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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. .1 recent report of the :Bureau of Standards 
indicated that the over all band.Yid th could be reduced to 30 kc Wi tho~t 
appreciably effecting the pulse shape ( reference 2) .. 

It was found that a 30 to 40 kc bandwidth could be obtained on the 
DAS-1, DAS-3, DAS-4, AN /APN-4. AN/APN-9 receiv(trs, The minlmwn bandwidth 
obtainable with the DAS and llAS-2 i-f transformers was found to be 45 kc. 

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

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

The specific instructions for the field changes of each model are 
contained in the appendices. 
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INTlllWQTIOli 

1. The reduction of the banclvidth of the Loran recehers is obtained by 
decreasing the damping and coupling of the i-t transfol'!Ders, as well aa 
eliminating the stagger tlllling 0£ the i-f stages. This method of bandwidth 

.reduction is similar for all Loran receivers and is of suc:h nature that it 
could be made in the field. 

EFFECTS OF 1Wn11IMH REIUCTION 

2. The Loran pulse suffers little or no distortion due to the decreased 
bandwidth of the receiver. The bandvidth maybe as narrow as 30 kilocycles 
without seriously affecting the usefulness of the pulse (reference 2). 
Plate 1. figure (~) shows a pulse supplied by a Loran T&;251/TJP test signal 
gonerator as vi~wed on an indicator of a DAS-4 receiver whose bandwidth is 
76 kc. J'igu.re (b) shows the same pulse which has passed through a receiver 
whose bandwidth has been reduced to 55 kc. Figure ( c) shows the same pulse 
after being passed through !1 receiver whose bandwidth is ~ kc. It 1s 
evident that there is little er no change in the pulse shape. The rise 
time wa.s only slightly increased by reduction in bandwidth. 

3. The sensitivity of the equipments was increased from 6 to 10 decibels. 
The overall gain was also increased. The greatest benefit, however, is 
derived from the reduction of interference from signals C'ln nearby channels. 
The following table lists the overall gain and sensitivity C'lf the oodified 
receiTers. 

RECEIVER SERIAL MI ClpVOLTS IB VOLTS OUT• MICIIDVOLTS SENSITIVITY 

DlS-1 344 10 4.0 1.2 
DAS-1 345 10 s.a 0.9 
DAS-3 57 10 6.3 o.a 
DAS-4 1 10 9.0 0.6 
DAS 6 10 3. 1 1.5 
DAS 36 10 1.9 2.0 
DA.S 108 10 3.4 1 . 5 
AN/APN-4 507 10 14.0 1.0 
AN/APN-9 Al5 5 9.5 0.75 
AN/AP'II-9 A22 5 e.o 0.9 

• As measured aero s s the diode load with a vacuum tu.be voltmeter. 

TM>ERAT'Ull TESTS 

4. The equipments were subjected to a temperature variation of 70 degree 
C (frOl!l -20°c to + 50°c). It was d\sired to detemne the effect of the 
drift of t h e local oscillat~r on the overall operation of the receiver. 
Since the bandwidth has been reduce~ a change in the frequency of the local 
oscillator will have a greater effect upon the outmit of the receiver then 
before the red.ucti~n of the bandwidth. -



5. 'l'he local oscillators of the DAS-1 and DAS-3 receivers drifted 60 kc 
over a 70 degree temperature range ( reference plate 2). Thia caut,ed th$ 
center frequency (aJJ measured bT the 6 db points) ti, ahlft 47 kc. The 
change in frequency of the local oscillator was positive with increase in 
temperature. The DAS-1, and DAS-3 receivers have a zero temperature coef­
ficient condenser itl the local oscillator. Sime a positive temperature 
coefficient condenser is needed to ccrrect this drift of frequency with 
temperature, a mica condenser was substit uted for the zero coefficient 
condenser, since this type has been found to have a poaitive 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 kc, the shift of the center frequency being reduced 
to 5 kc (reference plate 2). 

6. Similar temperature tests were conducted on modified DAS. DAS-4, 
AN/AP'N-4 and AN/APil-9 recehers. The center frequency (average of the 6 dl> 
points) did not shift an appreciable amount . The local oscillators of 
these receivers were sufficiently stable with respect to temperature to 
permit operation "1th reduced bandwidth (reference plates 3, 4, 5, 6). 
The center frequency of the ll!S receiver showed the greatest Yariation. 
The total drift was 15 kc. The others, however, did not show a frequency 
change greater tlum about 8 kc, 

DlSCUSSIOlf OF CIRCtJIT CHANGES 

7. The reduction in receiver bandwiclth may be accomplished in several 
different wa:,s. Reductions in the receiver vicleo, i-f or r-f bandwidths 
could be made separately or tngether to achieve the desired overall result. 
However, narrowing the video is undesirable from anti-Jar:, considerations. 
Reducing the bandwidth of the r-~ amplifier would be very <"esirable from 
a standpoint of interference caused by signals on adJacent channels but 
this cannot be done because no change with e:z:c&ption to -the AN /JPlf-9 
receiver can. be nade on the r-f coils without physically changing their 
shape. The AB/AP"JJ-9 receiver does, however, have damping resistors on 
the r-f coils, but no noticeable reduction in bandwidth was obtained by 
a decreaee in damp1n,;. 

a. It was therefore necessar.r to make the bandwidth change in the i-f' 
amplifier. This will reduce interference froo adjacent channels as well• 
~s increase the sensitivity due to the narrower noise bandwidth. 

9. The 1-f amplifiers used in Loran receiTers were designed to have an 
(')Veral.l bandwidth of about 75 kc. (This varies, depending upon the mndel). 
Therefore, the best results cannot be obtained without change of the i-f 
transformers; but the bandwidth can be reduced by cha.ngin~ the tuning and 
damping of the i-f transformers. However. the skirt ratio is not as go~d 
as C(')uld b e obtained with transformers designf:d specifical.11" for the 
-purpose. 



10. To obtain the wide band,' the 1-f t r ansformers were rather heavily 
d1:1mped and coupled al.most at critical. coupling or slightly over-coupled. 
On some of the receivers, the i-f stages were el.so stagger tuned. It was 
found that by having the N!lplifiers peak-tuned with the d81!1ping changed 
to give the correct bandwidth, a poor skirt ratio usually resulted. Where 
it was possible, the coupling was changed and the damping was reduced to 
give the bandwidth desired. 

11. Sta.r-~er tuning was not used, since it is difficult to set a signal 
generator plus and minus a fe~ percent of the center frequency. 

12. The reduction of the bandwidth increased the gain of the receiver and 
tcn~ed to cause regeneration on the DAS models. The gain had to be reduced 
by incro~sing the amnunt of cathode resistance. 

·13. The parts necessary to aake these modifications. though they crumot 
be fount! in the spares, are of such .nature that they could easily bo 
obtained froJ!l general stocks. 

14. No effect upon the bandwidth due to the viceo at!lJ)lifier could be 
detected so no change wns made on the video 8JlJ)lifier. 

15. These codifications were made on as many receivers as were available 
to deteroine what tolerance vould be necessary. The nuober of sets 
modified a.re as follows: · 

~ 

DAS-1 
DAS-3 
DAS-4 
DAS-DAS-2 
AN/APN-4 
JH/~N-9 

NUMBEit MODIFIED 

2 
1 
1 
3 
1 
2 

It was found that a variation of .i6 kc could be expected from receiver to 
roceiver clue to, canufacturin{!; tolerances as well as s-light differences 
in the alignments. Since the al1gru:ient of the i-f amplifier is rather 
critical, considerable Cf\re oust be used• and snme differences in band­
width are to be expected because of alignl!lent variations. 

W'DELS DAS-11 DAS-3 AND D!S-:f !QUIPMDTTS - (Manufa.cturecl by Fad.a :Radio 
and Electric Oo1:1pany of Long I.slant! City, N'.Y.) 

16. The i-f transfomers used in these equipoents are eliP,htly ov'ercoupled. 
and the bandwidth of 65 to 80 kc was obtained b y stagger-tuning. This 
method ~f obtaining the bandwidth is not desirable, beOlluse of the errors th~t 
occur when e signA.l generator must be set to close frequenc,: tolerances. 



17. It was found that the coupling could be reduced. by ad.ding a capacitor 
between the primary and secondary of the 1-f transforners. This provided 
ca~a.ci ty coupling which opposed the inductive coupling. 

18. The transfomers were tuned. at 1050 kc. The bandwidth that resulted 
on these equipoents was found to be 35.± 5 kc (reference plate 7). There 
is sooe variation in this, due to rumufacturing tolerances, and if an 
ex<i.ct band.width is desired, each set aod.ified would ha"le to be individually 
adjusted. 

19. It was also found necessary- to reduce the gain of the receivers slight­
ly to control regeneration. This was done by adting a 100-ohc resistor 
in series with the gain control.. It is believed that the gain of these 
receivers is adequate with the ~es prop~sed. If the :Bureau of Ships 
should find a need in the future for an increase in gain, especially in 
those receiYers which~ show less r~eneration, a simple further modifica­
tion should suffice. Resistor R-17U in nedels _DAS-1, and resistor R-27ll 
in Models DJ.S-3 and Dls-4 Z!lay be reduced in va.lue fros 100-ohos to a.s 
little as zero ohms. provided regeneration is properly under control at 

•the full P,ain settin~ with (;ood tubes. The Laboratory bas set the gain 
at a conservative level because too few receivers were available for an 
accurate estimate of the average tendency to r~eneration. 

20. It was ?1ecessary to improve the temperature-frequency cha.ra,cteristics 
of the locnl oscillators in the models DAS-1, ana. DAS-3. The oscillators 
of these equipnents had excessive drift which caused the signal to aove 
out of the i -f band. The frequency flf \he local oscillator increased with 
temperature. The o~cilla.tors of these equipments were equipped with 
zero tel!lperature·coefficient compensating capacitors. Since mica capacit~rs 
have a slie}lt positive tempere.ture coefficient, t he compensating condenser 
was replaced by a mica type. This reduced the tel!IJ)erature drift of the 
oscillator by a ~actor of about 10. This same method has previoa~ been 
included in the model DAs-4 eq,uip.oents. 

DAS, DAS::2 ?QUWmtTS - Manufactured by General Electric Co!!Ipany of 
Schenectaq, N.Y.) 

21. It was found that the bandwidth of t he DAS, DAS-2 could be reduced 
only to 50 .t 10 kc. This was due to the close coupling in the 1-f trans­
fomers. This coupling cannot be ch~ed Without altering the shape of 
the transformers, which would not be feasible as a field cha.ne;e. If a 
bandwidth of 35 kc is desired, new 1-f transformers must be supplied. 

22. The suoj ect mdification should be ctade after the gain-balance modifica­
tion (reference 3). The gain- balance modification effects a change in the 
third i-f amplifier which oust be I!lade before this mndificati~n will apply. 

23. To reduce the bandwidth to 50 .:t 10 kc, the comi:1on icpedance of' the 
priI!lary and secnndary of the 1-f transfc-mers is reduced by shorting the 
coupling CC"ndenser (C-412, C-418, & C-423 of T..:.401, ~. t\ T-403). Thie 
reduces the coupline; as nuoh as pQssible without peysi~lly altering 
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the shape of the transformers. No appreciable chal1€e in the bandwidth 
could be realized by decreasing the amount of d.amt>ing, and since it is a 
difficult job to change the damping resistors without damaging the i-f 
transfomers, it was not deemed advisable to Cl&ke a change. 

24. The gain of each st8€;e 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 gain control. 

25. The 1-f acplifier is peak-tuned at 1060 kc. This operation is ~ther 
critical and considerable care must be used to insure sati"sfactory results. 

26. This complete!\ the l!lodif'ica.tion. The changes are such that ,they can 
be accoz:rpliahed in the field. The parts needed, although they cannot be 
found in the spares. are such that they could be obtained fron general 
stocks. 

27. A bandwidth of 50 .± 16 kc should be the result of the modification. 
The skirt ratio should be approximately 4.5 ( reference plR-te 8) . 

AN £.APN-4 llllUIPMENTS - (Manufactured by Philco Corporatfon, Fr.ierson Radio 
and Phon,,graph Corp. and poesiblf other Ua.nufa.cture) 

28. Previous modifications of this equipocnt have reduced the bandwidth 
froo 100 kc to 55 kc. To do this the Q of the transformers was increased 
by increasing tho size of the damping resistors. The gnin was decreased 
sliGhtly to col'!lpensate for the increRse in gain due to increase in O.. 
~is method of modific~tion left the transformers slie;htly over-coupled 
and when the pri~ary and secnndary were tuned to the saJ!le frequency, a 
bandwidth of about 55 kc, 6 db•down, resu.lted. 

29. The coupling of these transformers cannot be ~ed wi thnut chaJlging 
their physical shape. It was also found that decreasing the damping of 
the secondary did Mt reduce the bandwidt h but a double hump response 
curve resulted. The reduction of damping also caused the receiver to 
regenerate badl7. 

30. It was found tha.t the bandwidth could be reduced sa.tisfe.ctoril7 by a 
different method of tunine; from that used. in a previous modification. 
The transfomers are poalt~tuned at 1060 kc. This reduces the bandwidth 
to 35 kc and reduces the bandwidth ( at 60 db down) appreciab~. The 
skirt. ratio is about 4.66 (reference plat e g), which is not too great. 

AN/APN-9 !R,UlPMENTS - (Manufactured by :Radio Corporation of America, Camden, 
N.J •) . 

31. Before modi:tication, the bandwidth of the AN/APN-9 & XllBS equipnents 
was froci 50 to 75 kc. This wid.th lraS accol!lplished by <'a:mping o:f the i-:t 
transfomers. The change in bJJndwidth was accoaplished by decreasing the 

-dampine;, which increased the Q. of the eons. Thi's increase in Q, allowed -

-5-



the i-f amplifier to be aligned to ~ive the receiver an overall b<mdwidth 
~f 35 .± 5 kc. The skirt ratio increased only sli~htl.y, the value being 
4 . 33 (reference plate 10). 

32. There was some increase in gain due to the high.er Q, of the i-f tra.ns­
foroers, and the sensitivity was also irnprnved. No tendency to re~enerate 
was noted. 

33. To reduce the bandwidth, the damping resistors b07, Rll2 and Rll6 
were changed from 47K to 6~ ohms. These are mounted on the tu~e sockets 
::incl ee.sily chant;ed. This cot1pletes the modification. except for m-align­
ment. 

34. The i-f amplifier is then re-aligned at 1100 kc ey peak:in~ the trA.ns­
!oroers. The bandwidth should then be about 35 kc • . 
35. The r-f bandwidth was not red.uded, as no effect could be 
noted on the overall selectivity when this was done. 

36. These lllOdifications vould also apply to the DBS equipi:umts. 

CONCLUS!O!fS 

'Sl. Fron the fore5oin~ tests and investigations, it is concluded that it 
is practical to reduce the bandwidth of Loran receivers by oodificatinns 
in the ficlt!. While the methods of change P-re not difficult , the re-a.lign­
ment is cri tiee.1 and nust be done with extrer:ie cnr-e. The !results that 
are cbtainen will not be as ~ood as wr,uld be obtained with transforners 
desi.{;Iled specifically for the purpose, but neYertheless tho rosult appeatt 
entirely satisfactnry. 

38. It is recommended that L~ran receivers be modified to narrower b?.nd­
widths in the field, in ~ccordnnce with the instructions of appendices 1-4, 
inclusive. It is further recommended that future Loran receiver purch.<tses 
provide for redesi€71ed i-f t.rans.i'on:iers to provide the clesired bane.width. 

REFERENCES 

1. BuShips ltr. Serial R-935-1980 of 14 September 1945 to NRL - Assignment 
of Problem. 

2. National Bureau of Standards report IRPL-R24 of 12 October 1945 - Relations 
Beween Bandwidth, Pulse Sb.al)e and Usefulness cf Pulse•tn the Loran 
System. 

3. NRL Report R-2897. 
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NPENDIX l 

RmTCTION OF BANDWIM'H FI!lLD CHANGZ FC'R LORAN ~CEIVER 
INDICATOR MODELS DAS-1 1 DAS-3, JJro DAS--4 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -

Al3STRACT 

The object of this field change is to reduce the effects of interfer­
ence to Loran. signals by decree.sin~ the bandwidth of J.oran Receiver Indica­
tor Models DAS-1, lla.S-3 and llAS-4 equipment manufactured by Fada Radio and 
Electric Company, Long Island City, N. Y. This field change gives practica.1 
field methods and complete instruction for reduci ng the overall bandwidth 
of Loran Receiving F.quipment, Models DAS-1, DAS-3 and DA$-4 f rom a total 
bandwidt h of about 85 k:iloeycles to a reduced bandwidth of about 35 kilo­
cycles. 

-a-



THmRY OF OPDATIOlf 

l. The overall bandwidth meaau.red. 6 decibels from maximum response ls 
reduced from about 85 kilocycles to about 15 kilocycles by reducing the 
coupling of the intermediate frequency transformers and using a new method 
of i-f alignment. The coupling of the i-f transformers is reduced b;r 
adding capacit:, coupling which opposes the inductive coupling caused. b)" 
the mutual inductance of the prima.ries and secondaries of the 1-f trans­
formers. With reduced coupling, the effect on the seconda17 tuning caused 
by tuning the primar,r is reduced. 10 that a simpler method of i-f align­
ment is feasible. The new method of 1- f alignment censists of tuning both 
primary and secondary of each transfermer at 1060 kilocycles, starting 
with the last i-f stage and working forward. The narrow bandwidth increased 
the maximum receiver gain, giving a great er cha:nge in gain per degree of 
rotation of the gain control. This condi til)n should be eliminated by 
adding a 100-ohm l watt resistor in series with the "Gain" potentiometer. 

2. In DAS-1 and DAS-3 Models, the frequency drift of the local oacilla-­
tor, due to temperature,. 1s objectionable for a 35 kilocycle bandwidth. 
This is corrected b7 replacing a zero temperature ~efficient capacitor 
in the local Gscillator circuit with a;n uncompensated mica .eapacitor. 

3. Liqt ,:r Eguipmgt Fecosann:: 

(1) High illlpedance D.O. Voltmeter with cb.e.racteristic similar t• 
RCA Volt Olmyst Junier. 

(2) Signal Generator capable ot producing 1050 kc and 1700 to 2000 
kc with calibrated output from l microvolt to l volt. Also a 
0.01 microfarad isolating capacitor and means ~or ad.ding eno~ 
aeries resistance to give the generator a 50-ehm autput impedance. 

(3) One 0.05 lli.crc,farad capacitor tor shorting local oscillator 
during i-t alignment. 

4. List cf Part, Neeeaaarx; 

(1) Four 5 microfarad capaciters (Cersmieon type preferred). however 
a small mica type can be used. 

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

( 3) DlS-1 and DAS-3 Models only. - One 250 l!licro-micro:fa:rad mica· 
C8l)acitor. 

Time l'eeeasaey to Complete Modification: 3-man hours. 

-1-



PROCEDURE roR FIELD CHANGi 

5. When tube and circuit component numbers a.re given, the numbers will 
refer to Hodel DAS-1 equipments . To obtl\in actual nw:ibers for the Models 
11\S-3 and D.A.S-4, ZOO must be added. For example, V-1 w"uld indicate V-301 
in Model DAS-3 and DAS-4 equipnents. 

a. Remove Receiver Unit fron its dust cover. Place on work bench or 
table. 

b. Rcnove i -f shield cans of T-1 , T-2, T-3, and T-4, by reJ110ving two 
nuts and l ock washers on top of each i-f shield can, and re?1"Ving two 
nuts ,uid lock washers underneath the chassis holding ea.ch i-f' Bhield can. 
(Note: Care must be exercised in removing shield cans in order not to 
daJ!lage i-f transformers). 

c. Install a 5-micro-t1ier,.,fa.rad coupling ca.pa.ci tor in T-1 so that the 
shield can m~ be replaced by- connecting the ca.pncitor between the plate 
end of the primary coil and the grid end of the secondary coil, placing 
the body nf the capacitor between the corner support wire and coil fom 
in Models DAS-1 <Uld DAS-3, also in Models DAS-1 a.nd-DAS-3, capacitor leads 
shnuld be soldered to the support wires which correspond to the plate end 
of the prim9.ry coil and the grid end of the secondary coil. In Mndel D.AS-4, 
capacitor leads should be soldered to the top end of the plate and grid 
tor.:iinals, with the body of the capacitor close to the coil fom. (Note: 
Care nu.st be exercised in the installatinn so that shC1rt circuits will 
not occu.r when the shield can is replaced). After the capacitor has been 
installed, a.11 soldered joints shnuld be inspected for good electrical 
contact, ane. the coil windi~ connections examined to ascertain that they 
hn.ve not been disturbed). 

d. Install a S-m.cro-aicrofara.d coupling capacitor in T-2 by the proce-
<1ure given in step (c) altc'le. 

e. Install a. 5-nicro-nicrofarad coupling capacitor in T-3 by the proce-
dure given in step (c) above. 

f. Install a 5-micro-::iicrc:ifarad couplin.; ca.pA.cl tor in T-4 by the proce­
dure given in step(o)above, except that in this tr~sfomer the grid end 
cf the second.~ry coil will be c~nnected t o the detector plat e pin 3, tube 
V-6. 

g. Replace the i-f shield cans. 

h. Models DAS-1 and D!S-3 Only: - Lc-cate C-36, the 250 micro-micr'>farad 
zero teoperature coefficient cap~citor, in the local oscillatnr circuit. 
Replace C-36 with 250 r.iicro-microf'arad mica capacitor (uncn3Pensated). 

1. Mndels DAS-1 and DAS-3 Onl:.y:: - Pull the indicator unit part way out 
nf the dust cover. Locate the gun potent iooeter . R-.171 in DAs-1 •. or R-271 



in DAS-3 behind the front panel on the l eft side, remove the ground wire 
connected t o the center top of the gain potentfometer and insert A. 100-
obm one watt resistor between the center top of the gain potentiometer and 
ground. Designate this resistor R-171-A on Mndel DlS-1, and R-271-A on 
Model DA.S-3. 

j. Model DA.S-4 Only: - Locate resistors R-311 and R-314 an the large 
center temina.l board E-303 underneath t he receiver chassis. Disconnect 
the white wire with brown tracer on the opposite side of E-303 connected 
to the junction of R-311 and lt-314 through the terminal board.. Install 
an insulated soldering lug on the front end of the terminal boar d E-303 
and on the opposite side from resistors R-311 and R-314. Use the top 
bolt, which secures the terminal board E-303 to the front support bracket, 
as a mounting support. Connect the white wire with brown tracers to the 
newly i nstalled soldering lug. Connect a 100-ohm one watt resistor between 
newly installed soldering lug and the junction of the resistors R ... 311 and 
R-314. Designate this resistor R-2?1-A. 

I-F ALIOl™ENT PlJOCEDtmE 

6. Set up the Receivel"-Indicator for bench operation, less antenna, with 
the receiver removed. from its d.ust cover, turn power sVitch •oN" , allow 
the receiver one-half hour to reach a stable operating temperature before 
starting the 1- f alignl!lent. 

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

8. Short out the oscillator voltage during the i-f alignment, to prevent 
interference fro~ the oscillator, by connecting a 0 . 05 oicrofara.d capaci ­
tor between the grid pip. 5 of tube secket X-2 and ground. 

9. Connect a high impedance ou\put meter to read negative voltage output 
at the second detector. On Models DAS-1 and DAS-3, connect the meter t o 
the tcp left (Model DAS-4. left center) terminal of the filter 1 IN" -
"OU'l" switch, located behind the f'~nt panel of the receiver unit. Operate 
the output oater on the 10-volt scale with a nol?linal signal i ndication of 
five volts . Whenever conditions are changed, ad.just the signal generator 
output, which i s being fed to tho st8€e under a.djustaent , to mai ntain a 
nominal signal indication of five volts. 

10. Connect the output lead of the signal generator to pin 4 of tub'e 
socket X-5 through a 0.01 microfarad isolating capacitor and connect 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 S vnlts indication on the output met.er . 

12. Turn the bottom (pril:lary) screw of transfomer T- 4 until m.xioum 
output is indicated on the meter. Adjust the top (second~ry) screw of the 

· · transforner T-4 for J:laXimum output on the 1:1eter. , (No·te: In the adjust.;. --



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

13. Connect the signal generator, set at 1050 kilocycles, to the Grid, 
pin 4 of t ube socket X-4, through a 0.01 microfarad isolating capacitor. 

14. Adjw t the bott.om (primary) and top (secondary) screws of T-3 for 
Eaximun indication on the output. meter. 

15. Connect the signal generato,r, set at 1050 kilocycles, o.s before, 
to the e;rid, pin 4 r-f tube socket X-3,. throUP.,h,a '"'•01 hiorofara.d isolatil'lg 
G:arnoi tor. 

16. Adjust the bottoQ (pri~ary) and top (secondP.17) screw of T-2 for 
ma.xinum output on the meter. 

17. Connect the signal generator, set at 1050 kilocycles as before, to 
the ;rid, pin 8 of tube socket X-2 • 

. 18. Adjust the bottom (primary) and top ( sec,-ndary) of T-1 fox maximum 
output as indicated on the meter. 

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

20. ftiis completes the i-:f' aliglll!lent. It will now be necessary to align , 
the loc~ oscillator on all four bands. This can be accol!lplished by 
using the pMcedure given in instruction books under • Alignment of Oscilla-
tor". · 

21. Check the overall bandwidth of the receiver using the output neter 
connected across the second detector load, as in the i-f alignnent. Connect 
the signal generator to the antenna jack through enough series resistance 
to give the signal generator a 50-olll!l output irrpedance and adj ust its 
output t o prnduce five volts plus noise voltage , at the output meter. 
The signal generator frequency is set at the frequency of the channel being 
checked. '!'hen increase the signal generator voltage two times snd note 
the 5enerator frequency above and below the channel frequency which give 
the same output at the meter (five volts) . The differenae between the 
two gives the bandwidth at two times the input ( 6 db) . The correct band­
width is 35 .:t 5 kilocycles . 



RfltlDIX 2 

}l]WQTIOJ OF :aumwumr FJEIJ) CHANGE OF Il)RAl; 
RECEIVER INDICATORS. MODELS DAS AND DAS-2, 

.!J3S!t'RA.CT 

The object of this Field Chan~e is to reduce the effects of inter­
ference to Loran signals by decreasiru; t he bandwidth of Loran Receiver­
Indica.tors, Models DAS and D.A.S-2, manufactured by General Electric Company-, 
Schenecta.~New York. This Field Change gives prectical fielc't methods 
and complete instr11ctions for reducing t he overall 'bandwidth fron more 
than 85 kc at 6 db down to approxllllatel:, 50 kc at 6 db down. 



THmBI CF CPEB4T1CN 

1. The modification consists of decreasing the b,mdwidth of each i-f 
transforr:ier by re~ovin~ the over-coupling caused by the col!lDon capacitor 
of the prinaey and secondt\ry, which leaves only rnu.tual. inductance coupling. 
This increases the gain of the i-f amplifiers beyond a usable level. T~ 
elioinate this and make the receiver ~ore stable, the cathode resistors 
should be increased froo 271'.l obas to 470 ohms and a 1rv·-01m resistor 
inserted on the :;rnund side of the "Gain' potentiometer. 

2. LIST OF PARTS 

DES~TIOll 

47P ohl:I one-half watt resistor 
l'X' oba one-half watt resistor 

3. LIST OF i}.lJIPMENT ~;'t'.":LSSA.RY 

9,UANTITY 

3 
1 

(1) A high iI!!peda.nce D.c. Voltmeter with characteristic similar to 
•.c.A. Volt Ohmyst Junior. 

(2) A signal r,enerator capable of producing lt'16('l kc and 1700 to 2"""' 
kc with calibrated output from l micr~volt to 1 volt. Also e 
P.Ol microfarad isolating capacitor 'llld a means for adding enou~ 
series resistance to ~ve the signal .?enerator a SG-olml output 
impedance. 

Tice Necessary to Colll}"lete this Field Change: 4 can-hours 

4. Procedure for Field Ohangt 

a. Disconnect the input power lead. 

b. Remove the Receiver - Power Su.pply Unit fr~m cabinet ant place ri~ht 
side up on a table or on top or the cabinet. 

c. 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 (facin,~ the frr>nt panel). The two leafs to the SJ)ace 
heater. also on the right-ha:nd aide, l!lUSt be disconnected. 

d. On the underside of the receiver tube chassis, between successive 
.i-f tube sockets, locate three small terminal boards, on el3.ch of which 
nne terminal marked Al, .l2, or A3 will be found, ground each of these 
(Al, A2 and A3) to the adJacent ground t erminal with a short length of 
bus Wire. 

e. Locate R-4<'8, a 27n resistor connect ed ~etween pin 5 of tube socket 
X-4(\3 and. ~n bus. Replace R- 408, a 27~ obi, roeistor with g, 470 ohm, 
one-half watt, resistnr. 



f. Locate :R.-411, a 270-obm resistor connected between pin 5 of tube 
socket X-4n4 and the ~ain bus. Replace R-411, 27r ohm reaist0r with a 
470 ohm, f'ne-half watt resistnr. 

g. Locate R-442, 2?n- ('hm resist0r connected between pin 5 of the t ube 
sncket X-4<'5 and the ~a.in bus at B-411. (Note: This resist"r was a~.ded ~7 
the latest 11Gein Balance Mndific~tic>n11 ) . Replace R-442, 27!"-<,hm resistf'r 
with a 47~- 0hl!I one bal:t•watt reeistnr. 

h. Chan.;e the values shnwn on the schecatic dia..,"T!'U!l for R-41"8 , R-411 
ancl R- 442 frnm 270 ohms to 470 ohms. 

1. On the schensi.tic c.iagram show Al, A2, and A3 terminals t;rounded. 

j. Rem<'.'ve the indicator unit f'rom the cabinet and place it upside down on 
a table or on top of the cabinet. Bemove the bottom plate or shield. 

k. Locat e the 11G&in11 potentioraeter R- 214, remove the ground lead., and 
insert a Im-ohm. one-half watt resistor fl"Om the former ground side of 
the potentiometer to ground. Designate this resistor R-214-A on the 
schematje di~. 

1,. Replace the bottom -plate or shield. 

m. Replace the i ndicator unit in the cabinet. 

n . Before connectilll; the power cord be sure that the space heater leads 
on the right of the receiver are not toucbin?, the chassis o~ each other. 
Connect the power corl!. (Note: When the power switch located on receiver 
power sUJ)t)ly unit is •oJ'FII, 110 "fOlts is supplied to the space heater 
lea.<1-a). Turn the power •oN". This conpletes the modificati on except for 
the alignment of the intemediate frequency amplifiers . 

o. :Before startine: the i-f aligm:ient, allow the receiver one-half hour 
to reach a stable operating temperature with the power switch "ON". 

~. F('lr the 1-f alip,;mient, connect a high impedance ~--c vol tmeter (Volt 
Oheyst Junior) to pin 5 of tube socket X-406. 

q. Detme the Wave Tr,q,s , by screwing the sluP,s nf L-4<"'1 and L-4<'2 well 
-in, and. L-403 well out. 

r. Oonnect the signal generator thrnw.Ji a o.nl rnicrof'ara.d series isolat­
in~ c~pacit~r to pin 4 of tube V- 405, which is the ~id of t he last 1-f 
8I!lplifier. Set the si~nal gener~tor frequency at 106~ kc, with approrl• 
mately one vnlt output. Set the "Receiver Ge.in• for maximum, full cl«"ck­
wise position . and the Gain :Balance at mld-range. :Remove t he antenna 
cable. Adjust the signal generator output to give an output r.leter reading, 
at pin 5 of tube V-4"6, of 5 volts .;reater than noise output. (Note: Noise 
output can 'be obtained by rea.eJ.ng the output neter -with-no sienal appUec'. · 



frcm the signal l:;enerator. Tune the pri mary and secondary of T-404 for 
maximum output while decreasin~ the input from the signal generator to 
maintain 5 volts output above the noise output. 

•• Connect the signal ~enerator to the grid. pin 4 of tube V-4<'4• tuned 
at 106<\ kc. Decrease the outnut to i;ve 5 volts output above the n~ise 
level. Tune the primary and secondary of T- 4n3 for ma.rl?:nm output. 

t. Connect the si~al ~enerator to the ¢d pin 4 of tu'be V-4"3, tuned 
at l~Gn kc. Decrease the output t o ~ive 5 volts output above the noise 
level. Tune the ,:,rioory and second!l.ry of T-402 for maxiOUl!l output. 

\. 

u. Connect the signal generator, tuned at 1°60 kc to ?.rid pin 8 of tube 
V-402. Decrease the output to ~ive 5 volts output ~bove the noise level. 
Tune the primary and secondary of T-4"1 for ma.nmuo out-out. 

v. Alignpent of wave traps: - Connect the signal .renerator to the 
antenna input jack, adding ennu~h series resistance to f.P.Ve the e;enera­
tor a 5"-ohl!t output ir.JT?edance. The output ceter should be connected as 
above in 1-f ali~ent. 

w. Using a strong si~a.l from the signal ~enerator at 1~5C' kc. tune 
L-401, the first trap behind the front panel, to ~ve maximum rejection 
to this frequency. The maxiJ:JUO rejectit1n will appear as minimum voltaee 
reading on the output oeter; therefore, increase the signal as much as 
is necessary.for e..ccurate results. 

x. Using a strong signal from the ~enerator at 1060 kc tune L-402 to 
~ve m.niillU!l output from receiver. 

y. Using a strong signal fro1:1 the 2;enerator still connected to antenna 
input at 1070 kc, adjust L-4f\3 for minimUl!I output. 

z. Shc>uld oscillations occur at full ~in, a. sli~ht readjustment of the 
wave traps will normally stop these oscillations. This completes the 
alignment of the i-f amplifiers and wave traps. 

aa. Align the r-f st~es and local oscillator by the method ~ven in the 
instruction bo~k under maintenance. 

bb. Check the receiver bandwidth by the aetwd given in the instruction 
bonk under caintenance. The receiver bandwidth should fall between 40 
and 6<' kc at 6 db down with an s.verat;e center frequency C.:t 3 kc) of the 
band frequency concerned. (Note: The average center frequency is obtained 
by adctin& the two frequencies, formerly substracted for bandwidth <1.eter­
minatirin. and dividing by two. If the bandwidth fails to fall between 
the Units above, the complete i.f .. and. wave trap ali~ent will have to 
be ropea.ted with ::reat care. However, if the bandwidth is within limits 
and the average center frequency is in error by oore than .;t- 3 kc, a 
rea.djustoent of the W'l.Ve traps and local oscillator shnuld bring the center 
frequency within the above limits). 



cc. The etep above completes the Field Change. Disconnect the power cord 
to equipment. 

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

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



REPOQTION Pl wmwxm FTJ!I,D CHANGE OF MOM ANIAPN-4 
LQBAN RECEIVER INDIQATQB WITH RECEIVER MODEL R9A/.APN-4 

AND R9J3&N➔ WITH MODIFICATION III AND IV, 

A'BSTllOT 

The object of this Field Change is to reduce the effect of i nter­
ference to Loran signals by decreasing t he bandwidth of Model R9A/APN- 4 
and. R9B/APN-4 Receivers. manufactured by the Emerson :Radio and Phono­
gra-ph Corp. The field change described in this report decr eases the 
pass band of the intermediate frequency amplifi er from a minimum of 45 
kc and maxil!IUJll of 60 kc at 6 db down to a minimum· of 30 kc and a J:18.Ximum 
of 3? kc at 6 db down. 'by ehanging the method aligning the 1.r. This 
method of reducing the bandwidth is not t he moat desirable. However, 
a !!lore desirable method would involve changing major components. 1:18ldng 
necessary a field change kit. 



THmRY OF OPERATION 

1. Freviou.s modification III for Receiver Model R9A/APJI-4 reduced the 
pass band of the intermediate frequency aoplifiers from about 100 kc 6 db 
do\llD. to about 55 kc at 6 db down. Thi3 was accomplished by increasing 
the·~ of the secondary on the existing i-f transforoers and reducing the 
gain of ea.ch i-f stage. by increasing the cathode and screen .s;rid resistors. 
This compensated for the increased gain caused by the higher Q.' s of the 
i-f transformers. Modification III left the 1-f transfomers slightly 
over-coupled and the e" s of the primary and secondary unequal. The align­
ment oethod given in the instruction book makes it possible to align both 
primary and secl)ndary at the same frequency. This gives a frequency res­
ponse curve with a relatively flat top extending 25 to 30 kc on either 
13iff.e o-r center frequency, and in some cases a slight dc-uble peak will 
appear on the response curve, characteristic of over-enupliUG in 1-f tran&-
formel'11. The method of alignment in this report causes a small amount 

of aettUlinG, and the prinary and. secondary of the 1-f transformer& are no 
lnnger tuned at the same frequency. The effect of this detuning is to 
enlarge one of the pee.ks appearing- on the response curve. causing the other 
peak to disAppear. The final respnnse curve has one sharp peak with the 
6 db down points spaced 30 to 37 kc apart. 

2. LI ST OF JIP..UIPMEN'T NECESSARY 

(1) High impe~ence D.C. Voltmeter with characteristics similar to 
R. C.A. Volt O~st Junior. 

(2) Signal Generator capable of producing 1060 kc and 1700 to 2000 
kc with calibrated output fro~ 1 microvolt to l volt. Also a 0.01 oicro­
far~d isolating capacit~r and a means for adding enough series resistance 
to give the generator a 50-olm output impedance. 

Tine Necessary to Cotiplete Modific~tion: 2 ~an hours. 

PHOCEWBE FOR FIELD CH.AliGE 

3. The necessaey steps are as follows: 

a. Set up the receiver and indicator for bench operation, less antenna, 
reriove the d11St cover. The power switch should be in the "OFF" position. 

b. Before proceeding, ascertain that modific1ttion III has 'been per-­
formed. 

c. Remove the r-f amplifier tu'be V-101-1. 

d. Adjust the "Gain" control to approximately three-fourths ma.xir.nll!l 
6ain and center the aopli tud.e balance control. These controls are on 
the indie?.tor unit. 
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e. Set the high impedance voltmeter on the negative 5- or 10--volt scale. 
Connect. the common lead to the chassis end other lead to pin 5 of tube 
V-103. 

f. 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 
isolating capacitor. 

g. Adjust the signal P,enerator frequency to 1060 kc. Set the output to 
approxi1:1ately one volt (at 30 percent, 400 cycle modulated if the signal 
generator has provisions for nodulated output}. 

h. Turn the equipment "OE" and allow a 30 minute wam-up period before 
making adjustaents . 

1. Ad.just the ttJp (primacy) of transformer T-103-4 for maxi1?1Um output. 

j. Adjust the "Lower' (secondary) of transfomer T-103-4 for maxil!!Ul!l 
output. 

k. Readjust the top (primary) of transfon:ier T-103-4 for maximum output. 

1,. Connect the signal generator output lead to pin 4 of tube V-101-3, 
still tuned at 1060 kc. 

m. Readjust the s ignal generator output as necessary to give an output 
meter reading of approximately 5 volts, as tuning adjustl!lents are made. 

n. Adjust the 1 Top11 (primary} then "Lower" (secondary) of transforoer 
T-103-3 for :i:iaxinum output. 

o. Connect the sign&]. generator (1060 kc) output lead to pin 4 of tube 
V-101-2. 

p . Readjust the sie,i.al generator output as in step (m)a.bove. 

q. Ad.just the II Top" {-primaJ'1) then n Lower' ( seconda.J'1) of transformer 
T-103-3 for l!l&D.l!lUm output. 

r. Detune the wave trap Z-104-2 by screwin..; the •lw:: all the wa;y in. 

s . Connect the signal ~enerator (1060 kc) output lead to pin 8 of tube 
V-102. 

t. Readjust the signal eenerator output as in step(m) above. 

u. Adjust the "Top11 (prUiaey) of transfomer T-103-1 for 1!18.XiCIUT.1 output. 
Then adjust the 11 Lower" ( secondary) for symi::ietricru. response on both 
sides of 1060 kc. 



v. I-f bandyidth chaclt; At freq.uencies approximately 15 to 20 kilocycles 
above and below 1060 k:ilocycles 1 (or frequency which gives maximum aeter 
reading), the output meter reading shoul d be one-half that at maximum 
response. 

w. Adjust ohe 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 ~iven in the 
instruction book und~r ffR-F Alignment". 

IDMARKS 

4. After completion of the above alignment , a final bandwidth check sh!'\uld 
give results within the followi~ limits. 

RANDWIDTH 

:Ratio• Min.. ~ PA 
2 30 kc 3? kc 6 

10 50 kc 75 kc 20 
100 90 kc 120 kc 40 

1000 145 kc 175 kc 60 

-Voltage input off resonance 
V~ltage input at resonance 

If the bandwidth does not fall within the a.br,ve liaitss repeat the ali,:,i­
ment procedure, checking i1he bandwidth at each i-f stage, and adjust the 
primary and secondP.ry tuning to give as narrow and symr.ieterical a response 
as possible. 
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APPDDIX 4 
UO'OCTIOU OF l3AlmWID'l'H FIELD CHANGE FOR RADAR 
SET AN /KPN-9 A.NII LORAN RECEIVER IND! CATOR 

MODEL X-D.BS 

ABSTRACT. 

The object of the Field ehange i ~ to reduce the effects of inter­
ference to Loran signals by decreRsing the receiver bandwidth of Model 
A}I/.A:PN-9 , and Model X- D:Bs. 1.'!Mufactured by the Radio Corporation of 
kterica and the Radio Marine Cc-, .rporat1on of America. This Field Change 
gives practical field methods and col!IJ)lete instruction for reducing the 
over- all bandwidth of Loran Receiving Fquipment, Model AlT/.APN-9 and 
Model X-llBS, frol!l an overall bandwidth. measured 6 db froI!l mruciillUl!l 
response , 50 to 75 kilocycles to a reduced bandwidth, 30 to 37 kilocycles. 
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THmRY OF OPEBAT!ON 

l. The over-all 'bandwidth 1:1easared 6 db from maximwn response was reduced 
frol!l 50 to 75 kc to 30 to 37 kc by increasing the value of the dar:iping 
resistors used on the secondaries of the intermediate frequency trans­
formers, from 4'i! thou.sand olutis to 68 thousand ohms, 8.?ld chan{;ing the method 
of aligning the i-f amplifier. !ncreasin.7 the value of the dal?tpinr, resi s­
tors caused the ~•s of the i~f. coupling circuits to increase. ~e i~ 
creased ~•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 alignoent given in this field chan~e. reduces the over­
all bandwidth the desired amount. 

2. List of Equipment Necessary: 

(1) High impedance DC Voltmeter with characteristic s ir.rl.lor to 
R.c.A. Volt Ohmyst Junior. 

{2} Signal Generator capable of -producing 1100 kc and 1700 to 2000 
kc with calibratea output from 1 microvolt to 1 volt . Also a n.n1 l'.llicro­
farad isolating capacitor. 

3. List of Parts Necessary; 

Descriptiog 9,uantity 

68,000 ohms, one-half watt Resistor 3 

Til!le Necessary to Complete Field Change: 3 man-hours, using experi­
enced personnel. 

Procedure for Field Change 

4. The steps necessary are as follows: 

a. Set up receiver indicator for bench operation less antenna. Eeoove 
dust cover. The power switch should be in 6 011'r position. 

b. Place the Receiver Indicator on its left side and reJ!love the shield 
on the ri~t side held in place by 8 screws. On the back of the shi~ld an 
aligning tC">ol will be found for use in aligncent of receiver. 

c. Locate n-107, 47,coo ohms. connected between pin 4 of tube socket 
X-103 and ground. Replace R-107, 47,000 olms, with a sa.ooo ohm one-half 
watt resistor. 

d. Locate B.-112. 47 .ooo ohms, connected between pin 4 of tube socket 
X-lC'4 and e:round. Replace R-112, 47,000 ohns, with a 68.000 ohl:1 one-half 
wEitt resistor. 
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e. Locate R-116, 47,000 ohms, connected between pin 4 of the tube socket 
X-1O5 and ground. Replace R-116, 47,nor, ohms, with 68,000 ohn one-ha.1£ 
watt resist or. 

f. Change the values shown on the schel!latic dia.c-;ram for R-1O7, R-112 
and R-116 f rom 47, 000 obJ!ls to 68,000 ohms . 

g . Turn t he power "Olf'. Allow the receiver one-half hour to reach a 
sta~le operating tenperature before starting the i-f alignttent. 

h . Connect the high i11?pedance dlc output meter to pin l or 2 of tube 
socket X- 1O6 to read the negative volt~e output of the second detector. 
Operate the output meter on the 10 volt scale with a nominal signal indica­
tion of five vol ts. Whenever conditions are cllan~ed, A.djust the generat or 
output which is appl ied to the stage under adjustment, to mai ntain a 
5-volt worldnb level. To obtain ste&ay noiee-free meter readings , keep 
the output level of the ~enerator as low, and the 11 Receiver Gain11 control 
as high, as the local noise condition permits. As a check for noise indica­
tion on the met er, read the meter with no signal applied. The meter 
reading should not exceed one volt. 

1 . Connect t he ground lead of t .he si gnal genera.tor to the r ecei ver chassis 
and t he output lead to pin 4 of tube socket X- 1O5 through a (l . O1 micro­
farac isolating capacitor. 

j . Adjust the signal generator :freq'\lency to 1100 kilocycles . Set the 
output to give the proper reading on the output mater (5 volt). If the 
signal generator bas nrovisions for modulated output, use 400 cycle codula­
tion at 30 percent . 

k. Adjust T-110 primary ( top) and secondary (bottom) for maximUl!I nutput. 
Because of interaction it will 'be necessaey to xepeat the adjus t ments s everal 
ti~es to obtain a maxil!l'lm output • 

.t,. Connect the signal generator to pin 4 of t h e tube socket X- 1(•4 and ,re-
duce the input to obtain the prc,per level on the output meter. 

m. Adjust T-1"'9 primary ( top) and secondary (bott o!!l) for maxil!lum output. 
Re~eat this until an adjustment ~f either pri~ary or secnnd~ry fails to 
incre~se the out~ut . 

n. Connect the signal ~ener!:Ltor to pin 4 of t u'be s,:,cket X-ln3, rednce 
the input to obtain the proper level on the output JDBter. 

o. M.just T-108 primary ( top) and second.Ary (bot too) • first one, then the 
other, until an adJustment of ei ther p rimry or seenndary fails to increi:\se 
the output. 

p . Connect the signal generatC1r to pin 8 of t ube socket X-102 , and reduce 
the input to obtain proper level on t h e output meter. 



q. Adjust r-107 pricary (bottom) and second"'.ry ( top) for maximum output. 
Check the symoet:ry of the response curve. by rea:di~g the output with the 
signal generator tuned 15 kc below and 15ke above 1100 ke or the frequency 
whicil gives ma:.dnW!l response. The output r eadi~s should be equal. If 
not, reooJu.st the prinary and secondary of T-.107 to obtain the desired 
syi::iraetry. Should great difficulty occur1 see the procad.ure given at the 
end. of report :under remarks. · 

r. In s t ep (4) above, if the 1?1aximum response. was obtained at a frequency 
other than· ,ll•"O kc, the w'ive -.trap will-need adjusting. 

s. Waye tr@ 1dJustment; Set the signal generat or to the frequency which 
;ave max:imW!l response in step Ga,) above. Connect the signal generator output 
to pin 4 of tube socket X-101, adjust T-103 ",oplt fnr .l!linimW!l output, : 
incre~sing the receiver gain and generator output as needed. 

t. Radio frequency and oscillator ali~ent should be perfomed at this 
time. However, it is only necessary to adjust the oscillator. This 
should be done by the procedure given in the inst ruction book. 

u. Restore the shield a.Jld replace the dust cover. 

IDMA:BKS 

5. - Should great difficulty occur in obtaini~ a sl1J!D!!etrlcal response, 
repeat step (k\ through step {q~ above, cheekin,~ the symmetry of response 
at e4ch sta...~e, and adju.sting the primacy and seconc111;ry of the i-f trans­
fomers concerned., to ;i;ive proper symmetry • . 
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FIG. A BAND WIDTH 76XC 

FIG. B BAND WIDTH 55KC 

FIG, C SAND WIDTH 31KC 

PLATE I 
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