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ABSTRACT

The effects of interference to Loran signals may be reduced by
decreasing the bandwidth of the Loran receivers to about 35 kilocycles,
6 db down, without seriously limiting the usefulness of the received pulse,
Reference (1) authorized studying the receivers and devising a method of
reducing the bandwidths, & recent report of the Bureau of Standards
indicated that ths over all bandwidth could be reduced to 30 ke without
appreciably effecting the pulse shaps (reference 2).

It was found that a 30 to 40 ke bandwidth could be obtained on the
DAS-1, DAS-3, DAS-4, AN/APN-4, AN/APN-9 receivers, The minimum handwidth
obtainable with the DAS and DAS-2 i=f transformers was found to be 45 ke,

These modifications cannot be made from the equipment spares, but
the parts needed are such that they could ordinarily be obtained in general
StOCkSn

A summary of the tests conducted on the modified receivers as well
as the method of change is ineluded in this report,

The specific instructions for the field changes of each model are
contained in the zppendices.
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INTRODUCTION

1. The reduction of the bandwidth of the Loran receivers is obtained by
decreasing the damping and coupling of the i~f transformers, as well as
eliminating the stagger tuning of the i~f stages. This method of bandwidth
.reduction is similer for all Loran receivers and ie of such nature that it
could be made in the field,

EFFECTS OF BANTWIDTH REDUCTION

2, The Loran pulse suffers little or no distortion due to the decressed
bandwidth of the receiver. The bandwidth maybe as narrow as 30 kilocycles
without seriouslir affecting the usefulness of the pulse (reference 2).
Plate 1, figure (2) shows a pulse supplied by a Loran TS-251/UP fest signal
gonerator as viawed on an indicator of a DAS-4 receiver whose bandwidth is
76 ke, TFigure (b) shows the same pulse which has passed through a receiver
whose bandwidth has been reduced to 55 ke, Figure (c) shows the same pulse
after being passed through a receiver whose bandwidth 1s 37 kc. It is
evident that there is 1ittle or mo change in the pulse ghape, The rige
time was only slightly increased by reductiona in bandwidth.

3. The sensitivity of the equipments was increased from 6 to 10 dacibels,
The overall gain was also increased, The greatest bemefit, however, is

derived from the reduction of interference from signals on nearby chennels,
The following table lists the overall gain and sensitivity of the modified

receivers,

RECEIVFR  SERIAL  MICROVOLTS IN  VOLTS OUT* MICROVOLTS SENSITIVITY

DAS-1 344 10 4.0 1.2
DAS-1 345 10 5.8 0.9
DAS-3 57 10 6.3 0.8
DAS-4 1 10 9.0 0.6
DAS 6 10 3.1 1.5
DAS 36 10 1.9 2.0
DAS 108 10 3.4 1.5
AY [APN-4 507 10 14,0 1.0
AN /APN-9 A15 5 9.6 0,75
AN /APF-9 A22 5 8.0 0.9

*As measured across the diode load with a vacuum tubs voltmeter.
TEMPERATURE TESTS

4. The eguipments were subjected to a temperature variation of 70 degrede
C (from -20°C to + 50°C). It was desired to determine the effect of the
drift of the local oscillator on the overall operation of the receiver.
Since the bandwidth has been reduced a change in the frequency of the loeal
oscillator will have a greater effect upon the output of the recelver then
before the reductinn of the bandwidth, S



5. The local oscillators ef the DAS-1 and DAS-3 receivers drifted 60 ke
over a 70 degree temperature range (reference plate 2), This caused the
center frequency (eg measured by the 6 db points) tosddft 47 kc, Ths
change in frequency of the local oscillator was positive with increase in
temperature. The DAS-1, and DAS~3 receivers have a sero temperature coef-
ficient condenser in the local oscillator, Sirce a positive temperature
coefficient condenser is needed to correct this drift of frequency with
temperature, & mica condenser was substituted for the zerc coefficient
condenser, since this type has been found to have a positive temperature
coefficient, This method of local oscillator control is similar to that
used in the DAS-4 receivers. The temperature drift of the local oscillator
was reduced to about 6 ke, the shift of the center frequency being reduced
to 5 ke (reference plate 2),

6, Similar temperature tests were conducted on modified DAS, DAS-4,
AN/APN-4 and AN/APN-9 receivers, The center frequency (average of the 6 db
points) did not shift an appreciable amount. The local oscillators of
these receivers were sufficiently stable with respect to temperature to
pernit operation with reduced bandwidth (reference plates 3, 4, 5, 6).

The center frequency of the DAS receiver showed the greatest variation,

The total drift was 15 kc. The others, however, did not show a frequency
change greater than about 8 ke,

DISCUSSION OF CIRCUIT CHANGES

7. The rsduction in receiver bandwidth may be accomplished in several
different ways. BReductions in the receiver video, i-f or r—-f bandwidths
could be made separately or tngether to achieve the desired overall result.
However, narrowing the videe is undesirable from anti-jam considerations,
Reducing the bandwidth of the r-f amplifier would be very desirable from
a standpoint of interference caused by signsals on adjacent channels but
this cannot be done because no change with exception to the AN/APN-g
receiver can be made on the r-f coils without physically changing their
shape, The AN/APN-9 receiver does, however, have damping resistors on
the r~f coils, but no noticeable reduction in bandwidth was obtailned by
a Cecrease in damping.

8. It was thersfore necessary to meke the bandwidth change in the i-f
amplifier. This will reduce imterference fron adjacent chamnels as well'
28 increase the sensitivity due to the narrower noise bahdwidth,

9. The i-f amplifiers used in Loran receivers wers designed to have an
overall bandwidth of about 75 ke. (This varies, depending upon the model),
Therefore, the best results cannot be obtained without change of the i-f
transformers; but the bandwidth can be reduced by changine the tuning and
damping of the i-f transformers, However, the skirt ratio is not as good
as could be eobtained with transformers designed specifically for the

purpose,



10, To obtain the wide band, the i~-f transformers were rather heavily
damped and coupled almost at critical coupling or slightly over-coupled,
On some of the receivers, the i-f stages were also stagger tuned, It was
found that by having the amplifiers peak-tuned with the deamping changed

to give the correct bandwidth, & poor skirt ratio usually resulted, Where
it was possible, the coupling was changed and the damping was reduced to
give the bandwidth desired,

11. Stagger tuning was not used, since it 1s difficult to set a signal
generztor plus and minus a few percent of the center frequency,

12, The reduction of the bandwldth increased the gain of the receiver and
tended to cause regeneration on the DAS models, The gain had to be reduced
by increasing the amount of cathede resistance,

13, The parts necessary to meke these modifications, though they cannot
be found in the spares, are of such nature that they could easily be
obtained from general stocks,

14, No effect upon the bandwidth due té the video amplifier could be
detected so no change was made on the videc arplifier,

15, These modifications were made on as many receivers as were availabdle
to deternine what tolerance would be necessary., The nunber of sets
modified are as follows: '

MODEL NUMBER MODIFIED

DAS-1
DAS-3
DAS-4
DAS-DAS-2
AN [APN-4
AN [KPN-3

DO 03 B

It was found that a variation of 45ke could be expected from receiver to
receiver due to manufacturing tolerances as well as slight differences
in the alignments. Since the alignment of the i-f amplifier is rather
critical, considerable care must be used 'and some differences in band-
width ars to be expected because of alignment variations.

MODELS DAS-1, DAS-3 AND DAS-4 JQUIPMENTS - (Manufactured by Fada Radio
and Zlectric Company of Long Island City, ¥.Y.)

16, The i-f transformers used in these equipments are slizhtly overcoupled
and the bandwidth of 65 to 80 kc was obtained by gtagzer-tuning, This

method cf obtaining the bandwidth is not desireble, because of the srrors that
occur vhen & signal generator must be set to close frequency tolerances.,



17, It was found that the ,coupling could be reduced by adding a capacitor
between the primary and secondary of the i-f transformers., This provided
capacity couplinz which oppoted the inductive coupling.

18, The transformers were tuned at 1050 kc. The bandwidth that resulted
on these equipnents was found to be 35 4 5 k¢ (reference plate 7)., There
ig scme variation in thig, due to manufacturing tolerances, and if an

exact bandwidth is desired, esach set modified would have toc be individually
adjusted,

19, It wag also found necessary to reduce the gain of the receivers slight-
ly to control regeneration, This was dene by adéing a 100-ohm resistor

in series with the gain contrel. It is believed that the gain of these
receivers is adequate with the changes proposed, If the Bureau of Ships
should find a need in the future for an inerease in gain, especially in
those recelvers which may show less regeneration, a simple further modifica~
tion should suffice. Resistor R-171A in nmedels DAS-1, and resistor R-271A
in Models DAS-3 and DAS-4 may be reduced in value from 100-ohns to as

little as zero ohms, provided regeneration is properly under control at

the full zain setting with good tubes, The Laboratory has set the gzain

at a conservative level because too few receivers were available for an
accurate estimate of the average tendency to regeneration,

20, It was necessary to improve the temperature-frequency characteristics
of the local oseillators in the models DAS-1, and DAS-3, The oscillators
of these equiprents had excessive drift which caused the signal to move

out of the i-f band. The frequency af the local oscillator increased with
temperature, The oscillators of these equipments were equipped with

zero temperature coefficient compensating capacitors., Since mica capacitors
have a slight positive temperature coefficient, the compensating condenser
was replaced by a mica type. This reduced the temperature drift of the
oscillator by a factor of about 10. This same method has previoasfy been
included in the model DAS-4 equipments,

DAS, DAS-2 FOUIPMENTS - Manufactured by General Electric Corpany of
Schenectady, N.Y,)

21, 1t was found that the band\!i:dth of the DAS, DAS-2 could be reduced
only to 50 + 10 ke. This was due to the close coupling in the i-f trans~
formers, This coupling cannot be changed withcut altering the shape of
the transformers, which would not be feasible as & field change, If a
bandwidth of 35 kc is desired, new i-f transformers must be supplied,

22, The subject modification should be made after the gain-balance modifica~-
tion (reference 3). The zain-balance modification effects a change in the
third i~f amplifier which nust be made before this modification will apply,

23, To reduce the bandwidth te 50 4 10 ke, the common impedance of the
primary and secrndary of the i-f transformers is reduced by shoriing the

" coupling ccndenser (C-412, C-418, & C-423 of T-401, T-403, & T-403), This

reduces the coupling as mueh as passible without physically altering
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the shape of the transformers. No appreciable change in the bandwidth
could be realized by decreasing the amount of damping, and since it is a
difficult job to change the damping resistors without damaging the i-f
transforners, it was not deemed advisable to make a change,

24, The gain of each stage must also be reduced to prevent regeneration,
The cathode resistors of V403, V404 & V405 are increased from 270 ohms to
470 ohms and a 100-ohm resistor is added in series with the gzain control.

25, The i~f amplifier is peak~tuned at 1060 kc., This operation is rather
critical and considerable care must be used to insure satisfactory results,

26, This completes the modification. The changes are such that they cen
be accompliBhed in the field. The parts needed, mlthough they cannot be
found in the spares, are such that they could be obtained from general
stocks.

27, A bandwidth of 50 4 10 kc should be the result of the modification.
The skirt ratio should be spproximately 4.5 (referencs plate 8).

AN [APN-4 FOUIPMENTS - (Manufactured by Philee Corporation, Fmerson Radio
and Phonngraph Corp, and possibly other Uanufacture)

28, Previous nodifications of this equipment have reduced the bandwidth
from 100 ke to 55 kc. To do this the Q of the transformers was increased
by increasing the size of the damping resistors, The gain was decreased
slizhtly to corpensate for the inmcrease in gain due to increase in Q.
This methed of modification left the transformers slizhtly over-coupled
and when the primary and secnndary were tuned to the same frequency, a
bandwidth of about 55 ke¢, 6 db*down, resulted,

29. The coupling of these transformers cannot be changed withrut changing
their physical shape., It was also found that decreasing the damping of
the secondary did not reduce the bandwidth but a doudble hump response
curve resulted. The reduction of damping also caused the recsiver to
regenerate badly,

30, It was found thet the bandwidth could be reduced satisfactorily by a
different method of tuning from that used in a previous modification,

The transformers are povak<tuned at 1060 ke, This reduces the bandwidth
to 35 kc and reduces the bandwidth (at 60 db down) appreciably, The
skirt ratio is about 4,66 (reference plate 9), which is not too great,

AN/APN-9 FQUIPMFNTS - (Manufactured by Radie Corporation of America, Camden,
N.J.).

31, Before modification, the bardwidth of the ANW/APN-9 & XIBS equipnents
was from 50 to 75 ke, This width was accomplished by Famping of the i-f

transformers. The change in bandwidth was accomplished by decreasing the
“damping, which increased the Q of the coils, This increase in Q allowed -



the i~-f amplifier to be alizned to sive the receiver an overall bondwidth
of 35 + 6 ke, The skirt ratio increased only slizhtly, the value being
4,33 (reference plate 10).

32, There was some increase in gain dus to the higher Q of the i-f trans—
formers, and the sensitivity was also imprrved, No tendency to resenerate
was noted,

33, To reduce the bandwidth, the damping resistors R107, R112 and R116
were changed from 47K to 68K ohms. These are mounted on the tube sockets
and easily changed. This completes the modification, except for m-align-
ment,

34, The i~f amplifier is then re-aligned at 1100 kc by peaking the trans—
formers, The bandwidih should then be zbout 35 ke.

35, The r-f bandwidth was not reduced, as no effect could be
noted on the overall selectivity when this was done.

36, These modifications would also apply to the DBS equipments.
CONCLUSIONS

37, Fron the forezoing tests and investigations, it is concluded that it
is practical to reduce the bandwidth of Loran receivers by modificatirus

in the field, While the methods of change are not difficult, the re~align-
nent is critieal and nust be done with exireme care. The results that

are cbtained will not be as jood as would be obtained with transformers
desisned specifically for the purprse, but neverthsless the result appears
entirely satisfactery.

RECOMYENDATIONS

38, It is recommended that Lrran receivers be modified to narrower band-
widths in the field, in accordance with the instructions of appendices 1-4,
inclusive., I% is further recommended that future Loran feceiver purchases
provide for redesigned i-f transformers to provide the desired bandwidth,
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APPINDIX 1

CTION OF BANDWIDTH FIXLD CHANGE FCR LORAN RECEIVER
INDICATOR MODELS DAS-1, DAS-8, AND MAS-2

- e e =

ABSTRA

The object of this field change is to reduce the effects of interfer-
ence to Loran signals by decreasing the bandwidth of Xoran Receiver Indice~
tor Models DAS-1, DAS-3 and DAS-4 equipment manufactured by Fada Radio and
Electric Company, Long Island City, N, Y. This field change gives practical
field methods and complete instruction for reducing the overall bandwidth
of Loran Receiving Equipment, Models DAS-1, DAS-3 and DAS-4 from a total
bandwidth of about 85 kilocycles to a reduced bandwidth of about 35 kilo~

cycles.
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THEO F_OF 10K

1. The everall bandwidth measured 6 decibels from maximum response is
reduced from abeut 85 kilocycles to about &5 kilocycles dy reducing the
coupling ef the intermediate frequency transformers and using a new methed
of i~-f alignment, The coupling of the i-f transformers is reduced by
adding capacity coupling which opposes the inductive coupling caused by
the mutual inductance of the primaries and secondaries of the i~f trans-
formers, With reduced coupling, the effect on the secondary tuning caused
by tuning the primary is reduced, so that a simpler method of i-f align~
ment is feasible., The new method of i-f alignment censists of tuning beth
primary and secondary of each transfermer at 1080 kilocycles, starting
with the last i~f stage and working forward, The narrew bandwidth increased
the maximum receiver gain, giving a greater change in gain per degree of
rotatlon ef the gain control. This conditisn should be eliminated by
adding a 100-obm 1 watt resistor in series with the "Gain" potentiometer.

2. In DAS-1 end DAS-3 Models, the frequency drift of the local oscilla-
tor, due to temperature, is objectionable for a 35 kilocycle bandwidth,
This is corrected by replacing a zere temperature coefficient capacitor
in the local escillator circuit with an uncompensated mica mapacitor,

3. List of Touipment Necegaary:

(1) BHigh impedance D,0, Voltmeter with characteristic similar te
RCA Volt Ohmyst Junier.

(2) sSignal Generator capable of producing 1050 ke and 1700 to 2000
ke with calibrated output frem 1 micrevolt to 1 volt., Also a

0,01 microfarad isolating capacitor and means for adding enough
series resistance to give the generator a 50~ohm output impedance,

(3) One 0.05 microfarad capacitor for shorting lecal oscillator
during i~f aligmment,

4, L Pa &

(1) Pour 5 microfarad capaciters (Ceramicon type preferred), howsver
a smell mica type can be used.

(2) One 100-ohm, one watt resistor.

(3) DAS-1 and DAS-3 Models only. - One 250 micro-microfarad mica-
capaciter.

Time Nesessary to Complete Modification: 3-man hours.



PROC FOR FIELD

5, V¥hen tube and circuit component numbers are given, the numbers will
refer to Model DAS-1 equipments., To obtain actual numbers for the Models
DAS-3 and DAS-4, 300 must be added, For example, V-1 would indicate V-301
in Model DAS-Z and DAS-4 squipments,

a., Remove Receiver Unit from its dugt cover. Place on work bench or
table, i

b. Remove i-f shield cans of T-1, T-2, T-3, snd T-4, by removing two
nuts and lock washers on top of each i-f shield can, and remecving two
nuts and lock washers underneath the chassis holding each i-f shield can.
(Note: Care must be exercised in removing shield cens in order not to
damage i-f transformers),

¢s Install a S5-micro-micrnfarad coupling capacitor in T-1 so that the
shield can may be replaced by comnecting the capacitor between the plate
end of the primary coil and the grid end of the secondary coil, placing
the body nf the capacltor between the corner support wire and coil form
in Nodels DAS-1 and DAS-3, also in Models DAS-1 and-DAS~3, cepacitor leads
shruld be soldered to the support wires which correspond to the plate end
nf the primary coil and the grid end of the secondary coil, In Mndel DAS-4,
capacitor leads should be soldered to the top end of the plate and zrid
terminals, with the body of the capacitor close to the ceil form, (Note:
Care must be exercised in the installation so that short circuits will
not occur when the shield can is replaced) After the capacitor has been
installed, all soldered joints should be inspected for good electrical
contact, and the c¢oil winding connections examined to ascertain that they
have not been disturbed),

d. Install a 5-picro-microfarad coupling cepacitor im T-2 by the proce-
dure given in step (¢) above,

e, Install a 5-nmicro-nmicrofarad coupling capacitor in T-3 by the proce-
dure given in step (c) sbove,

f. Install a &-micro-microfarad coupling capacitor in T-4 by the proce~
dure given in step(o)above, except that in this trgnsformer the grid end
of the secondary coil will be crnnected to the detector plate pin 3, tube
v—ﬁ.

g. Replace the i-f shield cans,

h, Models DAS~] and DAS=%Z Only: - Locate 0-36, the 250 micro-miernfarad

zero temperature coefficient capacitor, in the local oscillatnr circuit,
Replace C-36 with 250 nmicro-microfarad mica capacitor (uncempensated),

i, [Mndels DAS~3 and DAS-3 Only: = Pull the indicator unit part way out

- of the dust cover. Locate the gain potentiometer R-171 in DAS-1, or R-271



in DAS-3 behind the front panel on the left side, remeve the ground wirs
connected to the center top of the gain potentiometer and insert a 100-
ohm one watt resistor between the center top of the gain potentiometer and
ground, Designate this resistor R-171-A on Mndel DAS-1, and E-271-A on
Model DAS- Be

Jo Model DAS-4 Only: - Locate resistors BR-311 and R-314 en the large
center terminal board E-303 underneath the receiver chassis, Disconnect
the white wire with brown tracer on the opposite side of E-303 commected
to the junction of R-311l and R-314 through the terminal board, Install
an insulated soldering lug on the front end of the terminal beard B-303
and on the opposite side from resistors R-311 and R-314, Use the top
bolt, which secures the terminsl board E-303 to the front support bracket,
as a mounting support. Comnect the white wire with brown tracers to the
newly installed soldering lug. Connect a 100-ohm one watt resistor between
newly ingtalled seldering lug and the junction of the resistors R-31l1 and
R-314, Deasignate thig resistor R-271-A,

I-F AL P

6, Set up the Receiver-Indicator for bench operation, less antemna, with
the receiver removed from its dust cover, turn power switch "ON", allow
the receiver one-half hour to reach a stable operating temperature before
starting the i~f alignment,

7. Set the Receiver Gain Control on the indicator at maximum (fully
clockwise), and the amplitude balance control at the center of its rangs,

8. Short out the cscillator voltage during the i-f alignment, to prevent
interference frog the oscillator, by connecting & 0,05 nicrofarad capaci-
tor between the grid pin 5 of tube secket X-2 and ground,

9. Connect a high impedance od%put meter to read negative voltage output
at the second detector. On Models DAS-1 and DAS=3, connect the meter %o
the top left (Model DAS~4, left center) terminal of the filter "IN -

"OUT™ switch, located behind the front panel of the receiver unit, Operate
the output neter on the 10~-volt scale with a neminal signal indication of
five volts. Whenever conditions are changed, adjust the sigznal generator
output, which is being fed to tho stage under adjustment, to maintain a
nominal gignal indication of five wolts,

10, Connect the output lead of the signal generator to pin 4 of tube
socket X-5 through a 0,01 microfarad isolating capacitor and comnect the
ground lead of the signal generator to the receiver chassis,

11. Set the signal generator frequency at 1050 kilocycles, Adjust the
output of the generator to give 5 vnlts indication on the output meter,

12, Turn the bottom (primary) screw of transformer T-4 wntil maximum

output is indicated on the meter. Adjust the top (secondary) screw of the
- transforner T-4 for maximum output on the meter. (Note: In the adjust=

-3



ment of the primary end secondary screws, always use the first peak
obtained as the screws are turned into the coil),

13, Connect the signal generatar, set at 1050 kilocycles, to the grid,
pin 4 of tube socket X-4, through a 0,01 microfarad isolating capacitor,

14, Adjwt the bottom (primary) and top (secondary) screws of T=3 for
maximum indication on the output meter,

15, Connect the signal generator, set at 1050 kilocycles, as before,
to the srid, pin 4 of tube socket X=3, throush.,a N,01 hicrofarad isclating

eapacitor,

16. Adjust the bottom (primary) and top (secondary) screw of T-2 for
maximum output on the meter,

17, Connect the signal generator, set at 1050 kilocvcles as before, to
the zgrid, pin 8 of tube socket X-2,

.18. Adjust the bottom (primary) and top (secendary) of T-1 for maximm
output as indicated or the mster,

19, Disconnect the 0.05 microfarad capacitor from pin 5 of a tube socket
X~2 and ground,

20, This completes the i-f alignment, It will now be necessary to align
the local osclllator on all four bands, This can be accomplished by

using the procedure given in instruction books under "Alignment of Oscilla=
tor®, :

21, Check the overall bandwidth of the receiver using the output meter
connected across the second detector load, as in the i-f alignment, Connect
the signal generator to the antenna jack through enough series resistance
to give the signal zenerator a 50-ohm output irpedance and adjust its
output to prnduce five volts plus noise voltage, at the output meter,

The signal generator fregquency is set at the frequency of the channel being
checked, Then increase the signal generator voltage twe times and note

the generator frequency above and below the chammel frequency which give
the same output at the meter (five volts)., The difference between the

two gives the bandwidth at two times the input (6 db). The correct band-
width is 35 ¢ 5 kiloecycles,



The object of this Field Chance is to reduce the effects of inter—
ference to Loran signals by decreasinz the bandwidth of Loran Receiver—
Indicators, Models DAS and DAS-2, manufactured by General Flectric Company,
Schenectady, New York, This Field Change zives proctical field methods
and complete inatructions for reducing the overall bandwidth from more
than 85 k¢ at 6 db down to approximately 50 kc at 6 db down,
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IHFORY OF OPERATION

1. The modifiecation consists of decreasing the bandwidth of each i-f
transformer by removinz the over-coupling caused by the common capacitor
of the prinary and secondary, which leaves only mutual inductance coupling,
This increases ths gain of the i-f amplifiers beyond a usable level, Tn
elininate this and make the receiver more stable, the cathode resistors
should be increased from 270 ohmsg to 470 ohms and a 1Nf-ohm resistor
inserted on the ;round side of the "Gain" potentiometer.

2, LIST OF PARTS

DESCRIT TION ANTITY
470 ohm one-helf watt resistor 3
1n0 ohm one-half watt resistor i
3. LI ¥ U L EOLSSARY

(1) A high impedance D,0, Voltmeter with characteristic similar to
R.C.A, Volt Ohmyst Junior.

(2) A signal generator capable of producing 1080 ke and 1700 to 2nen
ke with calidrated output from 1 microvolt to 1 volt, Also e
0,01 microfarad isnlating capacitor and a means for adding enoush
series resistance to zive the signal zenerator a 5G=chm output
impedance.

Tine Wecessary to Complete this Field Change: 4 man-hours

4, P edure for T
a, Disconnect the input power lead.

b, Remove the Receiver = Fower Supply Unit from cabinet and place right
side up on a table or on top of the cabinet,

¢, Remove the shield or cover from the receiver, This shield is held
in place by screws at the four corners on top, and two screws on the
right-hand side (facingz the front panel), The two leads to the space
heater, also on the right-hand side, must be disconnected,

d, On the underside of the receiver tube chassis, between successive
A-f tube sockets, locate three small terminal boards, on each of which
ona terminal marked A1, A2, or A3 will be found, ground each of these
(Al, A2 and A3) to the adjacent ground terminal with a short lenzth of
bus wire.

8. Locate R-408, a 270 resistor connected between pin 5 of tube sccket
X-403 and zzin bus, Replace R-4n8, a 270 chm reeister with = 470 ohm,
one=half watt, resistor, "



f. locate F~411, a 270-ohm resistor connected between pin 5 of tube
socket X-4n4 and the ~ain bus. Replace R-411, 270 ohm resistor with a
470 ohm, one-half watt resigtrr.

g. Locate B-442, 270-ohm resistor connected hetween pin 5 of the tube
sncket X-405 and the 7ain bus at B-411, (Note: This resister was added by
the latest "Gain Balance Modification"), Replace R-442, 27n-ohm resistor
with a 47"-chm one balf-watt resistor,

h, Chanze the values shown on the schenmatic diazram for R~4n8, R-411
and R-442 from 270 ohms to 470 okms.

1. On the schematic éiagram show Al, 42, and A3 terminals srounded,

Je  Remove the indicator unit from the cabinet and place it upside down on
a teble or on top of the cabinet. Remove the bottom plate or shield,

k, Locate the "Gain" potentiometer R-214, remove the ground lesd, and
insert a 1NN-ohm, one~half watt resistor from the former ground side of
the potentiometer to ground, Designate this resistor BR-214-A on the
schematic diagram, '

£. Replace the bottom plate or shield.
m, Replace the indicator unit in the cabinet,

n, Before connecting the power cord be sure that the space heater leads
on the right of the receiver are not touchinz the chassis or each other.
Connect the power cord, (Note: When the power switch locatsd on receiver
power supply unit is "OFF®, 110 volts is supplied to the space heater
leads), Turn the power "ON", This completes the modification except for
the alighment of the intermediate frequency amplifiers,

o. Before starting the i-f alignment, allow the receiver one~half hour
to reach & stable operating temperature with the power switch "ON".

¢. FPor the i-f aiignment. connect a hizh impedance d-c voltmeter (Volt
Ohmyst Junior) to pin 5 of tube socket X-406,

de Detune the Wave Traps, by screwinz the sluzs nf 1-401 and I-4r2 well
4n, and 1I-403 well out.

*, Connect the signal gemerator thrnush a 0,01 mierofarad series isolat-
inz cpacitor to pin 4 of tuhbe V-405, which is the grid of the last i-f
amplifier, Set the siznal generator frequency at 1060 ke, with approxi=
mately one volt output, Set the "Receiver Gain® for maximum, full clack-
wise position, and the Gain Balance at mid-ranze., Remove the antenna

cable, Adjust the signal generator output to give an output meter reading,
at pin 5 of tube V-4n6, of 5 volts zreater than noise output, (Note: Noise
output can te obtained by reading the output meter with no signal applied

-3-



from the signal generator. Tune the primary and secondary of T-404 fop
maximum output while decreasinz the input from the siznal zenerator to
maintain 5 volts cutput above the noise output.

8. Oonnect the signal generator to the zrid, pin 4 of tube V-404, tuned
at 1060 kc, Decrease the outvut to zive 5 volts output abeve the noige
level. Tune the primary and secondary of T-403 for maximum output,

¢, Connect the signal generator to the zrid pin 4 of tude V-4n3, tuned
at 1060 ke, Decrease the output to zive 5 volts output above the noise
level. Tune the vrimary and secondary of T-40§ for maxinum output.

u, Connect the signal generator, tuned at 1760 ke to zrid pin 8 of tube
V-402. Decrease the output to give 5 volts output above the noise level,
Tuns the primary and secondary of T-4nl for maximum outout.

v, Alizoment of wave trapg: - Connect the signal zenerator to the
antenna input jack, adding enoush series resistance to zive the zenera-
tor a 5n~ohm output impedance, The output meter should be connected as
above in i-f alignment.

w., Using a strong siznal from the signal zemerator at 1050 ke, tune
L-4r1, the first trap behind the front pamel, to give maximum rejection
to thig frequency, The maximum rejection will appear as minimum voliasze
reading on the output meter; therefore, increase the signal as much as
is necsssary.for accurate results,

X, Usine a strong signal from the Zenerator at 1MB0 ke tune L-402 to
zive minirmum output from receiver,

¥. Usinz a strong signal from the zenerator still connected to antenna
input at 1070 ke, adjust L-403 for minimum output.

z. Should oscillaticns occur at full zain, a slight readjustment of the
weve traps will normally stop these oscillations, This completes the
alignment of the 1-f amplifiers and wave traps.

aa, Align the r-f stages and locel oscillator by the method ziven in the
instruction book under maintenance,

bbe Check the receiver bandwidth by the methed given in the ingtruction
bork under naintenance. The receiver bandwidth should fall between 40

and 60 kc at 6 @b down with an average center frequency {+ 3 kc) of the
band frequency concerned, (Note: The average center frequency is obtained
by adding the two freguencies, formerly substracted for bandwidth deter-
mination, and dividing by two. If the bandwidth fails to fall hetween

the limits above, the complete i.f. and wave trap aligmment will have %o
be repeated with creat care., However, 1f the bandwidth is within limits
and the average center frequency is in error by more than 4 3 ke, 2
readjustnent of the wave traps and local ogcillator should dbring the center
frequency within the above limits).



cc, The step above completes the Field Chanze. Disconnect the power cord
to eguipment,

dd. BReplace the metal shield, or cover on the receiver and reconnect the
two leads to the space heater,

ee, BReplace the Receiver-Power Supply Unit in the cabinet and reconnect
the antenna cable, and power cord,



AB CT

The object of this Field Change is to reduce the effect of inter-
ference to Loran signals by decreasing the bandwidth of Model ROA/APN-4
and R9B/APN-4 Receivers, manufactured by the Emerson Radio and Phono-
graph Corp, The field change described in this report decreases the
pass band of the intermediate frequency amplifier from a minimum of 45
kc and maxirmum of 60 ke at 6 db down to a minimum of 30 ke and & maximum
of 37 ke at 6 db down, by changing the method aligning the i,f, This
method of reducing the bandwidth is not the most desirable, However,

a nore desirable method would involve changing major components, making
necessary a field change kit,

-



THEORY OF OP 1

1. Previous modification III for Receiver Model ROA/APN-4 reduced the
pass band of the intermediate frequency amplifiers from about 100 kc 6 db
down to about 55 kc at 6 db down. This was accomplished by increasing
the Q of the secondary on the existing i-f transformers and reducing the
gain of each i~-f stage, by increasing the cathode and screen grid resistors,
This compensated for the increased gain caused by the higher Q's of the

i-f tranaformers, Modification III left the i-f transformers slightly
over-coupled and the §¥s of the primary and secondary unequal, The align-
ment method given in the instruction book makes it possible to aliga both
primary and sacondary at the same frequency. This gives a frequency res=
ponse curve with a relatively flat top extendingz 25 to 30 kc on either
sifle of center frequency, and in some cases a glight deuble peak will
appear on the response curve, charscteristic of over-coupling in i-f trans-
formers. The method of alignment in this report causes a small amount

of detuning, and the primary and secondary of the i-f transformers are no
longer tuned at the same frequency. The effect of thig detuning is to
enlarge one of the pezks appearing on the response curve, causing ths other
pesk to disappear, The final response curve has one sharp peak with the

6 db down points spaced 30 to 37 ke apart.

2, LIST OF FUIPMENT NECESSARY

(1) RHigh impedence D.C. Voltmeter with characteristics similar te
R.C.A, Volt Ohmyst Junior.

(2) signal Generator capable of producing 1060 ke and 1700 to 2000
kc with calibrated output from 1 mierovelt to 1 volt. 4lso a 0.0l micro-
farnd isolating capacitor and a means for addinz enough series resistance
te zive the zgenerator a 50-ohm output impedances,

Time Necessary to Complete Modificztion: 2 man hours.

PROCEDURE FOR FIELD CHANGE
3. The necessary steps are as follows:

a, Set up the receiver and indicator for bench operation, less antenna,
renove the dust cover, The power switch should be in the "OFF® position,

b, Before proceedinz, ascertain that modification III has been per
formed. '

¢. Renove the r~f amplifier tube V-101-1,
d. Adjust the "Gain" control to approximately three-fourths maximum

zain and center the amplitude balance control. These controls are on
the indicator unit.



8. Set the high impedance voltmeter on the negative 5~ or 1o-volt scale,
Connect. the common leed to the chassis and other lead to pin 5 of tube
V=103,

8 Connect the ground lead of the signal generator to the receiver chassis
and the output lead to pin 4 of tube V-101-4 through a 0,01 microfarad
isoleting cepacitor,

g Adjust the siznal generator freguency to 1060 kc, Set the output to

approximately one volt (at 30 percent, 400 cycle modulated if the signal
generator hes provisions for modulated cutput),

h, Turn the equipment "OF' and allow & 30 minute warm-up period before
making adjustments.,

i. Adjust the top (primary) of transformer T-103-4 for meximum output,

Jo Adjust the "Lower" (secondary) of transformer T-103-4 for maximum
output,

k. Readjust the top (primary) of transformer T-103-4 for maximum output,

B. Connect the signal generator output lead to pin 4 of tube V-101-3,
gti1l tuned at 1060 ke.

m, Readjust the signal generator output as necessary tec give an output
neter reading of approximately 5 volts, as tuning adjustments are made.

n, Adjust the "Top" (primary) then "Lower® (secondary) of transforner
T-103-3 for maximum output.

0. Comnect the signal gemerator (1060 kc) output lead to pin 4 of tube
v—101-2.

p. Readjust the siznal generator output as in step {m)above,

g Adjust the "Top" (primary) then "Lower® (secondary) of transformer
T-103~8 for maximum output.

: 8 Detune the wave trap 2-104-2 by screwing the 8lus all the way in,

s, Connect the signal generator (1060 kec) ocutput lead to pin 8 of tube
v-102.

t. Readjust the signal generator output as in step(m} above,
u, Adjust the "Top" (primary) of tramsformer T-103-1 for maxirmn output.

Then 2djust the "Lower® (secondary) for symmetrical response on both
sides of 1080 ke.



v, 1=f bandwidth check: At frequencies approximately 15 to 20 kilocycles
above and below 1060 kilocycles, (or frequency which gives maximum meter
reading), the output meter reading should be cne-half that at maximum
response,

we Adjust the wave trap by the procedure given in the instruction book.
X, Replace tube V-101-1,

y. Align the radio frequency components by the procedure given in the
instruction book under "B-F Aligmment",

REMARKS

4, Arter completion of the sbove aligrment, a final bandwidth check should
give results within the followlnz limits,

BANDWIDTE
Ratio® Min. Max, DB
2 30 ke 37 ke 6
10 50 ke 75 ke 20
100 90 ke 120 ke 40
1000 145 ke 175 ke 60

‘v
Voltage input at resonance

If the bandwidth does not fall within the shove limits, repeat the alim-
ment procedure, checking the bandwidth at each i-f stage, and adjust the
primary and second~ry tuning to gzive as narrow and symmeterical & response
as possible,



APPENDIX 4
REDUCTION OF BANDWIDTE FINLD CHANGE FOR RADAR

SET AN/APN-9 AND LORAN RECEIVER INDICATOR
MODEL X-DIBS

ABSTRACT

The object of the Fielf Ghange iz to reduce the effects of inter-
ference to Loran signals by decremsing the receiver bandwidth of Model
AN/APN-9, and Model X-DBS, ranufactured by the Radio Corporation of
America and the Radio Marine Corporation of America, This Field Changs
gives practical field methods and complete instruction for reducing the
over-all bandwidth of Loran Receiving Fquipment, Model AN/APN-9 and
Model X-DBS, from an overall bandwidth, measured 6 db from maximum
response, 50 to 75 kilocycles to a reduced bandwidth, 30 to 37 kilocycles.

—.a—s



THEORY OF QPERATION

1, The over-all bandwidth measured 6 db from maximum response was reduced
from 50 %o 75 ke to 30 to 37 kc by increasing the value of the damping
resistors used on the secondaries of the intermediate frequency trans-
formers, from 47 thousand ohits to 68 thousand ohms, end changing the method
of aligning the i~f amplifier. Increasinc the value of the damping resis-
tors caused the Q's of the i:f. coupling circuits to increass, The in-
creased Q's, in effect, decrease the coupling of the i-f transformers,
which reduced the band-pass of the i-f coupling circuits, This, with the
new method of i-f alignment given in this field chanze, reduces the over-
all bandwidth the desired amount.

2, List of Equipment Necessary:

(1) High impedance DC Voltmeter with characteristic similar to
R,C.A, Volt Ohmyst Junior.

(2) Signal Generator capable of producing 1100 kc and 1700 to 2000
kc with calibrated cutput from 1 microvalt to 1 volt, Also a N.N1 micro-
farad isolating capacitor.

3. List of Parts Wecessary:
Description Quantity
68,000 ohms, one-half watt Resistor 3

Time Necessary to Complete Field Changs: 3 man-hours, using experi-
enced personnel,

Procedure for Field Chanze
4, The steps necessary are as follows:

- Set up receiver indicator for bench operation less antenna, Remove
dust cover. The power switch should be in "OFM™ position.

b. Place the Receiver Indicator on its left side and remove the shield
on the right side held in place by 8 screws, On the back of the shigld an
alizning teol will be found for use in alignment of receiver.

c. Locate R-107, 47,000 ohms, connected betwsen pin 4 of tube socket
X-103 and zround, Replace R-107, 47,000 chms, with a 68,000 ohm one-half
watt resistor.

d, Tocate R-112, 47,000 ohms, connected between pin 4 of tube socket
X-104 and around, Replace R-112, 47,000 ohms, with a 68,000 chnm one~half
watt resistor.



es Locate R-116, 47,000 ohms, connected between pin 4 of the tube gocket
X-105 and ground, Replace R-116, 47,000 ohms, with 68,000 ohm one-half
watt resistor.

f, Change the values shown on the schematic disgram for B-107, R-112
and BE-116 from 47,000 ohms to 68,000 ohms,

& Turn the power "OF', Allow the receiver one-half hour %o reach a
stable cperating temperature before starting the i-f aligznment,

he Cormect the high impedance dc output meter to pin 1 or 2 of tube

socket X-106 to read the negative voltaze output of the second detector.
Operate the output meter on the 10 volt scale with a nominal signal indica—
tion of five volts, Whenever conditions are changed, adjust the generator
output which is applied to the stage under adjustment, to maintain a

S5-volt working level. To ottain steady noisefree meter readings, keep

the output level of the generator as low, and the "Receiver Gain" control
as high, as the local noise condition permits., As a check for nolse indica-
tion on the meter, read the meter with no signal applied. The meter
reading should not excesd one volt.

i, Connect the zround lead of the signal generator to the receiver chassis
and the output lead to pin 4 of tube socket X-105 through a 0,01 micro-
farad igsolating capacitor.

Jo Adjust the signal generator frequency to 1100 kilocycles, Set the
output to give the proper readingz on the output meter (5 volt), If the
signal generator has nrovisions for modulated output, use 400 cycle modula-
tlon at 30 percent,

k. Adjust T-110 primary (top) and secondary (bottom) for maximum nutput,
Because of interaction it will be necessary to mpeat the adjustments several
times to obtain a maximum output.

£e Connect the siznal generator to pin 4 of the tube socket X-104 and re-
duce the imput to obialn the proper level on the output meter,

=, Adjust T-1M9 primary (top) and secondary (bottom) for maximum output,
Reneat this until an adjustment of either primary or secrndary fails to
increase the output,

n. Connect the signal zenerator to pin 4 of tube sccket X-103, reduce
the input to obtain the proper level on the output meter,

o. Adjust T-108 primary (top) and secondary (bottonm), first ome, then the
other, until an adjustment of either primary or secnrndary fails to increase
the output,

p. Connect the signal zenerator to pin 8 of tube socket X-102, and reduce
the input te obtain proper level on the output meter,



qs Adjust T-107 prinary (bottom) and secondary (top) for maximum output,
Check the symmetry of the response curve, by readirg the cutput with the
signal generator tuned 15 ke below and 15 ke above 1100 ke of the frequency
which gives maximum response. The output readings should be equal, If
not, readjust the primary and secondary of T-107 to obtain the desired
symmetry, Should great difficulty occur, see the procedure ziven at the
end of report under remarks, '

r. In step(s) above, if the maximum response was obtained st & frequency
other than 1110 ke, the wave trap will need adjusting,

8. Yave trap adjustment: Set the sigﬁal generator to the frequency which
zave maximum response in step (g) absve, Connect the siznal generator output

to pin 4 of tube socket X-101, adjust T-103 "Fop® fnrr minimum output,
increasing the receiver zain and generator output as needed.

t, Radlo frequency and oscillator alisnment should be performed at this
time, FHowever, it is only necessary to adjust the nscillator. This
should be done by the procedurs glven in the instruction book.

1. Restore the shield and replace the dust cover,

RIMARKS

5. - Should great difficulty occur in obtaining a symmetrical regponse,
repeat step (k) through step o) avove, checkinz the symmetry of response

at each staze, and adjusting the primary and secondsiry of the i-f trans-
formers concerned, to zZive proper symmetry. .



FIG. A BAND WIDTH 76XC

FiG. B BAND WIDTH 55KC

Fig. C BAND WIDTH 37KC
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