engineering tests for each unit have been set up and a data
sheet made. These include service conditions tests. The last three IF
units have had conplete data taken

4.2.5 R-389 RF

During the planning stage of this contract, the general physical |ayout
of both the R-389 and R-390 had been determined. This resulted in a
definite limt as to the size and shape of the RF sections and since the
R-390 portion was about two nonths ahead of the R-389 in devel opnent it
meant that little or no conpromise in size could be nade. Later in the
programit appeared to be sonewhat of a handicap to nake the two receivers
so simlar in layout, but at this point the R 389 RF had to be designed
into the prescribed space.

The primary determ ning design factor was the specified 455 kc IF
anplifier. This forced several inmediate concl usions -

1. The circuit nust be a multiple superheterodyne.
2. The RF tuning range woul d pass through the IF frequency.

The very accurate tuning and stability requirenments inposed many
restrictions on the electrical and nmechani cal design. The major nechanica
problenms in this category were providing a frequency indicator of sufficient
accuracy, and coupling the frequency indicator with a sufficiently smal
anmount of backl ash to the variable frequency oscillator

El ectrical stability was determned by the oscillators to be used.
The VFO was required to provide linearity as well as stability, and any
other oscillators used in conversion would be required to neet stability
speci fications.
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The need for tuning through the IF frequency (455 kc) had determ ned
t he necessity of a double superheterodyne. |In addition adequate shiel ding
woul d be necessary. Reduction of spurious and i mage would also require a
first IF frequency several tines greater than the hi ghest signal frequency.

4.2.5.1 The Signal Path

The initial considerations had pointed to the need for a doubl e super-
het erodyne. The signal path would then be as shown in Figure 61A

In nost receiver designs, RF selectivity would be designed for naxi-
mum  However, due to the | ow frequencies involved, and the relatively
wi de pass bands required, it was necessary to design the R 389 RF cir-
cuits a pass band rather than for maxi numselectivity (i.e. 8 kc pass band
at 115 kc.).

To further control the spurious response, it was desired to limt the
maxi mum RF voltage on the first mxer grid under strong signal conditions.
Two RF anplifier tubes with AGC were used for this purpose. One tube would
have been sufficient to provide the desired signal-to-noise ratio.

The nunber of RF coils used was set at 4. This would provide an
antenna coil, first RF plate, and a coupled circuit for the second RF plate.
The doubl e tuned circuit was placed in the plate circuit of the second RF
anplifier to reduce the anplitude of harnonics generated in the tube and
subsequently coupled to the first mxer. This was a spurious response
consi derati on.

The npbst obvi ous spurious response is produced by the signal fre-
guency harmonics falling on the first IF frequency. Past experience had
shown that these responses should not be |ower than 6th or 7th order if
adequate attenuation is to be obtained. The highest signal frequency is
1500 kc and 7 x 1500 = 10,500. Thus, if a 10,000 kc IF were used the
| owest order harnoni c spurious would occur at 1428.6 kc and woul d be the
7th order. Accordingly, the first IF was selected at 10 nc. This se-
| ected frequency schenme also linmted cross over spurious to the 7th
order.

The injection frequencies were now determned. Injection to the |ast
m xer woul d be either 9545 kc or 10,455 kc. The first mxer injection
woul d be 9985 kc for a 15 kc signal and 8500 kc RF signal

The I njection Path

The primary problemin supplying the injection voltages lay in the
stability requirenment. The situation is aggrevated by the fact that both
injections are several tines higher in frequency than the signal

The first injection frequency range is 8500 kc to 9985 kc. A variable
frequency oscillator operating directly on this frequency would fail to
provide either the desired calibration accuracy or stability. The second
injection frequency stability would al so be margi nal even with the best
crystal and ovens avail abl e.
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It was decided that the stability problemcould best be sol ved by
providing a ring circuit in which the drift of the second injection would
be conpletely canceled. This would al so enabl e the variable frequency
oscillator to operate at a frequency nearer to the signal frequency. Such
a schene placed the second injection frequency at 10, 455 kc.

Early in the devel opnent it had been considered desirable to provide
a dial systempresenting 100 kc segnents up to 500 kc and then cover the
br oadcast band in one sweep. This schene would permt the use of a slide-
rule type dial presentation. Wthout further comment the conversion system
proposed was as shown in Figure 61B

This system provides an injection range at the first m xer of 10,000
to 8400 kc which gives an RF input range of 0 kc to 1600 kc.

A breadboard nodel of this systemwas constructed. Spurious responses
due to the low frequency crystal fundanental and harnonics was of a great
enough magni tude so that considerable inprovement was in order. Due to
the pressure of tinme the systemwas reconsidered. Spurious responses were
further exam ned (Reference Data for Radi o Engi neers, 3rd edition, pages
455 - 458) and the conversion systemnodified to be as shown in Figure 62A

This systemwas tried on the breadboard and by substituting a signa
generator for the VFO tests were nmade. The results were very encouragi ng.

A request for a six-band oscillator was presented to the oscillator
departnment. It was their opinion that while the oscillator could probably
be built, the predeterm ned space allotnment and the Iimted tine avail able
woul d prohibit the project.

The good features of the frequency schenme proposed for use with the
si x-band oscillator indicated that the basic systemshould be retained if
at all possible. This could be done if the decade dial systemwere
dropped and a conti nuous system used whereby the oscillator would tune a
range giving an RF input of 15 kc to 500 kc in one sweep. This could be
acconplished if the oscillator tuned from470 kc to 955 kc. It would
then be possible to tune the broadcast range by using the second harnonic
of the oscillator and extending the high range to 977-5 kc. To provide
overl ap and have a tuning range of 14 kc to 1505 kc the oscillator should
tune from 469 kc to 980 kc. The conversion schene is as shown in Figure
61B.

The 469 kc to 980 kc oscillator was devel oped under nonencl ature
70H1. This oscillator had solved the frequency schenme problem however,
addi ti onal design considerations were presented as a result. Tuning
the front end in two continuous sweeps - 15 kc - 500 kc and 500 kc -
1500 kc - presented several problens.
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4.2.5.2 Practical Design Considerations

The Signal Path

The decision to cover the frequency range in two sub-ranges pointed
out the utility of a counter as a frequency indicating device. A counter
is linear in presentation and so the variable frequency oscillator and
drive shaft to the RF section nust have |inear responses with respect to
frequency. Investigation led to the design of RF coils that would have a
resonant frequency varying linearly with core insertion

Wthout going into design details it may be said that the shortest
possi bl e core travel that could be used to give approximately at 2 to 1
frequency coverage was 1-1/4 inches. A 1-3/4 inch core was used. Coils
were designed 1-1/2 inches long. At higher frequencies a |l esser travel
could be used due to the snaller effective dianeter of solenoid coils.

It was shown at the start of the devel opnent that one serious short
com ng of conventional |ow frequency receivers lay in ringing during
transient surge reception. It was felt this could be mnimzed if the Q
and i npedance of the RF coils were held to the m ni num usabl e val ues.
Conput ations considering the following led to the selection of val ues:

1. Mninum antenna gai n necessary to obtain sensitivity.

2. Q versus bandwi dth consi deration

3. Stage gain.

4. X limtations as determ ned by physical coil size.

The QX was set at approximately 5000 ohnms and the Q factor from
4.5 to 30. The lowest Q occurs at 115 kc and the hi ghest at
1505 kec.

I n designing individual coils three necessary factors were kept in
m nd:

1. Linear frequency versus core insertion
2. Linear frequency versus Qrelation
3. | npedance.

The reason for the |inear tuning has been nentioned before. The linear
frequency versus Qrelation gives a constant gain over each band. The im

pedance val ue as determ ned by the 5000 ohm QX set the inductance. It is
interesting to note that the | owest frequency coil is resonated with a .02
m crof arad capacitor. The highest broadcast coil is tuned with 620 m cro-

m cr of ar ads.
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Each of the RF coils is wound with pie windings in series, each of a
nunber of turns as determned by the desired linear curve. The | owest
frequency band coil contains 10 pies, all other coils have 12. Various

sizes of Litz and solid wire are used as determned by Q Each coil is
trimmed by a variable inductance trimer. 1t was decided to provide a
trimm ng range of *4% and the val ues of capacity required to do this

woul d be prohibitive. In addition, a perneability tuned coil is nore
effectively trinmred by a series inductance trinmer than by a shunt capacity
trimrer . However, sone |oss of incremental perneability is incurred

The conpl ete frequency range was divided into seven bands as foll ows:

14 - 28 kc 250 - 505 kc
26 - 56 kc 495 - 870 kc
54 - 120 kc 865 - 1505 kc
115 - 245 kc

As it had been decided to use four RF coils per band, the total nunber
of RF coils added up to 28. The room avail abl e prohi bited adequate spacing
between the coil and shield can. This plus the need for all the available
tuning range dictated the use of powdered iron sleeves as nagnetic shields.
These sl eeves then pernmitted the electrostatic shield can to be pl aced
directly next to the sleeve w thout serious effect on the coils.

The devel opnent of powdered iron cores for this frequency range
represents a project in itself. It was not difficult to obtain cores pos-
sessing sufficient perneability and | oss characteristics above 100 kc,
but the I ower frequencies presented what | ooked |ike an insurnountable
problem The iron core conpani es approached on the problem had given up
on the lower frequencies. Powdered iron did not exist with | osses high
enough to lower Q as the core was inserted into the coil

Experinments at Collins net with various degrees of success. A build-
up of transformer iron | am nations possessed sufficient perneability but
the I osses were too great. The Q factor would all but di sappear at about
1/4 full insertion. A conposite core was nade by gluing transfornmer |am -
nati ons of various lengths to pieces of powdered iron cores. It was found
that by selecting the I engths of powdered iron and | am nations that a w de
variety of Qeffects could be obtained. By using various |am nation
materials - Audio "A", oriented silicon, etc. - the effect was further con-
trolled. Unfortunately time was not avail able to devel op neans of pro-
ducing a core of this type in quantity.

Abandoni ng the conposite iron core, the | owest frequency cores
avai | abl e (100 kc) were nodi fied by wappi ng copper bands around them at
various intervals. By varying the position of the bands, the nunber used,
and their width, it was possible to control the Q Here again the pro-
duction possibilities appeared negative. A solution was secured by coating
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the cores with bands of a silver conductive coating. Dupont 4817 was used,
and a typical coil and core can be seen in Figure 15. This does not pro-
duce an absolute linear curve, but is sufficiently close for this appli-
cation. This core can be produced in quantity.

A renote control pentode was selected for the RF anplifiers. The
reasonably quiet 12BA6 was used in the first devel opnent set and changed to
the nearly equivalent 6BJ6 as a result of heat considerations. The bal anced
antenna i nput was specified as 125 ohns. Previ ous nmention has been made of
the QX being partially determ ned by sensitivity requirenents, The antenna
gain is approximately 5. A calculation was nade for each end of each band
and for each unbal anced ant enna i npedance conbi nation. This showed t hat
only at the highest frequencies, with the highest antenna inpedances, and
hi ghest capacitive antennas coul d over coupling occur if the antenna was
connected directly to the top of the coil. Hi ghest gain resulted from
this connection, being as high as 224 at 28 kc but showing a net of 2.53
due to msmatch. At 1500 kc with an antenna of 1000 mi cro-m crofarads and
0.1 ohmthe net gain is 64.3. This antenna would be very rare. Had over-
coupling been possible in many cases, it woul d have been necessary to use
a different series matching capacitor on each band.

In order that the antenna i npedance renai n constant over each band,
it was necessary to provide a link of unusual construction. On the two
| owest bands the link winding is wound directly on top of the main w nding
and is a pie type coil. The inpedance is held constant by providing nore
than one pie at strategic |ocations and of an appropriate nunber of turns.
The design of such a device is done by experinental methods only. The
hi gher band |inks are sol enoi ds wound on bakelite fornms which in turn slip
over the main coil winding. Here again the placenent of turns is varied
to hold the inpedance constant. Electrostatic shielding is obtained by
coating the inside of the link formwith a silver conductive paint and
grounding the shield thus formed. There is of course an open strip in this
coati ng.

The specified bal ance ratio of 500 to 1 was secured by connecting
a fixed capacitor fromone end of the antenna link to ground. This
capacitor is not needed on all bands.

The tracking of the RF coils is a function of both electrical and
mechani cal tol erances. The design was such that the overall tracking
error should be held to less than 1.5 db. This is at roomtenperature and
normal climatic conditions. It is felt that in production variable pitch
progressive universal windings will inprove this error or at |east nmake
it easier to maintain.

The two coils in the plate circuit of the second RF anplifier were
top coupled by capacity. |In order that the gain of the coupled system
vary as little as possible over the band, the coupling was set at 0.66 at
the I ow frequency end. This gave a coupling factor of 2.0 at the high
frequency end and the gain variation was 1.0 db. The over-coupl ed con-
dition of these coils was found to adversely affect the direction finding
bandpass phase shift characteristics.
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During the tests made at Col es Laboratory on the first receiver, it
was found that the cross-nodul ati on characteristics of the receiver could
stand i nmprovenment. The effect was particularly bad when using an un-
bal anced ant enna whi ch essentially swanped the antenna coil. As a result
it was decided to place two coils in front of the first RF grid. This
elimnated the coupled circuit in the plate circuit of the second RF
anplifier; and, of course, opened up the possibility for nore harnonic
distortion fromthis tube reaching the first mxer grid.

It was found that if the two coils were placed in the first RF grid
circuit and top coupled by capacity, the antenna input inpedance fl uctuated
wildly. A very small tracking error in either coil would throw a | arge
reactive component into the antenna circuit. Final consideration re-
pl aced the capacity top coupling with resistive top coupling. Wth such
a circuit over-coupling is inpossible. Unfortunately there is a voltage
| oss and sensitivity suffered accordingly. The 10 db, 30% nodul at ed,
signal -to-noise ratio dropped from3 mcrovolts to 6 mcrovolts at an 8 kc
bandwi dth. Tests nade with the Signal Corps showed the inprovenent in
cross-nodul ation worth the loss in sensitivity.

It was necessary to devise sone systemfor switching the RF coils.
In the |l ow frequency range - 15 kc to 500 kc - five RF bands are used. In
the high frequency range - 500 kc to 1500 kc - two RF bands are used. Just
how to switch these bands at the right tine presented a major problem A
mechani cal systemto do this would be a nonstrocity since variable overlap
woul d have to be provided. An electronmechanical device was finally in-
corporated to performthis function. Reference to the mechanical drive
shown in Figure 71 will provide full information. Briefly, the operation
is as foll ows:

1. Rotary information fromthe oscillator shaft is supplied to an
el ectrical comutator coupled thereto. On this comutator the
gaps represent overlap and the segnents RF bands. Two commutators
are used; one for each range.

2. The commutator is connected to a selector switch section in the
bandswi tch assenbly. This switch controls a notor which rotates
t he bandswi tch when energi zed.

3. The notor stops when the proper band is switched into the circuit.

4. The operator selects one of two ranges - 15 kc to 500 kc or
500 kc to 1500 kc - the appropriate conmutator being swtched
into the circuit for each range

The second RF anplifier plate coil is simlar to the antenna coi
inits link construction. A different turns and winding data is used and
there is no static shield.
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A triode first mxer was chosen because of the superior noise

resi stance characteristics. This deternmi ned the necessary gain of the

RF amplifier stages. An approximate gain of 5 fromthe first RF grid to
the m xer grid was needed. Since the 6BJ6 and a 5000 plate | oad can pro-
duce a gain of about 20, the output was resistance divided before being
coupled to the second grid. The net gain - grid to grid - was then 3-5.:
The gain of the second RF stage grid to the mxer grid was centered at 1.5.
The first RF gain was made hi gher than the second for noise considerations.

The second m xer is a pentagrid (6BE6) which has a high noise re-
sistance. There is no |IF stage between the two nmixers; only a coupled
circuit. This transfornmer is approximately 100 kc broad at the nose with
0.6 coupling, giving a stage gain for the first mxer of approximtely 2.

The second m xer plate load is tuned and has an untuned bal anced
secondary. This secondary drives the crystal filter input circuit of the
455 kc IF strip. Coax cables are used to couple the two units.

Tenperature runs were nade on all of the coils in the signal path.
The drift was | ow enough to not warrant tenperature conpensation

Incorporated in the RF unit is a "Test Gscillator”. It is possible
with this oscillator to align the RF coils without the aid of a signal
generator. The oscillator is a transitron providing two term nal oper-
ation. Thus it is possible to connect an RF coil to the oscillator wth-
out the need of a feedback wi nding. By using the BFO and the tuning dial
the RF coils can be resonated at prescribed frequencies for alignnment.

It was decided to use this oscillator for two reasons:

1. Signal generators are notoriously inaccurately calibrated in the very
| ow frequency ranges. The manufacturers generally strive to pro-
vi de accuracy in the nore wi dely used ranges.

2. The very low Q coils used in the R 389 make accurate alignnent
tedious if not inpossible. A small error in each coil may
seriously inpair the band pass of the front end.

Unfortunately this oscillator does not oscillate at the exact fre-
guency of anti-resonance. This error is small, however, and consistent;
and it is felt that the service advantages provided by the oscillator
out wei gh this di sadvant age.

The I njection Path

As stated before the frequency accuracy and stability of the 10,455
kc crystal oscillator is uninportant because of the ring canceling action
A conpl ete bl ock diagramof the injection path is shown in Figure 2. It

48



will be noted that the oscillator feeds injection to the second m xer and
push-pull injection to the injection mxers. This is acconplished by neans
of a transformer, the secondary being bal anced. The injection mxers are
bal anced in such a manner as to cancel the 10,455 kc input. This is neces-
sary due to the possibility of a spurious response at 455 kc if the 10, 455
kc is permitted to reach the first mxer. The injection mxers are fed

bal anced i nput at the VFO fundanental or second harnonic froma phase in-
verter. The phase inverter is driven by the VFO buffer froma tuned plate

| oad which is tuned either to the fundanental or second harnonic.

The injection mixer plate load is tuned and the two frequency ranges
are covered by two coils. This plate load is coupled to a cathode foll ower
anplifier called the input coupler. This input coupler drives an "nf
derived, low pass filter at its characteristic inpedance. The filter is
designed to have maxi mum attenuation at 10,455 kc (50 db) and cutoff fre-
guency is 10,000 kc. This is to further reduce the | evel of 10,455 kc
reaching the first mxer, but nmust pass the injection range of 8495 kc to
9985 kc.

The filter output is coupled to a grounded grid anplifier called the
out put coupler. The output coupler plate circuit is tuned to the in-
jection frequency as is the plate circuit of the injection mxers.

The out put coupler plate circuit is coupled to a cathode foll ower
called the m xer driver. The mxer driver has an untuned transformer in
the cathode circuit and is used to drive the cathodes of the first m xer

The first mixer is balanced. The balance circuit is such that the
injection is canceled in the plate circuit. This is necessary to preserve
the signal-to-noise ratio bel ow 100 kc and is adjustable by neans of a
cat hode bal ance potentioneter in the first mxer. As the input frequency
| owers bel ow 100 kc, the injection frequency approaches the 10 nt first
| F frequency; the result of which is transm ssion of noise fromthe in-
jection path into the signal path. Cancellation of the injection voltage
mnimzes this effect.

The 28-Volt power Supply

A dry disc rectifier, power transformer, and capacity filter conprise
the 28-volt power supply. This supply furni shes power to the band-
switching notor. The conmmutator circuit causes a tube to conduct which
in turn energizes the relay controlling the power supply.

4.2.5.3 Mechani cal Considerations

A conplete report of the mechanical design is beyond the scope or
intent of this report. However, several nmajor points will be discussed.
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The Oscillator Stop

Since the receiver was designed to cover its entire spectrumin two
sweeps, it was necessary to provide considerable vernier action within the
oscillator proper. Approximately 50 turns of the oscillator are required
to cover its range. The usual tab washer stop would be too long for this
many turns. A unique gear and pawl systemis used to provide a secure stop
Further gear reduction of the oscillator gives a total of 208 turns required
at the tuning knob to cover the range. This requires a stop of relatively
hi gh strength since the stop is located on the oscillator shaft. This
stop is shown in Figure 45.

The Signal Corps was of the opinion that 208 turns required at the
tuni ng knob was excessive for search operation or quick frequency change.
Accordingly, we incorporated a notor tuning systemto assist the operator
This is a clutch operated reversible systemand will tune a conplete range
in less than one minute. This can be seen in Figure 13.

A camdriven slug rack systemproviding a travel of 1-1/4 inches would
requi re excessive space. Reversible |lead screws simlar to those used in
fishing reels, were used in place of cans. These proved to provide satis-
factory linearity w thout special tooling for their manufacture. The |ead
screws are gear driven froma line shaft system This technique has the
advant age of operation in parallel rather than series and so does not
build up | arge amounts of backl ash.

Construction techni ques were governed by the environnmental require-
ments of the specification. Vibration and shake tests caused additiona
strengthening to be added in | ater nodels.

4.2.6 R390 RF Grcuits

The approxi mate size and shape O the R-390 RF unit had been determ ned
by the early planning of the main frame and sub-units. The general fre-
guency schenme had al so been selected and the work of detail designing could
be started on such things as the coils, crystal oscillators, and m xers.
This work, along with the mechanical drives in these units, was the nost
conplicated and took the |ongest tine of anything in the project. The
final RF unit is shown in Figures 35, 36 and 36A

4.2.6.1 GCeneral Design

The RF unit was designed to provide frequency coverage from.5 - 32
nc with good sensitivity, a m ni mum nunber of bad spurious responses, and
high rejection to image and IF frequencies. The circuit is a triple super-
het erodyne bel ow 8 nt, and doubl e super het erodyne above 8 nc. This type
of circuit was chosen for two basic reasons. 1In order to provide good
stability and dial accuracy, the variable frequency oscillator nust be a
preci sion device, operating at a fairly low frequency and with a limted
range (1 nt). Use of such a VFO requires the use of an extra conversion
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stage to convert incomng signals to a frequency range which can be used
in conjunction with the VFO to produce a 455 kc IF. In order to reduce
i mage response to a satisfactory |level at the highest ranges of the re-
ceiver this variable IF frequency should be between 2 and 3 nc. Using
this type of dual conversion, sone bad 3rd order spurious responses wll
be encountered between 4 and 6 nt, and 1st order spurious responses be-
tween 2 and 3 nt. This makes it necessary to go to triple conversion
below 7 nc in order to avoid these bad spurious responses. By neans of
triple conversion it is possible to reduce all spurious responses to 5th
order or higher.

Space limtations on the size of the RF chassis made it necessary to
[imt the nunber of RF coil ranges to six. Because of the multitude of
tuned circuits, slug tuning is the nost practical way of varying the fre-
guency, since as many as 10 variable tuned circuits are in use at the
same time. Figure 2 is a block diagramillustrating the operation of the
RF unit.

4.2.6.2 Coil Design
Appl i cabl e Speci fication

Speci fications applying nost directly to coil design are:
a. RF circuit bandw dth

b. IF and image rejection ratio

c. Service test effects on sensitivity

d. Sensitivity

e. Antenna input circuit

Desi gn Consi derati on

It has al ready been nentioned that six RF coil ranges is the maxi mum
nunber that could be accommpdated on the RF chassis. As it turned out
this is also the m ni mum nunber that could do the job. Using high grade
iron cores, which are little affected by climatic changes, it is difficult
to get nore then 2-1 frequency coverage in any coil, particularly when the
slug travel is also limted, as it is in the R 390 receiver. Figures 39
and 40 show constructional details of the RF coils.

Sl ug Tuni ng

Slug tuning has a nunber of theoretical advantages over capacitive
tuni ng anmong whi ch are these. By proper choice of iron, the bandw dth of
any coil may be made nearly constant throughout its range. This condition

al so produces a constant inmpedance coil. For a frequency coverage of 2 to 1,
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the core should be so chosen as to reduce the Q 2 to 1 as the slug varies
fromits position at the highest frequency to its position at the | owest
frequency. Then BW=f1/Q represents the bandwidth at f;, the low fre-

guency end of the coil. The bandwidth at f,, the high frequency end, is
fo 2f4

BW = 3%%% = %%%% = BW
Q 2Q

If Qvaried exactly as the inverse of f, the bandw dth woul d be con-
stant throughout each coil range. This condition is only approximted in
practice since the Qdrops relatively too fast with frequency at first.

If Qvaried exactly as the inverse of f, coil inpedance would al so be
constant throughout the frequency range since Z; = @QX; where the subscript
i ndicates the |l ow frequency end of the coil range. Then Z; = @ Xy but
Q@ = 2Q and X, = X/ 2

2Q X1
SO: Zy = ¥ = Z1
2

Again, since this condition is only approximated, the gain of the re-
ceiver is not absolutely constant throughout each coil range, but in
general , varies between 1-1/2 and 2-1/2 to 1, depending on the coil range
in use.

Nunber of RF Coils

The nunber of RF coils to be used in any one band was set at four
including the antenna coil. It was thought that this would provi de ade-
gquate protection against IF and inage frequencies. As it turned out it
was i npossible to get the required Qin the 16-32 band and consequently
t he i mage response occasionally drops bel ow 80 db around 24 nt, where the
bandwi dth is the w dest.

Type of Wnding

Oiginally the coils were wound at a constant pitch, and the cans
driving the slug rack were cut to give a constant frequency change wth
respect to angular rotation. One receiver was built using this principle,
but the schene was abondoned because in order to work right the nechani -
cal position of the camhad to be perfect. If it were off ever so slightly
the coil would not track. Electrical alignnment of the coil is also very
difficut with this schenme, and no sinple alignnent procedure could be found.
Li near wound coils may have been practical if |ess coverage were required
or nore slug travel avail able.
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Al'l receivers since the first nodel use variable pitch coils in con-
junction with linear rise cane. Because the camhas |linear rise anywhere
on its usable portion, exact campositioning is not critical. Variable
pitch coils also allow a sinple alignment procedure. Coil inductance is
adj usted near the | ow frequency end of the coil range, while coil capaci-
tance is adjusted near the high end of the range.

Upto 4 nc it is necessary to use a nultilayer coil to obtain the
requi red i nductance. These coils were originally designed using nine
pi's equally spaced with different nunber of turns in each pi. This type
of wi nding has two di sadvantages. Because the coil consists of |unped
sections, the tracking cannot be made absolutely linear, but instead the
tracking curve is a wavy line varying plus or mnus about the desired
straight Iine. The second disadvantage lies in the difficulty of nass
producing this type of winding. Each pi mnust be wound separately and
spaci ng between pi's nust be critically maintained.

Variabl e pitch progressive universal w nding overcomnmes both of
these difficulties. Because the coil is continuous instead of being a
sum of di screet sections, tracking is inproved, and the coil can be en-
tirely machi ne wound. All future multilayer coils should be designed
usi ng VPPU w ndi ngs.

Coil Q

Coil Qwas largely determned by the requirement of RF circuit
bandwi dth. Through the broadcast band where strong signals abound, this
consi derati on was made secondary to cross-nodul ati on protection, The RF
bandwi dth at 550 kc is 9 kc to the 3 db points and at 1.100 nt it is 10
kc to the 1 db points.

Above the broadcast band, RF selectivity adds only a fraction of a
db attenuation within the I F passband, assuming the coils are tuned up

properly.

In an attenpt to raise the Q of the 16-32 band coil as high as
possi ble, the RF coils were tapped, reducing the tube | oading on the
coil. Tapping also has other beneficial effects such as reducing stray
i nduct ance and capacitance whi ch reduces the tuning range of the coil
In addition, lowering the |oad i npedance in the RF tube plate circuit
serves to inprove stability which becones nore of a problem at high
frequenci es.

In general, the Qat the high end of the coil range is largely
a function of wire size and design of the variable pitch winding. These
have been optim zed in the 16-32 nt band to provide the highest possible
Q At the low frequency end of the coil range the Qis primarily de-
term ned by the characteristics of the iron core. Mich tine was spent
trying to find the best slug for a given frequency range. The three
i nportant factors in the choice of core material were Q perneability



and stability under climatic variations. Finally the core materials were
reduced to 3 types manufactured by Stockpol e Carbon Co.; nanely, S-100A,
S-62, and S-51. The S-100A is used in the 8-16 and 16-32 nt RF coils and
inthe 9-18 nt VIF. S-62 iron is used in the 3-2 VIF and 4-8 nt RF coils.
S-51 ironis used inthe .5-1, 1-2 and 2-4 nt RF coils.

Below is a table showing coil Qs at the high and | ow ends of each
coil range

TABLE VI I |
RF Coil s VIF Coils
f Q f Q f Q
.5 33 4 44 2 75
1.0 54 8 74 3 75
1.0 28 8 53 9 53
2.0 54 10 98 18 98
2.0 25 16 47
4.0 54 32 108

Q tolerance can be about +10% Effective operating @ in the set are
somewhat | ower especially at the higher frequencies. The coil Q of the 9-18
nc I|F coincides with the 8-16 nt RF coils, since they are identical. The Q
of the 3-2 nt variable |I-F was chosen to give high attenuation to the second
crystal oscillator frequency whil e naintaining adequate bandw dt hs.

Coi | | npedance

A nom nal val ue of 20,000 ohnms was chosen as a design figure for the
RF coils. This gives reasonabl e values of inductance and capacitance through-
out the whole frequency range of the receiver.

Tracki ng Tol erance

El ectrical requirenents on the RF coils necessitates a tracking toler-

ance within .4 db per coil. Additional nechanical tolerances raise this to a
total of 1 db per coil. The coupled variable |I-F stages broaden the tuning
of these stages so that only a 1 db tolerance is necessary for the sum of

all 3 VIF coils. Assumng any mistracking in the antenna coil is tuned out

by the antenna trinmer, the total mstracking allowance is 3 db for the RF
coils plus 1 db each for both of the variable IFs, or 5 db nmaxi mum

L.2.6.3 Antenna Input Circuit

Taking up first the consideration of sensitivity it is evident that the
hi gher the antenna coil gain, the higher will be the receiver sensitivity.
If sensitivity were the only consideration, it would be desirable to nmake
the antenna coil gain as high as possible. Qher problens such as receiver
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overload at high input |evels and cross-nodul ati on nake it necessary to
conprom se. Then, also, at the high frequency range (16-32 nt) the im
pedance of the antenna coil is limted both by the inevitable stray capaci-
tances and the RF | osses of switches, tube sockets and input inpedance of
the first RF tube. Because of these stray |osses and stray capacitances,

t he i npedance across the antenna coil is on the order of 10,000 ohns above
16 nt and approxi mately 20,000 ohns bel ow this frequency. Wth an input

i npedance of 125 ohns, this represents a coil gain of 4.5 and 6.3
respectively. Because of msmatching, these figures are sel dom attai ned.

Antenna Coil Prinmary

In order to provide electrostatic shielding between prinmary and
secondary, the primary is wound inside split brass rings nmounted coaxially
with the coil. Figure 39 shows the construction of the antenna coil.

It was found by experiment that if all the turns were placed in a single

ring, no position of the ring could be found whi ch gave anywhere near con-
stant inmpedance over the tuning range. Splitting up the winding into two
rings suitably spaced provided a reasonabl e conprom se between sinplicity
of construction and constancy of antenna input inpedance. However, instead

of 125 ohm x15%t he i npedance actually varies from50 - 300 ohns. The

wi dest variation occurs within the 16 - 32 nt band antenna coil. There are
only three primary turns on this coil and positioning of the rings is quite
critical. Despite the use of electrostatic shielding between primry and

secondary, careful shielding underneath the RF chassis between prinmary and
secondary coil termnals along with an antenna bal ancing trimer, it has

not been possible to obtain the 54 db bal ance to unbal ance ratio required.
The foll owi ng tabl e shows approxi mate bal ance to unbal anced rati os obt ai ned:

~ Band Bal ance Rati o
.5 -1 45 db

1- 4 40 db

4 - 8 35 db

8 - 16 30 db

16 - 32 25 db

Unbal anced Ant enna | nput

According to the specification, the unbal anced antenna input is to be
used both for single ended whip antennas and doubl et ant ennas usi ng 50 ohm
cable. In order to acconplish matching froma short whip to the antenna
coil at low frequencies, loading coils are necessary to tune out the capaci-
tive reactance of the whip. In order to be effective these |loading coils
must have | ow | osses, and tuning becomes quite critical. Besides these
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probl ens the conpactness of the RF unit left no roomfor such coils. Because
of these factors it was decided not to attenpt to match perfectly for whip
antennas at | ow frequencies.

The ot her consideration in designing the unbal anced input system was
t he probl em of providing reasonably good matching for |ow inpedance re-
sistive antennas (hal f-wave doublet, folded dipole, etc.). Over the range
1 - 16 nt this has been acconplished fairly well, with resistive inputs
varying from42 - 360 ohns in this region

Both types of unbal anced i nput can be accommodat ed reasonably well with
capaci tor coupling. An antenna trinmrer has been provided to tune out re-
actance reflected across the coil fromeither the bal anced or the unbal anced
i nput .

In summary, these are the considerations that governed the choice of
unbal anced i nput coupling capacitors:

(a) Coupling capacitor shall be limted to such size as will permt
conplete trinmng out of reflected reactance of any capacitive antenna.

(b) Wthin the limts set up above, the capacitors shall be chosen
to provide a good match between the whip antenna and the antenna coil

(c) These val ues of capacity should be nodified slightly if necessary
to provide good matching for | ow i npedance resistive antennas.

(d) Two inportant exceptions are noted. These are:

(dl') Consideration (a) would lead to a capacitor inthe .S - 1 nt
band considerably too snmall for consideration (b) and (c).
Therefore, it was increased 33 per cent at a sacrifice of
conpl ete tuning out of resistance for |ow inpedance capacitive
or resistive antenna. Since such antennas are not often en-
countered in this frequency range, such a situation is not
seri ous.

(d2) Stray capacitance limts the size of the 16-32 nt antenna
coupling capacitor to 5 uuf. This value is too small to
provi de adequate coupling, and consequently sensitivity
suffers slightly in this range.

Static Charge Drain Circuit

In accordance with the specification a static discharge circuit was
i ncorporated consisting of a 220 k ohmresistor in parallel with a neon |anp
bet ween t he unbal anced antenna term nal and ground. The resistor drains
of f charges which don't have enough voltage to fire the neon |anp, while
the latter provides a rapid discharge for a suddenly applied high voltage.
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Circuit D agram

A functional circuit diagramillustrating the antenna input circuit
is shown on Figure 63. Note the capacitor in series with the ant trimrer
capacitor. This is necessary with three of the coils to reduce the tota
capacity across the coil. Except on the 16-32 nt band it does not seriously
affect the ant trimrer effectiveness. Although not shown on this sinple
circuit diagram the coil preceding the one in use is shorted out to
elimnate "suck outs"” which would otherw se occur

4.2.6.4 RF _Stages

Fromthe specifications, the three nost inportant considerations in the
design of the RF stages are noi se contribution, gain, and strong signa
handl i ng capabilities.

Noi se Contri bution of RF Stages

Once the gain of the antenna coil has been fixed, the next nethod of
raising the sensitivity of the receiver is to use a low noise first RF tube.
Al'l | ow noi se pentodes, however, are sharp cut-off tubes, and application
of full AGC to these tubes results in severe distortion above about .1 volt
antenna input. A one volt signal 30% nodul ated at the antenna has a possible
peak voltage of 11.5 at the grid of the first RF tube with the antenna coils
used. The first RF tube nust be able to handle this voltage w thout serious
distortion, and in order to prevent the grid fromgoing positive with such
a voltage, at least 11.5 V of bias nust be supplied to the tube. For npst
sharp cut-off tubes, this lies far beyond cut-off, but the 6AJ5, though
nomnally a short cut-off tube can be operated so that it has fairly
sati sfactory renote cut-off characteristics. This is primarily due to
the fact that it was designed for 28 V plate and screen operation. Ap-
plication of screen voltage to this tube through a |arge screen dropping
resi stor provides proper operation when used with a 180 V B+ supply. Wen
AGC is applied to the control grid, the screen voltage rises, thus pre-
venting an early cut-off and giving a nmuch better renote characteristic
than any other sharp cut-off tube tried.

As an exanple of its superiority, here is a conparison between it and
t he 6AKS:

Distortion at .7 V input (30% nod)

6AK5 16%
6AJ5 3%

Audio rise from10 uv to .7 V (db)

6AK5 18.5 db
6AJ5 10.0 db
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Despite the use of this tube, sensitivity at tinmes rises above
3 uv, due to variations in tubes, ant coil gain, etc. It is proposed, there-
fore, to raise allowable AMsensitivity to 3.3 uv below 14 nt and 4.4 uv
above 14 nt. Allowable CWsensitivity is to be raised to 1.3 uv above 14 nt.

The cascode anplifier was also tried on breadboard nodel s and seened
to offer sone inprovenent over pentodes in regard to sensitivity, but again,
their poor performance when AGC is applied disqualifies them They are
often used in TV sets with AGC applied, but they will not handl e signa
level s of 12 V peak as required in this receiver.

Gi n

Closely allied with a low noise first RF tube in the matter of noise
contribution is the gain provided in the first RF stages. For greatest
sensitivity the first RF stage should have a high gain, but such high gain
i s undesirable fromother standpoints. The signal handling capability of
the second RF tube does not greatly exceed that of the first RF tube. This
means that the gain of the first RF tube should be limted to unity when a

1 Vsignal is applied to the antenna. |f the AGC voltage reduces the first
RF tube gain by 10 with 1 V of antenna input, then the maxi mum upper limt
of gain below AGC threshold is also 10. 1In order to hold down cross-nodu-

| ati on and reduce the magnitude of spurious responses, lowgain is also
desirable. Fromthese considerations a nomnal gain of five was chosen
for the first RF stage. Wth this value of gain, the noise contribution
of the second RF stage is not very great and it beconmes possible to choose
the tube type on the basis of other considerations. These considerations
are distortion at high inputs, freedomfrom cross-nodul ati on and good AGC
characteristics. A renote cut-off pentode is desirable fromall these
standpoi nts and consequently a 6BJ6 was chosen for the second RF stage.

It was stated above that spurious response was affected by gain. Best
signal -to-spurious ratio is obtained if signal level at mxer grids is held
low. On the other hand best sensitivity results with high RF gains. A
conprom se was reached at a gain of 25 fromantenna to first mxer grid.
This allows a gain of approximately one in the second RF stage. Wth the
same overall gain of 25 to the first mxer grid, dividing the gain in the
RF stages into five for the first RF and one for the second gives better
sensitivity than any conbination using a gain larger than unity in the
second RF stage. Considering the noise produced at the mixer grid by the
first and second RF stages, a constant gain fromfirst RF grid to first
m xer grid results in a fixed noise contribution fromthe first RF tube
irregardl ess of the division of gain between first and second RF tubes.

The noise contribution of the second RF stage to the total noise at the
m xer grid is the second RF stage noise multiplied by the gain between
second RF grid and first mxer grid. Ooviously the smaller this gain the
| ess noi se contribution by the second RF stage.
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Strong Signal Handling Capability

Sonme of the itenms planned for discussion under this heading have
al ready been taken up. These include the superiority of the 6AJ5 over
other sharp cut-off tubes with respect to AGC control and strong signa
di stortion, and the choice of the 6BJ6 as the second RF anplifier from
t he standpoint of better AGC characteristic, |lower distortion, and better
cross-nodul ation characteristics. It would be well to note here that the
6AJ5 is also very good in regard to cross-nodul ation for interfering
signals up to .1 volt. At higher signal levels it deteriorates bel ow the
performance of renmote cut-off tubes, particularly at |levels around 1 volt.

It may be noted that AGC is supplied to the RF tube grids through
hi gh val ues of resistors. These hel p to prevent bl ocking of the receiver
by strong signals outside the |IF pass band, but within the RF pass band.
These strong off-tune signals may cause the first or second RF tubes to
draw grid current which will back up into the AGC line. By placing high
resistors in series with the grids, little of the grid | eak bias so de-
vel oped is fed back to the IF controlled tubes.

Tests on the strong signal handling capability of the receiver revea
that with AGC on and RF gain wi de open, the blocking | evel always exceeds
1 volt.

4.2.6.5 M xers

Ceneral Consi derati ons

The over-riding consideration in the choice of mxer tubes was re-
jection to spurious responses. The problemresolved itself sinply into
this: wth RF gain adjusted as necessary for a given sensitivity which
m xer tube gives the best rejection to spurious responses? Considerable
experinmentation was done on mxers fromwhich the foll ow ng concl usi ons
were drawn: All mixers are very level conscious in regard to production
of spurious responses. |In order to get nmeasurenments that can be dupli -
cated, the reference i nput was standardi zed at 5 uv by agreement with the
Signal Corps. For the sane input level at the grid of the m xer tube,
pentagrid m xers are superior to triodes and pentodes. However, the re-
qui rement for the sanme signal-to-noise ratio irregardl ess of the m xer
type required that greater RF gain be used in conjunction with pentagrid
converters, Wen the RF gain was adjusted for each tube type to give the
same signal-to-noise ratio, triodes actually gave the best rejection to
spurious responses. Anong different types of triodes, there are variations,
and the 6C4 was found to be the best of all tubes tried. This is based on
an average since there is considerable variation anong tubes of the sanme
type. For every tube tried, bias and oscillator drive were adjusted for
optimum spurious rejection. Careful adjustnent of the bias and/or oscil-
[ ator drive could reduce a spurious down 20 db or nore bel ow normal |evel.
Anot her tube of the same type would require a slight readjustnment to ob-
tain the sane results. Then too, this particular adjustnent of the bias
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woul d have no effect on a spurious of different order which would require
an entirely new readjustnment. The nost that could be done was to find a

bi as, which, aside fromthese unusual "hol es" gave the best spurious re-

jection for all orders of spurious responses likely to give trouble.

Many different schemes of bal anced m xers yielding useful output
were tried, but they offered no significant inprovenent over single ended
types. It is possible that this may have been | argely due to unbal ance
between the two m xer tube sections, and also to the difficulty of obtaining
circuit balance at the frequencies invol ved.

Gscil | ator Coupling

Many net hods of coupling oscillator and signal voltage into the m xer
exist, but the follow ng are the considerations which |l ed to cathode in-
jection:

One side of the signal source is normally grounded. Unless parallel
grid injection was used, the oscillators would have to be fed in series
with the signal on the grid side. Parallel injection involves a |oss of
signal or oscillator voltage, or both. Series injection on the grid side
i nvol ves keeping both oscillator |eads above ground, and with little
capaci tance to ground in order not to detune the signal coil.

Coupling the oscillator into the cathode renobves the above objections.
There is sone coupling of the oscillator voltage to the grid due to grid
cat hode capacitance with this schene, but it never exceeds 15 per cent and
causes no difficulty.

H gh Variable IF

The high variable IF frequency range was determ ned by several con-
si derati ons.

Gscil |l ator Crossovers

In order to elimnate crossovers of the type 1nX1 - nX21 = VIF, the
hi ghest conmon factor of X1 x X2 nust be no | ower than four except in the
.5 - 1 nt band where it may be three. In this equation X1 and X2 are re-
spectively the frequencies of the first and second crystal oscillators. M
and n are any two integers required to satisfy the equation. The VIF of the
equation is the 3-2 VIF. |If X1 and X2 have a hi ghest common factor no |ess
than four, it is inpossible to find any integers mand n which will satisfy
this equation, and there will be no spurious signals generated by harnonics
of one oscillator beating with harmonics O the other oscillator. 1In the
.5 - 1 nc band the VIF varies from2.5 - 2 nc. This allows the highest
common factor to drop down to 3, which with the 3 - 2 VIF also is the
hi ghest possi bl e common factor
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An exception was made on band 3 in order to sidestep a 4th order
spurious. X1 and X2 were chosen so that n = 10 and m= 20 before a
difference of their harmonics lies inthe 3 - 2 VIF. These are high
enough so that no trouble is caused.

Spurious Crossovers

The high IF should be chosen so that no spurious crossover |ower
than 5th order exists.

Frequency Range

Al high IF frequencies nust be within a two to one frequency range
to permit tuning with a single coil.

Nunber of Coil s

Al t hough the frequency scheme was chosen to elimnate whistles
caused by crystal oscillator harnmonics, the crystal oscillators can, if
they get into the wong m xers, cause spurious responses. Three high VIF
coils were chosen as the m ni mum nunber required to provi de adequate
protection of the second mxer fromfirst crystal oscillator voltage fed
intoit via the high VIF. Three coils provided a m xer gain of slightly
greater than one which is adequate.

3-2 nt VIF
The 3-2 VIF design was determ ned by the foll owi ng considerations:

| mage Rejection - The frequency should be hi gh enough to provide
adequate image rejection in the highest frequency band.

Stability - in order to get good receiver stability the VFO nust
operate at a fairly low frequency. The VIF nust then be 455 kc away
fromthis VFO frequency.

Nunber of Coils - Again three coils were chosen both to provide
adequate attenuation to the second crystal oscillator frequency and to
provi de additional selectivity for the last m xer at high frequencies.
Despite the high Q of these coils, they contribute little attenuation
wi thin the passband of the 16 kc I F bandwi dth position. The circuit
was designed to approximate the maximally flat case. The bandwidth to
the -.5 db points is 27 kc at 2.1 nt and about 50 kc at 3 nc. Gain in
this mxer stage is normally 2.

455 KC | F

The 455 kc IF coil in the plate of the last m xer was designed to
gi ve the nmaxi mum possi bl e gain consistant with the desired bandwi dth
and out put inpedance. Gain of the last mxer stage is nomnally 1.7.
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Spurious Rejection

Despite all the experinmentation undertaken on m xers and frequency
schenmes, no neans was found to reduce spurious responses to the [ow | evel
demanded by the specification. However, all spurious responses have been
reduced to 55 db or better

4.2.6.6 Mscell aneous Consi derations

Parasiti c Suppressors

Under certain conditions, parasitic oscillations have been discovered
in the second RF tube, first, and second m xers. These were caused mainly
by long grid and plate | eads, the tube acting as a tuned-plate tuned-grid
oscillator at frequencies in the hundreds of negacycles. Placing a 27 ohm
resistor in series with the grids Iowered the Q of the grid Iine | ow enough
to prevent oscillations.

Test Points

As an aid in troubl eshooting and to facilitate gain neasurenents in
the RF, test points are provided | eading to each tube's control grid. This
is a decided help since the underside of the RF unit is not readily
accessi bl e.

Lead Filtering

Each RF and m xer stage is decoupled from B+ by nmeans of a 2200 ohm
resistor and an .01 uf capacitor, except for the first RF tube which had
its plate decoupled with a 1 uf capacitor. The purpose of the capacitor is
to prevent audio frequencies on the B+ line fromrenodul ati ng the RF signal
Initially when the set was tuned to the side of a strong carrier, it broke
into an audio oscillation. A snmall disturbance on the B+ |ine would nodu-
late the B+ line creating sidebands within the passband of the receiver.
Detection of the conposite signal feeds audio voltage back to the B+ |line
where it renodul ates the RF tube and maintains the audio oscillation. Al
m xer tube filanents are thoroughly filtered to prevent the oscillators
fromgetting into wong m xers and causi ng spuri ous responses.

RF Gain Control

Manual RF gain control is obtained by varying the cathod resistors
of the RF anplifiers and two of the IF anplifiers. The RF gain control is
bypassed with a 50 uf electrolytic capacitor to reduce noi se i nduced by
rotati on of the control

4.2.6.7 The Crystal Gscillator Unit

The crystal oscillator unit is shown in Figures 41 and 42. This unit
could have been part of the RF unit but was nmade a separate unit to all ow
easi er manufacture and mai nt enance.
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Ceneral Design

The basic oscillator circuit used is the pentode cat hode-feedback
Pierce oscillator. Since the screen is grounded, the plate is fairly
wel | shielded fromthe input and tuning the plate circuit has negligible
effect on oscillator frequency. The plate tank is tuned to either the
fundanmental, second harnonic or third harnmonic of the crystal as the RF
unit requires. This is necessary since JAN specs allow no Cli-36U crystals
hi gher than 15 nt while the RF unit requires frequencies up to 34 nt.
Overtone crystal oscillators using the series resonant frequency of the
crystal were not considered because of their poor stability and | ow out put
vol t age.

Figure 64 shows the schematic of the second crystal oscillator in
the band 34 switch position. Although there are 32 bands, only 18 crystals
are used in the second oscillator since sone are used nore than once.
Al so there are only 25 output frequencies tuned with 24 trimers since
bands 0 through 7, with the exception of band 3, use frequencies which are
used on sone of the other 24 bands. Band 3 requires an output frequency
of 18.6 nt, which is obtained by using the tuned circuit for 18 nt as used
on bands 6 and 15 with a series capacitor switched in on band 3 to raise
t he resonant frequency to 18.6 nt.

The first crystal oscillator, operating only on bends O to 7, uses
five crystals, three of which are used twice, and five trinmers to tune
them This oscillator operates only on fundanental frequencies of the
crystal s.

Choi ce of Tubes

After experinmentation with a nunber of different pentodes, the 6AJ5
was found to give the required output voltage with the | east power drain.

Pl ate transforners

In the plate of each oscillator tube, is a transformer for peaking
the output at the desired frequency and supplying voltage at |ow i npedance
to the m xer cathodes. Because of the very wide range it covers and be-
cause at various tines it is tuned to fundanental second or third harnonic
of the crystal, the output of the second oscillator varies 3 to 1 in
vol tage over its frequency range. Since the second mxer is fairly well
saturated, the receiver gain varies only about half this anpunt. Because
of its much narrower frequency range the first crystal oscillator output
vol tage varies about half this ampbunt. One of these transformers is
shown in Figure 65
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Gscil l ator Ovens

Measurenents indicate that the chassis of the R-390 receiver rises
about 20 deg C above the anbient tenperature under continuous operation
Since the receiver is to operate in anbient tenperatures up to 65 deg C
an oven tenperature of 85 deg Cis necessary to insure that oven control
is effective up to this tenperature. CR-36/U crystals designed for this
operating tenperature have been used for the crystal oscillator. The con-
struction of the oven can be seen in Figure 42. It is made up of an inner
and outer nmetal box with a 50 watt heating el enent wound directly on the
i nner one. An 85 deg Cthernostat is also nounted directly on the
i nner box with about 3/8 inch of fiberglass insulation between boxes. The
i nner box is made of heavy brass to give good head distribution and ther-
mal inertia. Wth this oven the crystal tenperatures are held to |ess
than two degrees tenperature variation

Lead Filtering

A nunber of spurious responses in the receiver are caused by oscil -
lators getting into the wong mxers. In order to reduce | eakage from
one crystal oscillator to another, careful shielding is enpl oyed between
oscillator sections and common B+ and filanent [eads are well filtered.

4.2.7 R-389 Variable Frequency Oscill ator

The design of this unit was started as soon as the frequency range and
tuni ng speed were set. The basic physical design was to be based on a
standard oscillator with a tenperature controlling oven added. However,
several factors came up which made a special design necessary. The fina
oscillator is shown in Figures 47 and 48.

4.2.7.1 Design Problens and Sol uti ons

The frequency change per turn of 10 kil ocycles made it necessary to
use an extrenely fine pitch | eadscrew. This |eadscrew was established at
40 pitch Because of the very high tuning ratio of the V.F.O (2.09 to 1)
a ferrite core was necessary. Many probl ens have been solved in pushing
the state of the ferrite art to the present point.

Ferrite Devel opnent

The high pernmeability of ferrite was the outstanding reason for its
usage. At the time of the choice the tenperature coefficient of the
available ferrite was quite bad. As work proceeded a nethod was worked
out to partially conpensate the poor T.C. This nethod involved use of
differential expansion properties of materials. This device was no nore
t han devel oped when a new shi pnent of ferrite was received that was of
opposite T.C. polarity. Since this indicated it was possible to cross
over a zero T.C. reference, serious work then began to secure a product
with nearly zero T.C. It was al so recogni zed that the device that had
been invented would not performsatisfactorily if the TC changed pol arity.
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Since initiation of devel opnent of |ow TC cores began, Collins has
successfully fired to correct TC a nunber of cores thus |eading the way for
ferrite manufacturers to establish the proper production techni ques, At
the tine of witing, three manufacturers have produced cores in smal
gquantities and they are working actively toward production of quantity
out put .

Corrector Devel opnent

The variable frequency oscillators use a nmechanical corrector as a
basis for establishment of extrenmely linear calibration. The usage of a
40 threads per inch | eadscrew nmade inpossible the use of a standard cor-
rector. A new radial type corrector was devel oped that would accurately
allow differential nmovenment of the core ampbunting to approximtely 115
degrees rotation. This is sufficient for correcting the error produced
by coil w nding procedures and core nonhonogeneity.

A | arge amount of experinenting and design was required on this item
to enabl e a proper dynami c operation

Oven Devel opnent

The specifications for the stability of the overall equipnment nmade
the use of an oven necessary. Also the size limtations of the parent
equi prent made it necessary that the oven dianmeter not exceed 3-1/2 inches.
The projected equi pnent warnup tenperature nmade it necessary to plan on an
oven operating tenperature of 75 to 80 degrees Centigrade. The require-
ments of oscillator warnup required that the units be stabilized within
15 mi nutes.

Wth these design paranmeters in effect, work progressed and a pre-
limnary nodel was built. This nodel had a fast and sl ow heater with
separate thernostats. The intent of the fast heater was to cause a rapid
war nup of the frequency determ ning elenents of the oscillator. Tests
soon indicated that no matter how fast the outer heater warmed up it took
about the sane anount of time for the oscillator to stabilize. Too rapid
heati ng caused overshoot with delay in stabilization

The final design selected used a single speed heater which caused
some initial overshoot but anmounted to approximately critical danping of
t he warmup curve

Using this oven on the oscillator the maxi num frequency deviation
during warmup occurs at an el apsed tinme of 15 minutes. After 30 m nutes
the frequency is nearly stabilized and after an hour frequency drift is
wi thin about 25 cycles of ultinmate stabilized val ue.

Cycling of the thernostat initially caused sone frequency cycling due
to oven current variation. It was necessary to build the heater el enment
onto a nmu nmetal cover. This succeeded in reducing the oven cycling to | ess
than 5 cycl es.
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The final oven is a 26-5 volt unit and requires 60 watts power when
operati ng.

A bifilar winding is used to avoid reactive effects and transient
magnetic fields.

Coi | Design

Coi | design, of course, depends upon the core and the conponent
physi cal configurations in the coil vicinity. Since the core problem has
been such a |l engthy one, several coils have been designed each for different
cores. Each time the core perneability is increased an i nprovenent in
length of linear section is nade so that it is now believed possible to
finish the design with a calibration error not exceeding #50 cycl es over
al rost all of the tuning range. It does not seem possible to nake cali -
bration better than 100 cycles from approxi mately 950 kc to 980 kc.

During the design of this coil the use of an inductive trimer was
attenpted. Since all the tuning ratio that could be nustered was needed,
a capacitive trimer was substituted. This trimer is a variable air type
MAPC wi t h maxi mum capacity of 100 nmf.

Mechani cal Desi gn

The basi c nmechani cal design of this oscillator is conparative to
others in Collins line of perneability tuned oscillators. Figures 45 and
46 show t he outside oven and also the inside with shield and oven pul | ed
back. The | eadscrew is |oaded to the main franme, or head casting by neans
of a high pressure spring through ball bearings. To the stabilized |ead-
screw, then, is added a precision threaded tuning core which, too, is
| oaded to the | eadscrew. For maxi mumreset accuracy and stability, a rear
bearing at the far extreme of the oscillator supports the | eadscrew. In
this oscillator it was necessary to use a ball bearing to elimnate radial
noti on.

The coil and capacitor are also nounted to the head casting for maxi mum
rigidity and short |leads. |Insulated and seal ed feedthroughs transfer energy
fromthe tuned circuit outward through the head to the anplifier portion of
the circuit.

The inner portion of the circuit, which contains the tuned circuit, is
seal ed from at nosphere by nmeans of Oring seals. There are three Oring
seals. The rotary shaft, the outer cover, and the trimer cover cap are
sealed in this manner.

It was found necessary to insert a 3/8 thickness phenolic plate be-
tween the head and the tube chassis to reduce the heat |eakage. This heat
| eakage caused a severely slow warnmup characteristic before correction
To insure mechani cal security, the tube chassis is fastened to the phenolic
shield, the shield is fastened to the head and the chassis is then fastened
to the head. This conpleted unit has w thstood severe vibration tests with
no sign of breakage or | oosening.
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The phenolic plate is used for nounting the outer oven cover, which
cover ties to the parent equipnent at the rear. To avoid thread stripping
or the breaking out of these radial screws, the tapped holes in the phe-
nolic plate are lined with a Helicoil insert. This insert serves to
strengthen the threads and | ock the screws into place.

The covers are concentric with each other. The sealed cover is
i nnernost, the heater shell close spaced to it, and the outer cover sepa-
rated fromthe heater shall by approximately 1/4 inch radial dinmension
This space is filled with fiberglass batting for thernmal insulation
See the photograph for details of construction

Circuit Devel opnent

The circuit is a single tube electron-coupled oscillator of the three
term nal type. See schematic diagramfor details. The output fromthe
plate of the oscillator tube is fed to the buffer tube grid. The buffer
is especially designed to accentuate the second harnonic. Measurenents
show t he second harnonic content to be equal to the fundanmental when
connected to the parent equipnment |load circuit. This was done to provide
equal drive to the mxer for fundanmental and second harnonic injection
A 5749 (6BA6W is used for the oscillator and a 6BH6 is used for the
buffer.

Consi der abl e conponent val ue adj ustnent was necessary to acconplish
good voltage stability over the 2.09 to 1 tuning range.

A speci al fixed capacitance tank capacitor was devel oped for the
application. The stability of this conponent is as good as the state
of the art allows for tenperature coefficient and capacitance drift.

4.2.7.2 Perfornmance

It should be noted that the perfornmance figures are based upon ex-
tensive testing of engineering nodels plus tests of a production nature
on preproduction nodels. Also, the final production core is not yet
avail abl e at the date of witing. Final performance figures could not
be given in this report and will not be available until the production
core is used and an oscillator is conpletely tested therewth.

Frequency Drift with Tenperature, Oven On

Maxi mum frequency change fromroomtenperature to m nus 40"C was
measured at mnus 66 cycles. Frequency change fromroom tenperature
to plus 85"C was a maxi mum of plus 32 cycles. The frequency tenperature
measurenents were nade at both ends of the tuning range.
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Frequency Drift with Tenperature, Oven Of

The data obtained for these nmeasurenents are conpl etely dependent upon
the core used. Sone cores have given frequency deviations fromroomtenper-
ature up to 90'C of less than 300 cycles. Al units built to date have
shown a | arge deviation at |ow tenperatures. Sone of these deviations have
been as | arge as 2000 cycles at the | ow frequency endpoint. It is believed
that when final cores are received this situation will be nuch inproved
since linearity of the core tenperature coefficient has inproved with de-
velopnent. It is to be recomended that for maxi num stability the oven
shoul d be used.

Vol tage Stability

Circuit operating points have been adjusted to provide the best possible
frequency stability with filanent voltage change. B+ voltage coefficients
have been sacrificed slightly to do this. The reason for this cones from
the fact that filament supply regulation is not as good as is the B+. It
was possible also to design so that as the tube ages the voltage coefficients
age toward better operation and greater stability.

The B+ voltage coefficient at the 470 kc endpoint usually neasures about
negative 75 cycles for a 20% change. The filanent coefficient measures about
positive 15 cycles at both end frequencies for a 20% change of voltage.

Cal i bration Accuracy

The coil will have to be slightly redesigned for the final core, but

based upon the | atest core and coil design a calibration accuracy of 50
cycl es should be possible from469 kc to 950 kc. From 950 to 980 kc it is

bel i eved that 100 cycles will be the best possible accuracy.

Twenty Hour Stability

Various neasurenments have shown that with oven operating, after 90
m nut es war mup, the frequency can be expected to stay within 25 cycles for
t he peri od.

The stability during this twenty hour period does depend somewhat upon
the past history of the unit. |If the oscillator has been inoperative for a
period of a few days or nore just previous to this test, a larger drift wll
be neasured.

4.2.8 R-390 Variable Frequency Oscill ator

The VFO for the R-390 was to have 10 turns and cover the frequency range
2.455 to 3.455 nc. This allowed the VFO used in the R-388/URR (51J-3) to
be used as a prototype of this unit. The tuning range had to be nodified
slightly, the circuit of the prototype was not suitable, the stability re-
qui rements of the new unit required an oven, and to nmake the greatest im
provenent in stability conponent research and devel opment needed to be done.
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Oven Devel opnent

The fundanental investigation of oven design was cooperative between
this oscillator and the 70H-1. It was, however, necessary to nodify the
type of thernmpostat used on the 70H 2. The basic frequency is about four
times higher on this unit and it also has a snaller total thermal nass so
a thermal cycling was produced that was of too great a magnitude. The
heater el enent was redesigned to increase its thermal nass and to accom
nodate a Fenwal thenmoswitch which integrates the tenperature nearly the
full length of the heater assenbly.

This nodi fication reduced the cycling to an anpbunt | ess than 5 cycles
devi ati on.

Circuit Design

A rather |engthy program of research and devel opment was enbar ked
upon to determine the best circuit and tube for the application. A rug-
gedi zed tube was considered desirable. Several types of vacuum tubes were
tested for aging of voltage coefficients, nmocrophonics, and circuit oper-
ation. The final tube selected was the 5749 (6BA6W .

The outcone of the circuit devel opment programwas the three term na
el ectron coupl ed cat hode feedback type. This circuit was found best suited
for permeability tuning and i s not dependent upon cunbersone reactive
el ements apart fromthe tuned circuit itself. This type of circuit also
has the proper nunber of conponents for critical adjustnment of tube oper-
ation without a redundancy whi ch can cause additional frequency errors due
to conponent aging. See the schematic diagramfor conplete circuit.

Conponent Research

In order to achieve maxi mumstability of the oscillator for |ong
periods it was necessary to thoroughly investigate powdered iron core
agi ng, tank capacitor stability, lubrication, and seals.

Powdered Iron Core

The powdered iron core aging problemwas attacked in two different
ways. First, the intrusion of noisture and vapor into the core was re-
duced by inpregnation with a resin. Tests were made whi ch show the
permeability aging to be about 8 to 10 tines slower and | ess than that
measured upon an untreated core. Continuous research is being carried
along presently to find materials and techniques that will still further
i nprove the quality.

The second step taken was to approach manufacturers of the cores
with the problem of aging. Considerable work was done with Radi o Cores
Conmpany who have been trying various insulator materials and have been
sending cores to us for aging test. The magnitude of this probl em has
been so great that an answer has not been found, although trends have
been established for further research.
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Frequency Drift with Tenperature, Oven On

The frequency of the oscillator will stay within 100 cycles, of the
val ue nmeasured at roomtenperature, frommnus 40"C to +70"C. The oscil -
| ator oven nmust be shielded fromdirect air flow at the cold tenperatures
or else the oven tenperature will not hol d.

The frequency error becones quite a little larger than 100 cycl es
when the oscillator tenperature goes above 70"C since the oven tenperature
no | onger hol ds constant and the tenperature conpensation of the oscil-
[ator is not flat above 70"C. Normal values of frequency change from 70
to 90"C are in the order of 500 cycles.

Frequency Drift with Tenperature, Oven Of

The nomi nal oscillator tenperature conpensation is being set up so
that the maxi mum fl at ness of frequency versus tenperature occurs near
60"C. O course, there is a tolerance which cannot be avoided. This
tol erance stens fromthe small est val ue of conpensation capacitor incre-
ment. Figure 68 shows the tolerance and its limts.

There is sone additional frequency-tenperature error caused by the
powdered iron core tenperature coefficient. This error is nomnally
smal | and at endpoint frequencies should not cause errors in excess of
150 cycles fromthat shown in Figure 68.

The tenperature-frequency error at tenperatures below 30"C is de-
pendent upon capacitor tenperature coefficient linearity plus initial
conpensation. The total anmount of this error is not in excess of 800
PPM wi thin the oscillator range and over the tenperature range from 30"C
to -40"C

Vol tage Stability

Circuit operating points have been adjusted to provide the best
possi bl e conmprom se of plate and filament voltage-frequency characteristics.
There has been al |l owance for tube aging so that the stability wll
slightly inprove for the first few hundred hours of operation before
becom ng degraded by aged tube characteristics.

The plate voltage coefficient for a 20% change is under 100 cycl es
and the filanent coefficient is under 30 cycles for a 20% change.

Cal i bration Accuracy

The production oscillators will be calibrated so that the linearity
will fromany calibrated point in the tuning range to any other shall not
exceed 750 cycles. Calibration accuracy when adjusted to zero error at the
adj acent 100 kc/sec check point will not exceed 250 cycl es exclusive of dial
error. Resetting the oscillator fromeither direction of rotation to a
given point will not exceed 35 cycles exclusive of dial error

(There is no page nunbered 70 in the docunent)



Twenty Hour Stability

After 90 m nutes the oscillator has denonstrated the ability to remain
within 100 cycles for 20 hours. This ability has been found to depend
somewhat upon the recent history of the oscillator and upon the use of the
oven.

If, for exanple, the oscillator has been unused for several days
previous to the 20 hour stability a slow positive frequency drift may be
experienced during the period. However, when in regular usage the stability
will remain good for extrenely |ong periods.

4.2.9 R-389 - R-390 Beat Frequency Oscill ator

This BFOis actually part of the IF unit but is handl ed separately since
it is a separate unit with special design problens.

4.2.9.1 Design Problens and Sol utions

The problem was to design a seal ed, narrow tuning range, highly stable
oscillator in a small space. It was found that there was not roomfor an
oven for this unit and since an external BFO could be substituted in the
event extrenme stability was necessary this was consi dered accept abl e.

El ectri cal Conponents

The use of a small perneability tuned coil in series with a stable
high Qtoroid was decided for the coils. The capacitor was devel oped for
the job by nodifying the type of construction of a button silver mica

The toroid and variable inductor relative size determ nation was
readi | y acconplished as soon as a special powdered iron core was avail abl e.
The toroid core material was selected after a rather |engthy sel ection of
sizes, nolding pressures, and powdered iron materials. The final se-
| ection | eaned heavily toward Q and tenperature coefficient as primry
qualities

The main capacitor requirements were such that necessitated the use
of a potted ceramic type nuch as that used in the variable frequency
oscillators. The capacitance, however, could not be placed in a ceramc
unit as small as needed. Consultation and experinentation with button mca
manuf acturers indicated that by hermetic sealing, preaging, and by using
specially selected m ca the capacitor could be made satisfactory for re-
qui rement .

Mechani cal
The smal | size necessitated use of an arrangenent that allowed the
tuning shaft to nove axially 1/16 inch when tuning the required anount.

The total axial novement allows for trimmng the oscillator into its proper
frequency region during production and assenbly.
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The mechani cal conponents consist of a head with pressed in sleeve
bearing, a concentric tuning shaft to which is welded the screw of the
powdered iron tuning core. A lead nut and | oad nut with the required
| oadi ng spring are together on the screw of the iron core and are assenbl ed
to the coil and to a threaded part of the head which is concentric to the
front bearing. Standoffs fromthe head hold a rear plate to which is
fastened the toroid coil and the capacitor. Wring is done after assenbly
and out put connects to three seal ed insulating feedthrough term nals which
pass through and are soldered into the head. Figure 30 shows the fina
BFO wi th shield renoved

4.2.9.2 Circuit Devel opnent

VWile the actual oscillator anplifier circuit is not an integral part
of the BFQO, the circuit was devel oped for the best operation and voltage
coefficient. The circuit consists of a 6BA6Wtube and is a cat hode tap-
feed back type simlar to that used in the other oscillator types. See
Schematic D agram for details.

Frequency Drift with Tenperature

The oscillator can be conpensated so that from25"C to 70"C the
frequency will not deviate nore than 75 cycles. This conpensation is good
for a wide range of tenperatures. The oscillator will normally deviate
| ess than 200 cycles over the entire range of -40"Cto +70"C. From +70"C
to +90"C the drift becones |arger per degree and is not as predictable as
for lever tenperatures. Values of drift here range in the amount of -125
cycl es.

Vol tage Stability

Maxi mum vol t age coefficient for the oscillator when plate voltage is
varied 20%is 10 cycles. A filanment voltage change of 20% w Il cause 5
cycl es change.

Calibration
VWile no calibration correction is made the oscillators are to be
producti on checked to insure a balance in tuning fromcenter frequency

that is within 500 cycles.

4.2.10 Cystal Calibrator

In order to neet the dial calibration accuracy requirenments in the R 390
Receiver a Crystal Calibrator was required. It was determ ned that 100 kc
calibration points were nost desirable since this would give 10 check points
across each one negacycl e band and al so be the best conprom se between high
accuracy and straight forward circuits.
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The first problemof such a crystal calibrator was the crystal itself
whi ch had to be very accurate and stable since it was to be used as a fre-
guency standard. No suitable 100 kc crystals were avail able and so the
standard type of oscillator-multiplier circuit could not be used. Suitable
crystals were avail abl e, however, at higher frequencies, so a one negacycle
crystal with a 10:1 divider circuit was used. The schematic of the fina
circuit is shown in R 390 Schematic and the unit itself is shown in Figures
43 and 44. The crystal is a CRI36 and is nmounted in a 26 volt oven which
is always in use. The crystal is used in a triode oscillator circuit and
has a variable capacitor across it to set it to exact frequency. The 10:1
divider is of the flip-flop type and uses a twin triode. This drives a
distorter-buffer which feeds into the antenna circuit of the receiver giving
good signals up to 30 nt. The divider has a variable capacitor that is
used to set its "free-running" frequency slightly below 100 kc so that it
will be triggered by every 10th cycle of the one negacycle crystal which is
coupled into the nultivibrators plate circuit. Several nodels of a cali-
brator were tried using variable drive level to the nultivibrator as a
means of locking it to the correct frequency, but the variable tine-constant
wor ked better in locking the nultivibrator to the correct division frequency.

Sonme troubl e has been reported by the Signal Corps in the calibrators
operation, but no definite trouble could be found. Very careful analysis was
made of each conponent in the entire circuit and no possi bl e cause of poor
operation was determ ned. The effect of "tube poisoning” or interface
troubl e was suspected since the calibrator tubes would be used only inter-
mttently, but this was not shown definitely. Since it seemed to be nore
of an aging problem nore information m ght be available [ ater on

The oven used for this calibrator crystal is of a standard type nade
by Bliley Corporation with fiber glass insulation instead of the usual cork
The tenperature is nomnally 85"C and seens to hold quite close since the
cycling in frequency is only about one ppm The vari abl e capacitor across
the crystal, is adequate to set exactly on frequency any crystal neeting the
M| specification, and will pull a crystal about 30 ppm The output which
feeds into the receiver is coupled into the ground of the first RF tube
through a 1 mmf capacitor and provides signals of 20 to 1000 nocrovolts
t hroughout the range .5 to 32 nt. Equalizing has been done in this output
circuit to make this range fairly constant, although sonme inprovenment mn ght
be made. The external antenna is shorted by the antenna relay during the
calibration process so as to reduce the problem of noise and extraneous
signal s

In order that dial read correctly when used with the calibrator, a
mechani cal system was devised to allow the frequency counter to be noved
about 10 kc. This was done by nmeans of a friction clutch in the counter
drive and a screw knob, which releases the clutch and holds the counter
while the rest of the receiver is tuned to the exact frequency. Then the
clutch is released and the dial calibrated. This calibration process should
be used whenever maxi mum accuracy is required, and will allow frequencies
to be read and set to about 200 cycles. However, under normal operation
wi t hout calibration the receiver will still give accuracies of about 3 kc
at all frequencies.
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In the early part of this programa calibration systemwas pl anned for
the R-389 receiver. However, after considerable work, and after the fre-
guency system was determ ned, a calibrator seened inpractical. The main
reason was that to be of nuch use, 10 kc calibration points would be
necessary, especially on the | ower bands. This would require a rather
conplicated system and was not considered worthwhile. It was al so pl anned
that the variable oscillator used in the R 389 tuning systemwould be nore
accurate than the R-390 and shoul d give good dial accuracy w thout check
points. The R 389 oscillator finally devel oped did work out fairly well,
and can give accuracy of +100 cycles on the | ow range and 200 cycles on the
hi gh bands. These figures were satisfactory for the Signal Corps require-
nents.

4.2.11 Mscellaneous Circuits

This section covers the general design of several circuits conmon to
both receivers and whi ch had speci al design problens and sol utions.

4.2.11.1 Automatic Gin Control

In the original design, AGC was applied to the two RF stages and to
the first two I F stages. Operating conditions for the tubes were adjusted
so that it was nearly possible to hold audio output within 6 db from5 uv
to 1 v. It was |later decided to change AGC control fromthe second to the
next to the last IF stage in order to reduce noise on strong signals. Stil
|ater the first RF stage was changed froma 6BJ6 to a 6AJ5. Both of these
changes resulted in a loss of control at inputs greater than .1 volt.
Not hi ng was done at the tinme to relieve the situation since nore pressing
probl ems were at hand. Since then AGC has been experinentally applied to
the second IF stages with a resulting 3 db inprovenent at 1 v input, but
since the I F design was frozen, no further investigation was nade and the
change was not incorporated into the final design. No AGC is used on the
m xers, since their bias has been adjusted for best spurious rejection and
increasing this bias deteriorates the signal/spurious ratio. A functiona
schemati c showi ng the operation of the AGC producing circuit in the fast
position is shown in Figure 66.

AGC Anplifier

In order to prevent BFO voltage fromaffecti ng AGC voltage, a
separate ACGC anplifier stage is required. Bias on the 6BJ6 AGC anplifier
i s higher than normal to prevent overl oading at strong signal inputs.
Even so the bias is less than .4 of that in the IF cathode follower and
less than .2 of that on the final IF anplifier both of which are driven
fromthe sane source. Wien the function switch is in M3C position and RF
gain is advanced, the 6BJ6 is the first to draw grid current. To prevent
grid current |oading the 6BJ6, AVC bias is supplenmented by grid | eak
bi as.
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Del ay Met hod

Direct delay on the AGC anplifier or AGC rectifier, has a di sadvant age
since it permts nodul ati on peaks to affect AGC voltage, particularly at
signal |evels around AGC threshold. The circuit used in the R 390 prevents
this by rectifying the signal first and then delaying the rectified voltage.
The delay is acconplished by bl eeding B+ on the AGC line. The suppressor
grid of the 6BJ6 AGC anplifier acts as a diode to prevent the AGC |line from
actual ly going positive for signal |evels bel ow AGC threshold

Ti me Const ant

AGC vol tage after delay, passes through a 220 K ohmresistor to the
grid of 1/2 a 12AU7 (V-511A). ACGC filter capacitors for the fast position
were chosen to keep the receiver stable agai nst audi o feedback through the
AGC line. The nmediumtine constant is produced by connecting a 2 uf
capaci tor between AGC |ine and ground. The slow tine constant is produced
by connecting this same 2 uf capacitor between grid and plate of V-511A. Be-
cause of the "MIler Effect” the input capacitance appears Cgp (1+ K) where
Kis the gain of the tube. Since the gain of the 12AU7 is about 12, the
ef fective capacitance is increased about 13 tines, equivalent to a 26 uf
capacitor. Tinme constants were originally calculated w thout considering
the effect of the delay circuit. Medium and fast tinme constants were
measured indirectly using | ow frequency AC. Agreenment was fairly good be-
tween cal cul ati ons and neasurenent. However, a recent investigation shows
that the delay circuit has a considerable effect on the actual tinme constant
of the system Time constant should be neasured by noting the time required
for the AGC line to discharge to e™-1 tines the original AGC voltage. Lately
the nmedi um and fast tine constants have been neasured in this manner with
results showing that the fast AGC tine constant is actually .015 seconds,
and the nmedi um constant is about .2 seconds. Slow AGC tinme constant is 3.5 -
4 sec. The drawing of the Functional circuit will help to illustrate the
reason that the AGC T.C. is affected by the delay circuit. (Figure 66).

If the delay circuit vere absent the discharge TC woul d be equal to
RC = (180 K +220 K +100K) 2 uf = 1.0 sec. |If the delay diode were absent
and no ACC vol tage were being generated the voltage at the point A would be

280
+180 X %%% = +39:-5 V. The delay di ode (suppressor of the 6BJ6 AGC anpli -
1280
fier) prevents this voltage fromrising above +7-5 V, but this is enough to
speed up the discharge of the 2 uuf capacitor considerably over what it
woul d be if the capacitor were discharging toward ground.

Fl at AGC Characteristics

Four tubes provide good control of receiver gain up through .l volt.
Beyond this point the AGC no | onger holds the receiver within the required
spec of 6 db between 2.5 uv and 1 v. Beyond .3 v input, nodulation rise
occurs and the AGC anplifier begins to overload. It is possible to hold
audio to within 6 db from2.5 uv to .1 v and within 12 db from2.5 uv to
1 wv.
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Bl ocki ng

In order to prevent grid current flowin the first RF anplifier, it
has al ready been pointed out that the AGC voltage nmust be allowed to rise
to 11.5 v at 1 v input. 1In addition, all other gains and attenuations
must be apportioned so that no other stage draws grid current. After
some experinentation this has been acconplished and at no tine does the
recei ver block with inputs under 1 volt.

Carrier Level Meter

The carrier level nmeter is actuated by the plate current flow in
V511A, the tine constant multiplier tube. Meter current flow is bal anced
out under zero ACC voltage conditions by neans of a bridge circuit. Ap-
plication of AGC voltage to the grid of V511A reduces the voltage on its
cat hode allowing current to flow through the meter in proportion to the
magni t ude of AGC voltage. Figure 61 shows the functional circuit operation
of the carrier level nmeter circuit. The 15 ohmrheostat in the 6AK6 fina
IF anplifier cathode zeros the neter under conditions of zero AGC voltage.
A nmeter readi ng when function switch is in M3C position indicates an over-
| oad of V506 It is caused by grid current flowin V506 which added to the
pl ate and screen current unbal ances the bridge.

4.2.11.2 Noise Limter

Upon request of the Signal Corps, a full wave adjustable noise linmter
was adapted for use in the R 390 receiver. This type of noise limter has
t he advantage that the clipping | evel can be adjusted froma rather high
nmodul ati on percentage (50 - 60% suitable for renoving inmpul se noise from
AM signals, to a very | ow percentage useful on CWsignals. Figure 69 shows
the functional circuit diagramof the noise limter in operation

4.2.11.3 R-390 VFO Filter

Wth the type of circuitry enployed in the R 390 receiver, the VFO
frequency coincides with the receiver frequency at 2.727 and 3-227 nt.
In addition, the receiver is very often tuned to harnonics of the VFO In
order to hold down noi se and spurious responses it is necessary that the
third m xer be supplied oscillator voltage in which IF noise and oscill ator
harmoni cs are filtered out. The nost obvious way of doing this is to place
a tuned circuit between VFO and m xer, but because of nechani cal problens,
such a filter would be placed in the RF chassis rather than the VFO This
was tried, but as a result of the high VFO voltages on the RF unit, the
oscillator crossovers were very strong indeed. Further experinentation
led to a bandpass filter nounted on the VFO |F noise is attenuated 28 db,
and the second harnonic of the VFOis down 14 db or nore. Since this re-
nmoves high VFO voltage fromthe RF chassis, fundanental crossovers are al so
reduced in intensity. Figure 70 shows the circuit of the filter
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Lead Filtering

Al VFO power |eads have been carefully filtered to reduce VFO funda-
mental and harnonic radiation to a mininmum Despite careful filtering and
| ead shielding, internal signals produced by coincidence of VFO fundanenta
or harmonics with the receiver frequency signals occasionally run as high as
3.5 uv equivalent strength. The foll ow ng performance on internal signa
strength was the best possible:
NMI 8 signals > .5 uv
NMI 5 signals > 1 uv
NMI 2 signals > 2 uv
0 signals > 3.5 uv

4.3 Task C Drawi ng and Report

The final work of this project was to conplete the draw ngs necessary
to give conplete manufacturing information for both of these receivers and
their various accessories. Al during the nodel building program draw ngs
were used but they were nostly of the tenporary sketch nature. This was
necessary because of the many changes nmade during devel opnent. Toward the
| ast of the project, final drawi ngs were prepared both for this project and
for manufacturing purposes. This work was done nostly by draftsmen who
wor ked under the supervision of the mechanical engineers listed in this
contract. This work continued sone tine after the |ast of the equipnents
were submitted to the Signal Corps so the drawings are anong the |last itens
to be delivered

This final report was not started until all equipnments were delivered
and preparation for manufacture of these equi pnents was underway. Mst of
t he personnel who worked on the devel opment contract were al so invol ved
with the production so it has been difficult to get this report together
and out on schedul e.

5.0 CONCLUSI ONS

The following are the results of this devel opnent contract and the
concl usi ons reached by the Contractor as a result of this work:

5.1 As aresult of this devel opnent contract, design has been com
pl eted, nodels built, and manufacturing draw ngs prepared for two basic
radi o receivers, the R-389/URR and the R-390/URR  These receivers were
designed to neet the Signal Corps specifications SCL-1134-B and M L-R-10474.
VWil e they do not neet these specifications in every respect, they have
satisfied the Signal Corps requirenments to the extent that substanti al
orders have been placed with the Contractor for both equipnents. There were
al so devel oped several accessories for these basic receivers such as speci al
power supplies and cabinets, sone of which are al so being ordered by the
Si gnal Cor ps.
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5.2 1t was concluded that the "unitized" or "sub-assenbly" design
was of great inportance and during this programa great deal of work was
done with this type of construction. Fromthis experience the desirability
of this type of construction has been clearly shown. Both manufacture and
mai nt enance have been found nuch sinpler when sections can be built and
serviced separately.

5.3 Anot her concl usi on which can be drawn from experience on this
equi prent is that the use of quite conplicated systens, both electrica
and nechani cal, can be tolerated by the mlitary services, in order to
achi eve desired performance. This was a point of some concern during the
pl anni ng phases since it was felt that over conplicated equi prent woul d be
undesi rabl e even though it mght neet the requirenents. At just what point
conprom ses can be made is not easily determ ned but future use of this
equi prent shoul d give nore information on this subject.

6.0 RECOVMENDATI ONS

The foll owi ng recormendati ons are made as a result of the Contractor's
experience in devel oping this equipnent:

6.1 1In a devel opnent project of this kind where a group of engineers
design and build a piece of equipnent, there is one probl em al ways to be
faced. That is, to decide at what point in design, work can be stopped and
it can be definitely said that this is it. O course, the design objectives
and specifications should be the answer to the problem but no good engi neer
who is striving for the optimumin his design likes to stop work when he
can see further inprovenent possible even though m ni mum desi gn objectives
have been net. However, in this equipnent where production schedul es
demanded conpletion of the design, it is felt that further investigation
and design would be worth while especially in the sinplification of assenbly

and maintenance. It is also felt that a general review of requirenments be
made
keeping in mnd the conplications necessary to neet each requirenent. One

speci fic point which mght be investigated under such a programis the RF
unit. This unit, because of its conplicated gear train and so many novi ng
parts, could be studied for possible relaxing of tolerances and sinplifi-
cation of assenbly methods. The mixer circuit could also be investigated
for a way of reducing spurious responses and internal signals. The antenna
circuit gain and i npedance m ght be inproved by further work. The de-

vel opnent of better iron cores mght help the RF coil design enough to
result in lower manufacturing costs. A redesign of the crystal oscillator
unit mght increase the accessibility of parts and ease assenbly. |In the
IF unit a redesign could be made using new y devel oped "nmechanical filters”
to replace the IF transformers and elimnate alignnent problens both in
manuf acture and field maintenance. The audio unit, which now has a concen-
tration of heat due to tube dissipation, mght be redesigned to relieve
this trouble. The VFO has certain drift problenms which mght be reduced by
new and better iron cores. The calibrator unit should al so be checked for
tube and conponent aging. So in general, it is recomended that future
devel opnent work be done in order to insure optinum performance and m ni num
costs for all parts of these equi pnents.
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6.2 Another thing recommended is that the nost be nade of the unitized
type of construction of these receivers. To do this, conplete spare units
shoul d be stocked for rapid replacenent. Special test fixtures should be
provided in order to sinplify maintenance and repair of individual sub-
assenblies. Extention cables should be provided for operation with units
renoved for checking or repair. Special test information should al so be
provi ded for such testing, and |locating trouble by unit should be enphasized.

6.3 It is also recommended, since this equipnent enploys severa
rel atively new techni ques, that these be incorporated into the Signal Corps
trai ni ng program as soon as possible. Schooling on such things as perme-
ability tuning and triple conversion would be a big help in use and mai n-
tenance of these equi pnents.

6.4 1t is also recommended that devel opnment work be initiated or
accel erated on several conponents which were found to be linmting factors
in this design. 1In the case of the first RF tube, a conpromi se had to be
made between sensitivity and overl oad perfornmance since no tube was avail abl e
whi ch woul d gi ve good performance in both points. The tube used in the
variable frequency is also one of the limting points for frequency stability
of these receivers and devel opnent work on a special oscillator tube m ght
gi ve inproved operation. Also the iron core used in this oscillator is the
best available for aging and stability, yet it is felt that devel opnent work
on iron cores could find materials which would give better results. It
woul d al so seem advi sabl e that other manufacturers be set up to build ball ast
tubes simlar to the ones used in this equi pment and now available fromonly
one supplier.

So here al so a general recomendation is nade that a great dea
of enphasi s be put on research and devel opnent prograns to provi de new and
i nproved components for the el ectronic designs. The Signal Corps has given
excel | ent cooperation through their Conponent and Material Section on this
poi nt and have been of great help in solving conponent problens. However,
there is still a lot to be done and could prove to be a benefit to al
concer ned.

7.0 | DENTI FI CATI ON OF PERSONNEL

The following is a list of nanes and titles of key personnel directly
assigned to this contract and taking part in the work covered by this report.
This list also contains the approxi mate nunber of man hours spent and the
maj or work of each man. Also included is a brief description of the back-
ground of each man

L. W Couillard - Section Head, Medi um Frequency Receiver Section

Enpl oyed by Col lins Radi o Conpany for 12 years working nostly on re-
ceivers and receiving equipnent. Gaduate in Electrical Engineering
Uni versity of M nnesota, 1938. Approxi mately 1500 hours spent on this
project working on all phases in a supervisory capacity.
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R F.

Wtters - Project Engineer on R 389 Receiver

Enpl oyed by Collins Radio three years working on the R 389 receiver.
Graduate in Electrical Engineering fromNorthwestern University in
1944. Enployed three years by Raul and Corp. as project engi neer and
by Gal van Manufacturing Corp. one year as production engi neer. Ap-
proxi mately 4500 hours spent on this project working on the R-389
receiver.

D. M Lewis - Mechanical Engineer

Enpl oyed by Collins Radio four years working on mechani cal design

of R-389.. Gaduate in Mechanical Engineering fromlowa State Coll ege.

Previ ously enployed by Curtis Wight Corp. for five years as a
mechani cal engi neer on aircraft electrical equipnment. Approxinmately
4500 hours spent on this project doing nmechanical design.

Stinson - Devel opnent Engi neer

Enpl oyed by Collins Radio for three years working on R-389 receiver.
Graduate in Electrical Engineering fromlndiana Tri-State Coll ege,
1948. Approximately 600 hours spent on this project working on the
R- 389 RF section.

N. E. Hogue - Project Engineer R-390 Receiver

Enpl oyed by Collins Radio for three years working on R-390 equi prent .
Graduate in Electrical Engineering fromUniversity of Wsconsin in
1950. Approximately 3000 hours spent on this project working on the
R-390, particularly on the audio and power units.

E. Schoeni ke - Devel opnment Engi neer

Enpl oyed by Collins Radio four years working on R-390 equi pnent.
Graduate in Electrical Engineering fromUniversity of Wsconsin in
1949. Approximately 4500 hours spent on this project working
nmostly on the RF and oscillator sections.

@i swl d - Mechanical Engineer

Enpl oyed by Collins Radio for four years working nostly on the
mechani cal desi gn of Navigation and receiving equi pment. G aduate

of special drafting and mathematics course, M nnesota, 1936. -

G aduate of aviation school, Hamin University, |1945. Enployed four
years as architect, M nneapolis, Mnnesota and five years as nechani -
cal designer by M nneapolis Honeywel |l Regulator Co. Approximately
3000 hours spent on this project working nostly on the mechani cal
design of the R-390.
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C. A Rockwell - Devel oprment Engi neer

Enpl oyed by Collins Radio for 13 years working as a | aboratory
techni ci an, assenbly foreman, and devel opment engi neer. Approxi mately
3000 hours spent on this project working nostly on RF coil design for
R- 390 receiver.

Eber hardt - Devel opment Engi neer

Enpl oyed by Collins Radio three years working on R- 390 project.
Graduate in Electrical Engineering fromPurdue University 1949. Two
years spent in U S. Arnmy as Technical Sgt. Approximtely 1500 hours
spent on this project working nostly on the IF unit design

R Newrnire - Devel opnent Engi neer

Enpl oyed by Collins Radio for eight years as test foreman and devel op-
ment engi neer. Approximately 600 hours spent on this project, working
nmostly on spurious response problens and test work.

D. M Hodgin - Devel opment Engi neer

Enpl oyed by Collins Radio for six years working on oscillator de-

vel opnent. G aduate in Electrical Engineering from Purdue University
in 1947. Served two years as radio technician in U S Navy. Ap-
proxi mately 900 hours spent on this project doing devel opnent work on
vari abl e frequency oscillators for R 389 and R 390 receivers.

R_Craiglow - Devel opment Engi neer

Enpl oyed by Collins Radio for approximately six years specializing
in crystals. Gaduate of Chio State University in Electrical Engi-
neering in 1947. Served two years in U S. Signal Corps. Approxi-
matel y 200 hours spent on this project doing work on crystal circuits.

H Stover - Devel opment Engi neer
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Enpl oyed by Collins Radio for three years working on oscillator
devel opnent. G aduate of lowa State College in Electrical Engi-
neering, 1950. Served two and one-half years in U S. Signal Corps.
Approxi mately 300 hours spent on this project working nostly on the
beat frequency oscillator circuits.
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Figure 57. I-F Unit Block Diagram
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Figure 59. Crystal Filter Circuit
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Figure 60. Interstage I-F Transformer
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