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L Th:f problen ,123 wuthorized by Bureau of £ngineedn6 letter, 
ri:.f .(a), end othP-r additionc'.l.l references pertinent to thi f }•roble., are 
li~t~d ~B refR . ft) to (d). 

Reference: ( [.) 
(b) 
( c) 

Bu:£ng let.FL2-1(9-7-~3) of 19 ~epteQber 1934. 
Specifications RE 13A /489A 
NRL Report No. A-10~.5 of 10 April 1934 1 

(d) 
Test of Type CHS 74015 Crystal Frequency Indicutor. 

N.AS Report Ho . NASA Report RT-2 of 12 February 1935. 

OB.IE.CT OF TE.ST 

2 . The object of this teEt w~s to determine the mechanical anrl 
electrlcal characteristics of the ;,:odel LJ aircrBft crystcl frequency in
<llcr,t.or us required by ref. (b). 

1-.BSTRI,CT' Of TEST 

3. The ~echanicsl features and worla:ianshlp were checked by careful 
m;pection. The i,Iodel LJ eqt.ipment vms set up with the RU-2 and RU-3 re

ceivers to check jts operating characteristics. The electrical character
i ::-Le;; v;ere checked by measurements ln the La.bort..tory. Temper&ture fre'.}'..tcncy 
chfJructcr:i Etic deta \7ere taken oi' the self oscillator and the ten cryt te.ls 
r--;;,_:r the range frora -30°C to +50°c. 

4. The equlpment wns then taken to the Naval Air St&tion, lnst~llcd 
-~n the XRi'.:-1 Eelh.nca cabin plane no.8938 end tests v.rere conducted under 
, st.unl fllght operating condi. tions, 

-1-
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Conclusions 

It is concluded; - '' 
.... 

: 

(a) That the 1lodel LJ eircraft crystal frequency indicutor does 
not meet the requirements of the specifications and it is unsatisfactory 
for use ln the Naval Service in its present condition. 

(b) That the heterodyne oscillator frequency readings are tmre
liable. 

(c) That the backlash in the gear drive mechanism is excessive 
and no accessible means for lubrication or adjustment is provided. 

.i (d) That the zero beat zone is too wide • 

(e) That the audio output is inadequate. 

, 

(f) That the zero correcting mecllanism for the heterodyne oscil
lator does not cover a sufficient number of divisions to correct for all 
temper~tures between -30°C and +50°c. 

rosion. 
(g) That the crystal coupling condenser (C-4) is subject to cor-

(h) That some of the ground connections are improperly mo.de through 
screws that make high resistance contact to the shield. 

(j) 

(k) 

Thnt 'the equipoent is one pound over weight. 

That the voltage rating of the by-pass condensers is too low. 

That three of the ten crystals are unsatisfactory. 

(1) That the crystal oscillator is satisfactory for adjusting 
trM~::::ii t ters and :uecei ver3 to the fundam.ental second, third, and fourth 
harmonic frequencies provlded the crystals are satisfactory. 

(rn) That except for weight, size, and the convenience of setting 
a. tro.n&iitter or receiver to the crystal frequencies and their harmonics, 
the :.iodel LJ is surpassed by the Model LJ-1. 



E~r.;,">1•ll!l,;:(..-l.a tlor; q_ 
I 

I~ is re~~1mended: 

(a) That r:i convenient r...c1d suitable ::ieans be provided :,o co~rect the 
!)':.eklarh of the ·Ec.l dri.ve 1e~h ... ni:;r,1 ... "ld :.o ,cintain the corr~ct:.0~1 :.n ,c
_xw J~"1ce :iitb p&r. 3-21 of spec :fications, ref. (b). 

tb) Tlnt the lndc·-: denot.:.11g the hu."ldreds divisions be gei.r3J tn the 
~c ... ·0 . :;orr~ ~ti..."li device ..:.n 3'..lch a !tanner t.hut 100 divisions of the fine ad
ju~t .ent v,ottld er1ucl. one divlslor. of the coar;,e indica tor; the totul cor-

~ rc~L.~oo range to be ±. 200 divisions i nstead of t 50 divisions. 

( c) Tht.t the voltage guin of the audio amplifier be increc.sed to 
cLve the ~udio output re~ulred by pars . 3-6(d) und 3-18 of ref.(b). 

(d) That 400 vol t fixed condensers be used instead of the 200 volt 
type furnished. 

(e) Thet the coupli:ig between crystal and heterod,,.--.rne be reduced so 
thct the zero be~t zone ls not gre~ter than 2 divisions at any frequency 
:n the calibrated r&nge. 

(f) That the oscillator be !:!Ude to !Jaintain a constant frequency 
-nhcn ~ubjected to severe shock and Yibration . 

(g) That all groll!ld connectionz be nude direct to the shield end 
not through screws used to support conponent parts. 

(h) Tbut a better gr~de of fiber ~asher be used to protect isolon
~lte p5.rta and binding posts, so that all parts will renain secure through
out, the te.1-perat'.lre and hwnidi ty chanees called for by the specifications. 

(i) That flll tube clamping devi~es be so arranged that it is not 
nccess:,ry to twist the., out of shape to have the adjustment screws line 

• up v::. th the n.cce~s holes. 
~ 

r (jj Th.at the crystal. coupling conden$C!' (C-4) be suitably protected .. . . 
,A~~~ .rtr,t ~orrosion. 

{k) That the cryswl.s be held rigld .:..n the ,1heel 71i th sufficient 
,~l.,.r.1~,:ince frot1 the case to prevent scrutching the paint. 

~ . (1) Th~t the tube sockets be marked with the tube type nu~ber. 

~ (:n ) TI11:t t t.lrn s eriul nu:,bcrs be engrc:.ved on t;he front p!!.nel and 
cal i.brfa:tio!1 c.~art to a v,,id asse::.bly of the equipEent m th the. wronc ch:u-t. 

t.-
( n) Tbe.t sor:ie fort.1 of bro.cket be provided to support the cquip11ent. 

v1nen o-.1t of the c:-i.ce . 



( o) Tun.';. the spe.re parts be fur!'li.shed wi th models sent to the 
I,ri.bor&tory fo r test. 

(p) That the vol u:11e con trol be l!lude to unlfor.:D.y v&.ry the sjinn.: 
trr:i 1gr1ou.t ~ t~ entire range ;·1l thout affectin6 the frequen cy of the crys t,al 
01· hct,.::irodync oscillators • . 

(-:r) Th,1t nll cr-.:rs tcls be ground ln accordance with specifications. 
Thr ee out of t en do not !:icet the :!"equlre;nents. 

(r) Tha t, so!:!e :!leans be provided to quickly atta ch 8.."ld detach the 
~cl i.brc..t lon cha.rt. Latches sbilar to the ones used to hold the equiµ:nent 
~o +he notmtlng base are suggested. , 

(s) Tha t this equipment be considered unsatisfactory for use in the 
N:·vnl Se r v ;ce until the abo,e recor.u:1en~a.tions are complied TTith in a r:ianner 
;--,ecti nz the approval of the Bure&u of Engineering. 
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DE5CR.1.PT ... mt Qf...1.:i,T~.lhL _tg~f!ER T~ST 

5- The ,.io~el 1,.r t..lr~r ,ft cry~t.--1 frequency indicator, Ser. No.11, 
·:1c.c. :ir-inuf,.ctur-ed by the Hyt::·r1de-::iy1 vanla Corporation and it consi~t0 of 
u crystal osrill,::.tor ::nd a. callbr cted het9ro<lyne oscillator. A 75 t 11be 
~A m·ed for t'.-ie cr yst:-1 oscillator. A 6t.7 is used as a heter::>clyne oscil
l&tor and detector. l'. 37 is used as an audio output tube. The fila.-::ent 
und plate suppl y is cbtuined by connecting the indicator cable to the 
j1met.i.on box of a I.!odel RU-2 or RU-3 receiver. Any one of ten crystals 
,iay be selected for direct check of a tr&ns!:litter or r eceiver at their 
fu.'l.dn!:1enta.l or hru-r.ionic frequencies. The heterodyne oscillator can be 
calibrated against any one of the crystal fundamentals or ha..T-!!lonics and 
a transmitter or r eceiver frequency checked at points r emote to the 
crystcl frequencies. A strip type calibration chart is mounted on top 
of the equipment. 

M1''I119D OF TEST 

6. 'l'i-ie back l ash was tested by moving the fine adjustnent dial 
through the arc that caused no movement of the condenser shaft. 'I'he zero 
be~t zone was checked by beating the heterodyne against both the crystal 
oscillator and a transmitter. £hls zone is equal to the total move:ne.~t 
of the fine adjustment dial minus the back lash. The zero correcting 
dc'lice w~s checked from the temperature frequency characteristic curve 
of the heterodyne oscillator by noting the frequency change at different 
t emper!::;tures find attempting to reset the correcting device to compensate 
for that frequency change. 

7. The audio output was I.'leasured for three different conditlons 
as follows: 

l·' ~ .. _::► .,, 

~ .. 
- I,. .. 
r-

. 
.. - ..,,.. -- .. <.r. ... 
~ -~ 
~,~~ 

(a) The crystal oscillator beating with the standard signal generator. 
(b) The heterodyne oscillator beating with the ste.ndm-d signal generator. 
(c) The crystal oscillator be&tin8 with the heterodyne oscillator. 

In each case the audio frequency power output was measured by a power out
put meter. 

8. Temperature frequency characteristic data of the ci:t;stal and 
heterodyne oscillators were taken at ecch 10° from - 30° to +50 C. At 
+lO° C the battery voltage was changed ±. 10% and frequency changes of 
the crystal and self oscillators noted. For all other measure~ents and 
one set of readings at +10°c the battery voltage was kept constant at 
12 volts by charging the battery at the proper rate from the 110 volt 
doCo line. 

9. The radio frequency energy available between the output termi
nal and ground was measured by coupling the crystal frequency indicator 
direct to the receiver terminal and noting the output at 1,000 cycle beat. 
The standard signal generator was then substituted for the crystel fre
quency indicator and the necessary voltage supplied to give t.~e same 
output indication. ·l)ie voltage supplied equals that genereted by the 
crystal frequency indicator. 

... -2-
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10. Flight tests wer e conducted at the Naval Air !:>tatio!l, A."lacostio., i;·· · 
D.0., to deter~ine the general operatin~ characteristics of the equ..ip.:ient. 
Frequencies were measured by the crystal frequency indicator and the Naval ~ I 
Research Laboratory at the same time during f l ight. After the hlodel W :"9'i~, 
e<JUiJ:-nent was adjusted to heterodyne the 6060 kilocycle carrier fror.1 Vl8XAL 

4
--.r·;' [ 

to give a beat note of a bout 800 cycles in the non-oscillating receiver, · T .~ ~ 
two successi ve lm1dings \'lere made on the field to deter:iine the frequency ~ 
shift due to v.i,bration and shock. 

1 
~ 

11, The following instr u~ents were used: 
I 

(n) General Radio Model LC-A standard signal generator, Ser.No.2. 

General Hadio output power meter, Type 583-A, Ser.No.67. ' .-
. 

(b) 

( c) 

(d) 

Special refrigerator assecbled by the Navo.! Research Laboratory. 

Frequency standard neasuring equipment, Model LF, Ser.No.l exp. 

I ;, 
- 1 --,q~ 

(e) 

heterodyne freque.~cy measuring equii:ment. 

Weston D.O. voltmeter, Model 1;5, Ser.No.41097, range O - 15, 
accuracy within 1/3 of 1% of full scale value at any part 
of the scale at 68°F- in horizontal position. This instrument 
wes used to r.ieasure the battery voltage. 

(f) iieston D.C. ammeter, liodel 45, Ser.No. 30006, accurate to v1ithin 
1/2 of 1% of full scale value at any part of the scale at 
75°F. This instrument was used with a 50 mv shunt, Model 24, 
Ser.J-Jo.115618 to measure the filament current. 

(g) 

(h) 

(i) 

Weston D.C. volt:neter, Model 564, Ser.No.1280 was used to 
~easure the plate voltage. 

Weston milliarnmeter Model 1, Ser.No.32195, accurate to within 
l/!/1, of full scale value at any part of the scale at 25°c 
was used to measure the plate current. 

General Radio beat frequency oscillator type 513-D, Ser.No.60. 

DATA RECORDED DURING TEST 

I I I 

. ' 
0- r 

12. The da ta recorded during these tests is shown in the tables and 
plates of the appendix. Plates 1 to 10 show the temperature frequency char
acteristic of the crystals. Plates 11 and 12 show the temperature frequency 
characteristic of the self oscillator. Plate 13 shows the linear charac
teristic of the detector and audio runplifier. Plates 14 and 15 are photo
graphs of the equip:nent. 

-•' 

13. Appendix 1 is a report of the flight tests made at the Naval . , :-i 
Air Station, Anacostla, ref. (d) of this report. Table 1 shows the tabu- •1. .:. 1 
lated frequencies checked during flight test. Tabl e 2 shows the tabulated ~. · 11 

power outputs. Table J shows the crystal data of ·three unsatisfactory ~- t: • .... .-' 
crys t.als. Table 4 shows the radio frequency output. •. 7- , i ,.

1 
◄ I -t::. V--' . \.L . ~., :.!: 
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DISCUSSION OF _FROBABLE ERRORS 

14- The accuracy of the measuring equipment used f or these tests is 
[iS follous : 

~.-. 
' . .. , .. _ 

t 11. 

T • .~ • 

RESULTS OF TESTS 

Standard signa l generator 

Poner output me t er 

Temp~ra ture measure!!lents 

Frequency measurements 

Low voltage readings 

Filament current 

Plate voltage readings 

Plate current readings 

±. 0. 1% 

±. 0.001% 

:t 0.33% 

±. o. 5% 

+ 2% 

± 0.25% 

15. No comment will be made on paragraphs of the specifications that 
are satis factory. All other specifications will be listed in order and the 
defects noted. 

1-1. This equiµnent can be satisfactorily installed on various 
classes of Naval aircraft. The operation is unsatisfactory es follows: 

The heterodyne oscillator changes frequency and at times stops 
os.Glllating due to vibration, shock, and difficulties inside 
of the sealed can containing the variable condenser, coil, and 
sv,itch. 

E..xcensive back lash was observed varying between 10 and 15 dial 
..divisions due to the fit of the worm drive nnd bevel genrs. This 
should not exceed 2 divisions in accordance with specification 
J -21. No easily accessible means for adjust~ent or lubrication 
of the gears is provided. 

The zero beat zone approxi.oates 10 divisions in additlon to the 
backlash. 

The zer o correcting ~echaniso for the heterodyne oscillator is 
inadequate. It should covert 200 divi sions instead of±. 50 
divisions. 'I'be index denoting hundreds divisions should be 
geared to this zero correcting device in such P.. manner that one 
hundred di visions of the fine adjustment would equal one division. 
\'lhen making a reading, if the hundreds dial shows approximately 
3450 di visions and the correction mechan..lsm is set 50 divisions 
off, it is confusing to the operator whether the actual reading 
is 3400 or 3500. If the index moved as stated above this could 
not occur. 

... -
j I ~ 

J • ' 
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(c) The 355 and 375 kilocycle cali brat i on points are not marked 
on the c.'1-iart . 

(f) The low grade fiber ,mshers used to protect binding posts and 
i solantit e ports shr ink with changes i n temperature and humidit;r. 
I'his causes : (1) loose input and output t erminals ; (2) one of 
the supporting screws on socket V-2 to me.lee poor contact with 
t he shi eld and the fllament circuit which i s grounded through 
thi s s crew f ails. 

(g } 

(h) 

(i ) 

The audio output i s inadequate for direct calibration of trans
mitters under flight conditions at harmonic frequencies of the 
crystal frequency indicator. A coupling lead of 18 inches t i ght
ly twisted around the antenna is insufficient for proper audio 
output and it widens the zero beat zone too much. Less coupling 
with more audio frequency gain is necessary. 

The volume control does not unifomly vary the output. Zero 
Gignal spots occur at different points throughout the range. 

Three crystals are off frequency by 2 to 4 times the maximum 
specified allo,1ance ( 544, 4135, and 4235 kilocycles). 'I'be 1..1.35 
kilocycle crystal also jumps frequency between -10°C and -20°c. 

(j) One of the 200 volt by-pas s condensers broke dovm during test. 
The voltage rating should be 400. 

(k ) The movable plates of the variable air condenser used with the 
heterodyne oscillator touch the stationary plates between 1000 
and 2000 dial divisions. Thi s is sealed in a can and it ls 
difficult to inspect or correct outside of the factory. 

1- 2-. The heterodyne oscillator is unsatisfactory for measlll'ing 
of a transmitter or receiver due to the following reasons: 

(a) See par.1-l(a). 

(b) See par.1-l(b). 

( c) See par.1- l(c). 

(d) See par.1-l(d). 

(e) See par.1-l(g). 

(f) 'Excessive frequency variation with changes 1n 
~~ temperature. The crystal oscillator is sat is-

• · ~• ... factory except as noted below: 

Three of the ten crystals are off frequency 
by 2 to 4 times ~e maximum allowed by the 
specificatlons. '!'he 4135 kilocycle crystal 
jumps frequency between -10°c and -20°c. 
lJ'\...,-. _,.,, ~,: ,..,.. ....,"l •+-.,. .. .L .:: - "'t •••• ~ - - ......,, -•" - .. .. _.,..,_ -- L -

_ _, ._,_ _ L • ·- -- _ .._.._, --- •••-• - -'-

above 4235 kl l ocycles. 
- 5-
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. ·l• 
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: ~ . --
1- 3~. The equip:ient is c~~plete except as noted bel~w. 

..... .,.~ -

r • 

(5) 

• .... -
5J.t 

Provision should be made to mor e easily 
detach the calibratlon cher t for monnting 
else.mere in the sh.lp. 

The miscellaneous spere parts and accessories 
be:-ein required should be furnished with the 
sa~ple model for test. Tests were delayed 
when condenser C-7 failed. 

;f ,t\· 
,'~~~JI 

, ff; ._ ; 
t .. -,, .. 

.. ''It""",-:.--.. ..; -,. . ◄- .~ 
nf"'·c-~ . .,_._...._ 
.. -~ .. .:':'::.:.. 
~ ►◄ 

_J ... ,-'" ~-. • J 2-2. See par.1-l(j) ,.J· -

· • 2-J. The base clamping device for the type 38617 (6A7) heterodyne 1t;...,i 
:·,ixer tube is tv1isted aroi.md because of lack of proper alignment \Tith screw ,J.-
dr Lver access hole. Threaded inserts would be preferable to the n~ts on these J 
tube clamps. 'lbe crystal coupling condenser (C-4) is subject to corrosion due : _ 
to use of unprotected brass and bronze material. .~ ~., 

-_~l 2-4. 'lhe workmanship is unsatisfactory as follows: 

(a) 

(b) 

( c) 

(d) 

(e) 

::;ee par.1-l(f). 

See par.1-l(e). 

See par.1-l(d). 

See par.1-l(b). 

See par.1-l(k). 

I 

• 
~ 

I 

I ... I • 

" -' 
-

(f) The inside of the case ls subject to corrosion 
where the crystal holders rub the paint off. 

(g) The tube sockets ure not marked to indicate the 
type of tube to be used. 

(b) 

(i) 

(j) 

Serial ntnnbers are not engraved on the front 
panel and calibration chart to avoid assembling 
the equipment with the wrong chart. 

See par.1-l(a). 1 

The bracket that supports C-2 and C-7 cannot be 
removed end replaced without removing L-7. This 
bracket should be so shaped that it would support 
the \'7eigh t of the equipment when out of the case. 

2-5. Crystal coupling condenser (C-4) is subject to oor~osion 
due to the use of unprotected brass and bronze material. See par.2-4(f). 

~ -"T1 

.. .-



2 7 rm..· • ~ -:io0 c - • .w1 $ equipment 1ms tested in temperatures ranging .1.rom -_,, 
1;0 +50°C. r-ben the tei:iperature was dropped .from +50°c to +10°C to comply .-
\·11th oar. J-26 of specifications, the fllanent circult foiled a s noted by •\?' 
pr..r- .1:..1 (f). 

2-10. 'Ibe following items entering into the construction of this 
equipoent ere not ce..pable of operating continuously without dB.J:1age: 

(a) Condenser C-7 broke down during tests. The voltage 
rating is too low. Sec par.1-l{j). 

(b) Crystru. coupling condenser C-4 is subjected to da!!lage 
from corrosion. See par.2-5. 

(c) The crystal holders rub the paint off inside the case 
and corrosion takes place. See par.2-4(f). 

2-11. No platfor:n or acceleration testing equipment is available 
for this test in the Laboratory. The heterodyne oscillator changes frequency 
and stops oscillating at tlmes due to vibration and shock. Flight tests were 
made at the Naval Air Station, Anacostia, D.C. See Appe..~dix I, NASA Report 
RT-2, 

und 

2-13. bee par.1-3 ( 5). 

2-l!l-. See par.2-4 (h). 

2-15. Sec par.1-l (f). 

2-16. See par.l-l(a), 1-1 (k), 2-4(f). 

2-20. 'lbe oscillator grid and plate leads are not properly supported 
isolated from other leads. 

2-21. The best material known is used for this purpose. 

2-25. See par.1-l(d) . 

2-26. ~one used. T 

2-31. Operation is safe, but performance is unsatisfactory as noted 
i n pars. 1-1 and 1-2. 

2- 35. See par.2-3, 2-4(f). 

2-37. Tubes could be changed much more readily if thumb screws or 
latches were used to hold the equipment i~ the c&se instead of round head 
screws. 

2-39. The bracket supporting parts (C-2) and (C-7) can.~ot be removed 
and replaced without re!;loving L-7. 

,., 
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2-40. The calibration curves show the frequencies increasing down
(toward the operator) r ather than in the usual upwe.rd directlon. 

2- 41. The 4135 kilocycle cr-.fstal jumps frequency between -10°C and 

3-1. ~ee par.1-l(d). 

3- 2. See par.1-l(g). 

3-4. This method is satisfactory, but the zero correcting device • 
is inadequate for correcting the oscillator at all temperatm-es ranging 
between -30°C and +65°c. See par.1-l(d). -f 

3-6. (b) The grid and plate leads to the heterodyne oscillator 
ere not isolated or screened from other circuits. 

(c) See Plate 13. 

(d) The output circuit matches a 10,000 ohm impedance 
and all output powers were measured at thls value. 
20,000 ohJ'!J. or 600 ohm phones are suitable at re
duced output powers. See par.1- l(g). At 355 and 
2102.5 kilocycles, the audio output was checked in 
three differeryt ways: 

(1) 1/2 volt from the standard signal generator, 
beating against the crystal oscillator. 

(2) 1/2 volt from the standard signal generator, 
beating against the heterodyne oscillator. 

(3) The heterodyne oscillator beating against 
the crystal oscillator. 

Table 2 shows the results of this test. 

I I 

.. I 
3-11. The pressure and humidity could not be controlled. Temperature .-. 

frequency curves were taken from -30°0 to +50°c as shown by Plates l to 10 \ 
i nclusive. Voltage variations as specifie4 by par.J-26 do not alter the opera-
tion. Vibration does not alter their operation. 

3-13. '.rhree crystals are off frequency at +10°c as shovm in Table 3. 

3-15. (4) Temperature frequency characteristic data is sho.m on 
Plates 1 to 10 inclusive. 

3-16. As shown by Plates 1 - 10 the change in frequency per 0 c is 
within the specified 0.005 %. 

3-17. 'Ihe temperature frequency characteristic of the high frequency 
range of the heterodyne oscillator is unsatisfactory. '!be frequency jUIJps 
between +10°c and +2Q°C. See Plate 12. 

... 
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., 3-18. See par.1-l(g) • 

3-19. See Table 4. 
t· .. 
\.ri1, .. 

3-20. All coils are contained in sealed cans . The temperature and 
humidity can be deternined best by the naval inspector at the time of seal 
off ln the f~ctory. 

3-21. See par.1-l(b) . 

3-.22. The cable is satisfactory. At 12 volts the fila.'llent current 
ls .6 8.!!lperes. At 200 volts plate supply the current drain is .006 anperes. 

3-24, See par .1-l(e), 1-3(3). 

3-25. See par.1-l(d}. 

3-26. (4) See Table 3. 
-=• ~· 3-27. ( 5) See Table 3. 

3-28. The dimensions of this equi~ent are 8-13/16" wide, 8-7/16" 
deep, and 10-1/2" high. 

3-29. The frequency indicator complete including tubes, calibration 
~hart and motmting, shock absorbers, and detachable base but without crystals, 
weighs ll lbs. and 6 oz . n'hich is 1 lb. over weight. 

Crystals weigh 1 lb. 2 oz. 
. ' ' 

Cable weighs l lb. 11 oz. 

16. The following item by item summary of defects noted shows that the 
specifications are not conpli~d with. This summary is classed L"l two groups, 
;Jecha."li~al and Electrical. The numbers on the left are those of paragraphs 
in ref.(b} whi ch cover the points discussed. 

1-1, 2-4, 
2-15. 

.. r.1echanical 

The input and output terminals are loose due to shrinkage of the 
low grade fiber washers used behind the panel. 

1-1, 2-4, The 355 and 375 kilocycle calibration points are not marked on the 
3-24, · chart. 

1-1, 2-4 The zero correcting mechanism for the heterodyne oscillator is in-
2-25, 3-4, adequate. 

3-25. 

1-1, 2-4, Excesslvc back lash was observed. 
3-Zl 

n 
; 
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1-2. 

..... 

Tne =ero beat =one approx.lmates 10 dial divisions in addition to 
the back lash causing unsatisfactory measurements, 

The base clamping device for the type 38617 (6A7) heterodyne 
mixer tube is mechanically uea.k. 

2-3, 2-5, Crystal coupling condenser (C-4) is subject to corrosion due 
2-10,2-35. to use of tm.protected brass and bronze material. 

2-3 , 2- 4, 
2-16. 

The ~ovable plates of the variable air condenser used with the 
heterodyne oscillator apparently touch the stationary plates 
between 1,000 and 2,000 dial divisions. 

2- 1,,. , 2-15 .All grotmd connections are not made direct to the shield. 

2- 4, 2-5, The crystal holders rub against the paint inside the case. 
2-10, 2-16, 

2-35. 

. . 

2-4 · The gear drive mechanism is inaccessible for lubrication, cleaning, 
and backlash adjustment. 

2-4 The tube sockets are not marked to indicate the type of tube used. 

2-4, 2-14. The serial numbers are not engraved on the front panel nnd calibra-
tion chart to avoid assembling the equipl:lent with the wrong chart. 

2-4, 2-11, The heterodyne oscillator changes frequency and stops oscillating 
2-16. at times under vibration and shocks. 

2-L., 2-39 The replacement of condensers C-2 and C- 7 cannot be readily 
accomplished without removing L-7. 

3-29. The equipment is one pound over weight. 

1-3, 2-13 (par.5} lbe miscellaneous spere parts and accessories herein re
quired were not furnished with the sampl e model for test • 

... 
I :.. 

.... -- .... . - Electrical 

1-1, 3-2 The audio frequency output is inadequate. 
3-18, 3-6(d). 

1-1, 2-16 The operation of the heterodyne oscillator is not satisfactory. 

1-1 The volune control does not uniformly vary the output signnl. 
Zero signru. spots occur at different points throughout the range. 

1-1 The 355 kilocycle crystal failed to os~illctc ~t ti~es. 

1-1, 2-2, Conden~er C-7 broke down during these tests. 
2-10,2-18. 

-10-
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.:2-15. 

2-41. 

3-13 , 
; - ;::6(/1) ' 
3-;.:7(5). 

3-J.7 . 

The f:::.lc.,11en t suppl;,· to t he 75 m1<1 37 tubes f £.iled Lt tin e s • 

• . 

The 4135 kilocycl e cr ystal ji;mps frequency between -10° C and -20° C. 

At +10°C th=ee cryst-f-.l s are of'f frequency. 

The te::.peraturc frequency charccteristic of the high frequency r nnge 
of the heterodyne oscillntor is unsntisfactor,J. 

1-2, 3- 27. The nide zero bee t zone causes inaccurate readings. 

17. The pnrc:graphs of ref. ( b) in which this equlp:ient does not meet 
r equ.lrements are stmmarized as follows; 1-1, 1-Z, 1-3, 2-3, 2-4, 2-5, 2-7, 
~-10, 2-11, 2-13, 2-14, 2-15, 2-16, 2-18, 2-25, 2-35, 2-39, 3-2, 3-l, 3-13, 
3-17, 3-18, 3-21, 3-25, 3-26, 3-Zl, 3-29. 

CONCLUSIONS. 

18. It is concluded: 

(a) That, the i.iodel Ll aircruft crystal frequency indicator does 
not meet the requirenent~ of the specirjcations and it is unsatlefactory for 
use 1n the Naval ~ervice in its present condition. 

(b) That the heterodyne oscillator frequency readings ~re un-
r e1j c..ble. 

(c) Tha~ the back la::b in the gear drlve mechanism le excessive 
end no accessible r.1eans for lubricatlon or adjustment is provided. 

( d) '!hat the zero beat zone is too wide. 

(e) That the audio output is inadequate. 

(f} That the zero correcting mecho.niro for the heterodyne oscil
h .tO!' does not cover a suffj cient number of divisions to correct for nJl 
ter:;peraturee between -30°C and +50°c. 

(g) That the crystal coupling condenser (C-/4) is subject to cor-
roslon. 

·(h) That some cf the £round connections are improperly made 
t hrough screws the.t make high resist~mce contact to the shlcld. 

(i) Thnt the equip~ent is one pound over vre.ight. 

(j) Thet the voltbge r~ti ng of the by-pnss condensers i 3 too lo~. 
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(k) That three of the ten crystals are unsatl sfact ory. 

(1) That the crystal oscillator is satisfactory for adjusting 
tr-cns.r::i t t ers and receivers t o the fundar:iental second, third, and fourth 
nD-rmonic frequencies provided the crystals o.re so.ti~factory. 

(r.1) That except for weight, size, and the convenience of set
ting a transmltter or receiver to the crystal frequencies and their harnonics, 
tbe .w:odel LJ is surpassed by the 1Iodel LJ-1. 

~ 
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.?.UTEORlZATIOH 

1. The tests reported herein were conducted unde r authority of 
Eu.J\ero ltr Aer-E-31-FN.:, Fl2-1, tl-5(1) of 27 Nov., 1934, in cccordance 
with the procedure outlined in Buf.ng ltr F42-1(11-8-TI3) of 17 Nov., 1934, 
nnd in confomi ty vli th the procedure suggested by NRL under Appendix ( /J.) 
herewith . 

REFERENCES 

tests: 
2. The following references served as guides ~n conducting these 

(a) NRL's Proposed flight Tests for Model LJ 
Frequency Indicator, Appendix (A) herewith. 

(b) Instruction Book for Model LJ Crystal Fre
quency lndicator, supplied by Hygrade
Sylvania Corporation under Bureau Req.278-1JX2 
Cont. 32109, date June 30, 1933. 

OBJECT OF TESTS 

3. The object of these tests was to determine, from exe.mination, 
install~tion, and actual flight operation, the relative suitability of the 
Model LJ equipment for service use aboard naval aircraft, as well as its 
compliance with certain requirements of the governing specification. 

EQU1P~1ENT UNDER TEST 

/4. The equipment tested - Hodel LJ Frequency Indicator equipment, 
Serial No.11 - was supplied for this purpose by the Naval Research Laborn
tory. Manufactured by the Hygrade-Sylvnni a Corporation, Clifton, N.J., it 
consists of the following component parts: 

(a) Frequency indicator chassis and case. 
(b) Indicator mounting base. 
(c) Calibration chart in housing. 
(d) Shielded 5-conductor cable with plugs. 
(e) Set of ten crystals in type 40001 holders. 
(f) l vacuum tube, type 38617 (6A7) 
(g) l vacuum tube, type 38075 ( 175) 
{h) l vacuum tube, type 38037 ('37) 

5. Items (a), (b), (c)~ and (e), listed in the preceding parr..graph, 
are shown on Plate 1 (herewith), v1hile Plate 2 show~ the inner top view of 
the indicator unit, itera (a). The equipment is described in det8il, with 
illustrations and circuit diagram, in the instruction book, reference (b) 
u\derparagraph 2. It employs a type 38075 tube as crystal-controlled oscil
lator, a 38617 tube as combination heterodyne oscillator mixer tube, and a 
detector, and a 38037 tube as i ~pede.nce coupled audio aoplifier which couples 
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to, the output headEet j~ck throt:.gh a .04 mf d condenser , without the use of nn 
output trarn;for-rr:er. The equipr:1ent is de~igned to cover the frequcnr,y r t.nge 
fror:1 195 to 1500 kcs ., &mi fron 2 1 000 to 13, 600 kcs; ten cryf.'.tc>ls ar e ~upplied, 
n;ounted in a turntable-rack , covering the following freq uencl.es : 355, 375, 1,25, 
lL,O, 500 , 516, 544, 1.135, 4205, and 4235 kcs . The crystals ~re ipparently of 
the X-cut type contLir.ed in air-gap type holders adjusted by the contractor . A 
selector s .. ltch gives the cholce between crystal and heterodyne O$Cillation, or 
both fo!" ctlibration purposes. Heater cmd plc.te voltage supply is derived fron 
t he spare outlet on a type CBY-23O11-A or sioilar jtmct i on box, through the 
chielded cable supplied vlitb the LJ equipment. 

ABSTRhCT OF TESTS 

6. The model LJ equipment (Ser.No.11) wa.s delivered by n representative 
of the Naval Resehl'ch Laborc,tory 9 January, 19.35. It was instwled in XRE---1 
Dellanca cab.:.n plc.ne No. 8938 on 21 January and was flight tested froo 1140 to 
1500 on 28 January, 1935, in conjunction with an instcll~tion comprising the 
following additional equipment: ffodel GO transmitter, Model RU-2 Receiver, 
j.Jodel NEA-1/l. engjne driven generetor, !,lark V storage battery. Necessary comple
tion of flight tests with other equiptient (Model LJ-1 frequency· indicator) and 
n.dver se flyfog weather caused some delay in the tests of the LJ equipnent. 

7. Details of the flight test procedure vrere arranged prior to the 
~tli"verbal agreement nith represent~tives of the Navel Research Laboratory 
i n otcer to insure simultaneom; precision frequency measurements at that place. 
Two-way r&dio comr.nmication vms r.J.uintalned with the Naval Research Laboratory 
during the flight. The t ests in general followed the procedure suggested in 
sections 3-2, 3-3, and 3-30 at the end of Appendix (A). 'Ihe model GO transmit
ter wus successively edjusted to 8 different frequencies (from 355 to 12705 kcs), 
each of which we.s measured simultaneously in fiight with the LJ equipment, and 
on the ground by the Naval Research Laboratory. Flight measurements of received 
frequencies were then made on signals from the Naval Research Laboratory, from 
the Nav&l Air Station, Anacostia, D.C., and from a Cincinnati high-frequency 
broudcast s t at.ion, for comparlson with simultaneous precision measure.i:1ents by 
the Naval Reseerch Laboratory. Two successive landings were then made to de
termine any effect of shock upon the frequency setting of the LJ equipment. 
Pr~or &nd subsequent to the flight tests, the equipment was carefully examined 
to indicate further its generF...l suitability for service and flight use in 
nircraft. 

SLfai;'!.ARY OF CONCLUSIONS 

8. The conclusions of this stution, bused upon the herein repor ted ex
arr,inution und tests of the model W crystal frequency indicator, are smmcrized 
c.s follows: 

(a) The equipr.icnt docs not meet the specification requirements . 

(b) The equipment is useful and serviceable for adjufting 
radio transmitters end receivers directly to the fre
quencies of the con~~ined crystals or their second 
harr:,onics. 

-4-
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(d) 

(eJ 

(f) 
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As a. heterodyne .frequency JTJeter the equip::;ent ls 
not suitable f or service use, because of excessive 
backlash and lnsufflcient mechanical correction 
range of t he i ndi cator dial. rnechanlsm . 

If the equipments ar e r econstructed t o r enedy the 
f nul t s s et forth lmder (c) above, they would ap
pear useful for adj us ting radio receiver s dir ectly -
and because of VIealc audio-frequency output, r adio 
trans~itters indirectly with aid of the r eceiver -
to any frequency within the prescribed range of 
195 to 1500, and 3000 to 13,600 kilocycles. 

The accuracy of the LJ equipnent tested as a hetero
dyne oscill~tor was one-half of one percent when 
departing appreciably from the crystal calibration 
points. lt is believed that if reconstructed ns 
suggested in (d) above, and if supplied with a 
high-frequency crystal suitable for checking the 
upper region of high-frequency settings, a mean 
accuracy better than one-tenth of one percent may 
be expected. 

With the exception of its smaller size and weight, 
and its greater ·convenience directly on the crystal 
frequencies, the LJ equipment is surpassed in general 
utility and serviceability by the ~odel LJ-1 equipment 
now being manufactured. 

RE~ULTS OF FLIGHT TF.sTS 

9. The following trans!!!itter adjustments, and frequency measurements 
of trensrnitted and received signals in flight, were made between 1140 ruid 
1500 on 28 January, 1935, and are compared with true frequencies as measured 
simultaneousJ.y, on the grotmd, by the Naval Research Laboratory. During this 
flight, the ambient ter.1perature in the vicinity of the LJ frequency measuring 
equipment in the airplane varied between minus three and plus three degrees, 
Centigrade. 

Adjustments of Model GO Transmitter: 

Nominal tieo.sured True 
Freq. with LJ .Freq. 
Kcs. Kcs Kcs. Error M~thod 
355 354.9 354.39 +.14/~% Heter odyne 
5/4.4 544.2 5 L,J,, • cl:, -.065% Crystal direct 
565 565.0 564.87 +.023% Heterodyne 

11135 4135.0 41.35.80 -.019% Crystal direct 
6010 6080.0 6110.37 -.268% Heterodyne 
8210 8200.0 8208.50 - .104% Heterodyne 
8410 8410.0 8,41 3.50 -.042% Crystal, 2 har monic 

12705 12733.0 12667.60 +.567% Heterodyne, third har-
monic of 4235 kcs 

,: ,...,...,c:+,:: l ...,f"\+ ., nrl-i 1-. l ,.,, 

- . .. . .... 
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Norrlnal ;.,;el,sured True 

F'req. ;,i th W Freq. 
_K_c.;c...s;c..· ;;...• ____ K-=c-"'s.;;... ____ _;;,;;K.;:;.c::.:.s.;;... _ _ ___ ...:E::.:r~r~o~r:...;:~ ____ _..:.:.i,l~ec.;::t~h,;o..;::d~--

;. ·easurer,€nt. o.f slern, l:: from HRL Trans:r:i tter (NKF) : 

52/4 Heterodynlq; reception 

:iensm·ement of signals from Nf,..S, Anacostia Transmitter (NSF) : 

6010 6039. 5 6008.15 + . 320% Heterodyn~ng r e ceptlon 

"er,surene~ts of signal~ fror.i I;8XJ;L, Cincinnati: 

6060 6093.5 6060.00 +. 551% Heterodyning reception 

10. Aft~r adjustment of the L.T equipr.ient to heterodyne the 6060 
kilocycle carrier ' from h8XAL to give a be&t note of about 800 cycles in the 
non-osc.:.lJ & ting :r·ecei ver, t\·10 successive landings were made o::i the field. 
TheFe lanu i.ngf to~ether with the intervening tnke-off resulted in n slight 
freqt:.cncy shift not exceeding 100 cycles; a te:::porc.ry addi tioncl frequency 
,1rlft est.!.:>:eted at 100 cycles was observed during periods when the enr.;ine 
r:H .idling i:-.ncl ch&rging of the be,tterJ was interrupted. The shock nounting 
of the W e1uip!!!ent was swficien:.ly resiliant to give n substb.ntie.lly pure 
be,,t note under nor:::al flight vibre,tion, and appeured adequete for r.:echo.n
j ccl protection during landing2 ~nd t&xying. 

11. Peri'orm&nce of the W equlp,."'.lent in flight was inpa.ired by the 
follow.:..ng facto!"s: 

• (a) The 355 Kcs . crystal !'ailed to oscillate. 

n..:. ~ 

~ 

·-~ 

,_ 
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(b) 

(c) 

(d) 

Excessive backlash was observed, varylng between 
10 and l S dial divisions; to reduce considerable 
possible error from this source, it was necessury 
to exercise care to take all readings in a numerical
ly increasing direction of adjustment only. 

Excessive v1idths of zero beat zones up to 10 dial 
dlvisions were noted during measurements of trans
mitter frequencies with the LJ in heterodyne con
dj tlon, which in combination with the excessive 
bucklash served to inpair the facility 6lld nccurecy 
of operation. 

The mechanical die.l index correction feature was 
found totally inadequate in flight. necessary 
corrections ranged between 90 snd 160 divisions 
(up to 1.6 turns of the vernier dinl), vlhile any 
:c1echc.nical correct.ion even approachlng 50 di vi
sions would becooe confueing on &ccotmt of the 
resul t,lm.j; di~cr0pU1cy between the movable unit 
index 1rne ,.md the reE:di.ng of the fixed lndex line 
denoting the hundreds of divisions. 
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t>1.nce the only high-frer1uency crystc. ls supplied ure 
1..135, 4-205, and 423:- '•cs. only u very ll:n2.tod zone 
of self-ccilibr~tion of the cquip~en~ i3 provided, 
with resultr.nt loss of accur l!cy .:.n orJ-ter s:sle regions, 
c.s used for the 'j .nJ 12 ::i-~.;r.:cycJ e :?e~sure.:.ents tBkcn 
:.n flight. 

(f) The 355 and 375 Kcs. calibratlo~ check points ;.ere not 
found especially uarkecl on the calibration chart. 

(gi The audio-frequency output obtained fro~ the L.J equip
ment during direct 11ec.surez:1e."1ts of trunsr.1itte<l .fre
quen.cy above 3000 kcs. was generally inaderiua te. 'lhus, 
on 4135 kcs, with mi 18 inch pickup le~d connected to 
the I,J input post, only 0 . 4 mlllittatt bout signal was 
obtc:!lnable into e 600 oh:i1 bendset , miile at 81,10 kcs 
only 0.07 milliwftto couln be obtained-- end this only 
arter twistL'1g ti1e 18 inch pickup lead tightly c.round 
the insulated leod connecting to a 20 ft. fixed external 
witenna. Still greater input coupling resulte<l only in 
tmdue widening of the zero beat zone. .1.n the rela tlvely 
quiet single-motored cabin plane it was still possible 
to ~heck all transmitter frequencies dlrectly with the 

~ LJ equi~~e."1t, but in servi ce use nbourd patrol planes 
•• "ii it viould appe..1.r necessary to resort to an indirect :!l.ethod 

employing the receiver us an intermediary. 

12. Suitable input to the receiver was obtained fro~ the W equlp~ent 
at ?..11 frequencies tested; the v~ri&ble volume control on the !,J eq1lipi.::ent 
;•1~s fo1mcl to be a great convenience in establishing the desired strength of 
signal over a considerabl e l atitude of co~1>ling ranging from the pickup from 
the LJ output post alone, up to n coupling lead two feet in le."lgth placed 
~dj ncent to the receiver antenna lead. 

@-i,.;.lJ;_NATi()N OF CONSl'RUCTWN 

13. The clbensio!'l:; a."1d weiehts of the LJ frequency -neasuring equlp
.!en t were found to be as follows: 

Width= 8-13/16 inche:,, overall, incl:.ding 1-1/8 inch proj ectlon 
of :!hart cranks. 

Depth: 8-7/16 inches, ove::-cll, incl,.1ding 7/16 inch projection 
of connector plug shell ln re~r . 

Hc.'..&-l-it: 10-1/2 inc-.hes, overs.11, inc.l·.1ding shock :::ounting and 
chart t.:nit ; 7-1/4 in~hen without chart tmlt. 

Length of Powe!' Coble: 9 ft . /. in., over&ll, i nclu<line 2 pluis, 

Uelght of Cor.iplete £1uip?:1ent: ll .l'.25 lbs. incl·tding ~t,ble v1ei5:ht 
of 1.625 lbs . 

I 

-r-
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1/, • The follo7Tinc def ec ts ..:.n na teritl and wor ;c;s,mish i p ·Her c no t.ecl ..:.n • <> 
the eqwp~ent under tc~t: 

~~) 10 to 15 d ~v ' cio~s mechani cal b~cYl a sh of r eduction 
gear dri ve . 

(b) ?he bvo bind.:.ng pos t :; marked "Input" S."'ld ":::lutput" 
v1cre l oose .:.nd turn e<l in pun el, as result of 
shrinkage of lo\'1 grade fibre wb.shers used for 
insulation behind panel . 

(c) The 355 kcs. crys tal failed to operate ln ni6ht. 

(d) Ibe crystal cEilibr&tion points for 355 and 375 kcs. 
are not r:::•rked on the chart. 

(e) The base cli:::1plng device for the type ,38617 (6A7) 
heterodyne mixer tube is twlsted aroimd because 
of l~ck of proper ~lignment with screw-driver 
access hole. 

15. The equip:.1ent exhibits the following major defects ond inade
quc.cies in de::;ii;n: 

(a). 

(b; 

(c) 

The ~echanical dial correction is useful for corrections 
of less than 50 d~al divisions, Vlltlle correctlons in 
excess of 150 divisions were found necesse:.ry. 

The audio fre1uency output is inadequate for the direct 
calihratio!'l of transmitters in usual flight conclitio!'ls: 

:i:n t..he "high-frequency" ·position, t..1-ie upper frequency 
li.mlt (dial reading 50.00) \-Vas insui'flc.i.ent, resul:-ing 
bl the follo,1ing dis continuities in call brti ted range : 

\... 3998. 5 - 4,000 kcs. 
7997 - 8,000 kcs. 

16. The following f eatures ere noted fro~ the ste.ndpoint of durc.
blli ty o:nd co!"'rosion redsta.."lce: 

(c.) 'l'he open crystal 11indow in the front pnnel will nd--:i t 
excessive s prsy; l t could readily be provided v:L th 
c. water ~hed. 

(b) I>uring rot:Rt:on of the selector turntable, the cry$tal 
holders rub against the paint inside the cnee, wi t h 
resul t ent likelihood of corrosion when the pc.lnt 
we~rs off. 

(c) lnte.1-:lal a.djur:t ,!ble cryctcl ~oupling condenser- (C-4) 
is unplated copper or bronze, with brc.ss adjusting 
screw subject to corrosion. 

,: 

U, -• 
u -
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(d ) Out;put tu!:c c· thot], b~:--pc"~ conde~zcr (C- 9) , 2'J ~n. 
is of the ,;:lcctrol yti ~ t7p e . 

17 . The follo\·1in, 0 :-rilnt~· r.rc noted in co1mcction •·::.th r~.r-i1. i ty of 
~:ntcn~nce :nd 3ervl c in ; : 

(o.) The gc::..r drive : echanism is reli: tively inaccessi ble for l ~1bri 
ct..t.i.or- . ~lc··ning , c.nd bc.cklash c..djus tnent. 

( b) :.la rking of tube types alongside of' socketR would f l.cill te te 
replcce'Jent. 

(c) Threaded lnserts ,1ould be preferable to present separate 
nuts on tube b&~e cl~~plng devices. 

(d ) ','lhen re'!lovcd fro!!! the case, the interior portion o.f the 
_1e, ... surlng equ:..p.1cnt is subJ ect to dn;nage fron restine 
upon co11."lectlons under rear tube sockets . 'Ihe cla11p 
holding condense:-s C-2 and C-7 could recdlly be be.nt 
to serve ns a protective supporting leg. 

18. The follov1lng additional points nre noted in connectlon with 
• ... f.:.:~ il .i. ty a."ld accur,.cy of operation: 

(n) 

.c 

(b) 

( c) 

l 

The serial number of the equipment is shown on the case 
only, o.nd not on the f!"ont panel nor on the cho:-t 
unit; this may result in accidental interchange of 
major cooponent pQrts nnd r esultant confusion of 
accuracy. 

The direction of nu:nerical increase of the tmit dial 
reading (right to left) is not the naturtil. one, and 
is in opposite sense to the increase in reading of 
the 1:iain (hund!·eds) dial , with possible con.fusion 
to the operator. 

The ccllbrution curves show the frequencies increasing 
dommard ( toward the opera tor) rather thun in the 
usual upmu-d direction. 

"" 19. The following features of the !:lodel LJ equip:nent are cons idered 
to wo.rrant .favorable co1r1:--;ient: 

(~) Relatively s~all size end welght. 

(b) Neut and coopact layout of cor.iponent parts. 

(cJ Well-norked interior co~ponent parts. 

(di Satisfactory shock ~otmting. 



.,. 

NASA Report RT-2 

(e) Hlgh-grade soldering. 

(f) Provision of cryrtal-calibrate-he:i~rodyne s'.1itch. 

(g) Provi;.,lon of volu--i1e a nd sensitivity co!ltrol knob. 

(hJ U5c of elastic stop nut inserts in r ear chassis and 
front of case; this use could be further extended 
to replace (insi<le ci.se) four nounting nuts for 
chart unit. 

COi.iPLI ANCE HUH SPECIFlCATIONS 

20. The following items, referring to the specification extracts 
appended hereto appear not to be satisfactorlly co1aplied with: 

ITEM 

1-1 
1-.2 
3-1 
3-2 
3-4 
3-24 

REASOl•I 

- Par.11, 14, and 15. 
- Par.11, 14, and 15. 
- Par.ll, (d) and (g). 
- Par.11, (g). 
- Par.11, (d) . 
- Par. 15 (c); 14 (a). The calibration chart 

actually represents, in a single division, 
as :r.mch as 0 . 027% change in frequency, 
<:lround 1500 and a.round 7100 kcs. 

21. No in.formation was supplied this station in regard to the fre
quency precision required of the equip~ent; the frequency error obtained 
with thls equip::ient, as described in paragraph 9, appea~s excessive for 
s~tisfactory service use. 

-10-

7 
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Appendix (A) . 

Prooo3ed 1'1.ight Tests for l,lodel LJ 

Frequency lndicntor. 

flight tests should be conducted to see that the following s1)ecific:1-
tlons ar e sutisf actorily complied with: 

1-1. 'Ibis equipment is intended for and must be capable of satisfactory 
in8tallatlon and operation on various classes of Naval aircraft. 

l-2. Its parru:iount requirement shall be to measure the emitted frequency 
of any transmitter or to adjust a~y oscillating receiver to any 
desired frequency in the bund 195 to 30,000 kilocycles, for \lb.ich 
calibrations hnve been provided as hereinafter required, within the 
specified li~its of accuracy. 

2-11. The design must fulflll the denand that the equip!lent supplied 
operate successfully and without damage on a platform orientated 
any degree from the vertlcal up to and including 180 degrees in any 
direction. No damage to the equipment or vacuum tubes shall result 
frore repeeted landing of the plane in which it is installed. Toe 
equi~aent shall be designed to withs~d a maximum acceler~tion of 
8g (257.7 feet per second per second) applied in any direction. 

2-16. The design of the equipment must insure freedom fro~ da.~age and from 
faulty operation resulting from shock or vibration.*~· 

2-19. Suitable shock-proof molmtings shall be provided to secure the equip
r:ient to the structure of the plane in such a manner as to comply with 
requlre:nents of paragraphs 2-11 and 2-16. So-called "sponge rubber" 

1
, and/or coil springs will not be acceptable as a shock absorbing 

mediu,1, but may be used for damping. Where rubber ls used provision 
r.mst be made for easily replacing it with a mlnimum of disassembly. 

2-20. All connections within t.~e set shall be suitably supported to ~ini
mize changes in frequency or output or breakage due to severe vibra
tion under flight conditions. Flexible stranded leads shall be used 
wherever practicable within the requirements of these specifications. 

3-1. The measuring unit shall contain a crystal calibrator and heterodyne 
frequency meter and necessary controls, etc., as herein required 
within e single metal panel and container assembly. It shn.ll be 
capable of use for calibrating tran&!itters and oscillating receivers 
by means of direct comparison with the crystal controlled oscillator, 
a~d by means of direct co~parison with the heterodyne oscillator. l.n 
addition it shall be possible to correct the zero setting of the 
heterodyne oscillator by means of direct comparison between the 
heterodyne oscillator and the cr-Jstal controlled oscillator on the 
fundru:iental or har:·non.:.c frequencies of the crystal and heterodyne 
oscillators. 
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f,ppendix (A) 

fhe :::c tho<l of adji..:: ~.:.:ig the t rcns=i :ler to "' spcc..:.fic outrmt fre
•1ucncy shall be Zt.;ro be~ ting the trunsn, .i ttcr frequency ;·,l th Uie 
proper het.J rodyne o. cill:=.:. t or frequency un,1 e ffecting the compc.ri
son b:, ".e·-"ls of a p~lr of phone~ plugged into 11 su: ~- ble jack 
loc:::.ta:l on the front _p<;nel of the measuring un.:..t . 

The ~ethod of ~djustL"lg the receiver to a spc~i£ic frequency sbull 
be b:.,· zero b.e· tin; the receiver frequency with the proper oscilla
tor frequency as generated by the r:.easurlng unlt and effcctlng the 
cor,1x.rlc:on bJ L,en.ns of n pair of phones plugged lnto the receiver 
output juck • 

.1.'hc method of adjusting the zero setting of the heterodyne oscilla
tor of the u:cnsurini; equip..1cnt to ngree::!ent .-;i th the calibr~tion 
shcll be °b'"J zero bcr.ting the heterod-.;me oscillator v,l th the crystal 
controlled oGcillator end effecting the cooparison by ~eans of 
phones plugged into the jc.ck on the front panel of the measuring 
equlp::ie.~t. t~en the teterodyne sett.ing does not agree ~1th the cali
bratlon for the pc.~ticular crystal frequency selected, the hetero
dyne ~ero shall be capr.ble of being reset mechnnically to the proper 
point. 

The measuring equlpr1ent shall be calJ.brated over the range 195 to 
1500 kcs. ond 3,000 to 13,575 kcs. The calibration chart shall be 
coatained in a sepcrate unit capable of ?r:ounti.ng VTi th the equlp,:1ent 
or separ.:,tcly. This un:. t shtll utilize a strip type of calibration 
r.nd include ~euns for turning the strip to the desired range as viell 
as protecting the strip fro!!! the effect of tearing while unrolling, 
etc., or the effect of we~ther on any po.rt thereof. Provision shall 
be ~'.adc to read the calibration chart uccurately and rapidly. The 
calibr~tion chart and -.ounting shall be approved in detail by the 
uavy. The arrange:·-ent of the curves and divisions of calibration 
chLrt shull be such that one division represents not more tha..r1 one 
condenser division or 0.01 pc~ cent of the frequency ut e.ny part of 
the cc.libra~ed rcngc. It will not be considered satisfactory to 
furn:sh a co.libration of the ~undumental ranges only and requlre 
r:iul tiplicatlon by the opero.tor to determlne the har!!lon.:.c frequencies. 
The c.r.J.ibri::tion nust be cor::plete over the e!1ti!"e range specified 
above . The cr-jst~l freq, encie~ ~ust be nrerked plainly on the cal~
brntlon chnrt, r..t po.l.nt~ ncc:r the intersection of the heterodyne 
cclibration. In addition a c&rd shru.l be ~ountcd on the equip~ent 
sho~~ng vhe .etting :or ~~po-rtLJ1t frequen~ies likely to be used 
but for «hl ::h no cryGtaJ.s are &vnilablc. 

T'ae sho~k ~b.orb~ng ~ot:.."lting shnll be so designed as to secure to a 
horizont::..l :tble or proJ.:,r-tion of the c,lrplanc fuselage. Provision 
Bh~.11 be ·rnde to re: dily att1;..ch and detuch the 1::easurlng equip"1ent 
fror:i the · .oun ting b' sc "b-J r:.eans of t..1-ie projections of fOl~-r approved 
type ~ho~k ~bsorters . The shock o.b~orbcr2 shall, in co:::bin::>tlon 

(.iippendix P. 2) 
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1,ppenrli x ( A) 

,..,,;_+-1 ·r. rig: -:onr+-r ,..ti.on of the equij:X'!ent , c.ct to cli,. ina:.e 
->•·ophri<-. £::n ot~·e· u.'1Jc:.:rvLle note ch ..... r&~tcri•·!:;ics t•rJ all 
fr, 1

1 ·e~t"!·es 

lJl ·ont.roL shull be c pa:.,le o f ope1·ution by on~ ,;e&.rinf; iwt. vy 
E:loves 

The follo,r.i.!15 terts ~hould be :-.n.de for- frequen~y accuracy and ::ts.bllLty: 

.3-3. 

Adjust t he trt::.ns:::; ttcr [~s described in this spe~ificc..tion and record 
the frer;, uency s.r~ording to the CFI rec.ding. iihen this adjustr.:ent 
h~-~; been M.atle t..1-ie trans:.i":. tcr frequenc:, will be checked at the Labora
tory to det~rmine the uc~url ~y of the setting. Record the te~pcrLture 
of the Cfl nt the ti!:1e .;he ::--e-,Jj_ng is tnken. 

Adjnst. :he reoeiver to zero be£..t -.:lth the incoming signal. Adjust the 
GfI to zero beat with the ::.-ecelver. Shi.ft the receiver to t:C'i'i and see 
thr,.t the CF.i. zero be::.ts v;.:.. th the incoming signal. Record the frequency 
cs lndicated by the CF1. ?.ccoc·d the te!'1perature of the CFI. 

Adjust the receiver to a const.?~'1t frequency station with a beat of 
1000 cycles approximately. i1djust the CFl to this same bent frequency. 
~bift the receiver to EC~J and all or, t.lie CPI to serve as the heterodyne 
osclllctor beeting against the incoming signt.l . 

Hecord i=:.ny i n bee.::. fre,.1uency due to vibration of the CFI. -~ 
. ' ~·· Use a fi.Xed &ntenna and make this test while me.king l andings &nd 

.._"rt =- reco.::d nny be&t· 'frequency changes. 

All of the testi:: on th is equipment have 
que$~~d that none of :he p!!.!'ts be r c~oved. 
te.st of t.he equlpi::cnt es rcceiveu fro;:; the 

not been co:,1pl e ted and it is re
Th.~ s proced~re insures proper 

:::an1uc:; cturer t.nd ~voids any pos-
s ibility of altered calibration or ope rr,ting cht.rt.cteristics. 

· .. 
- -· .. 

(Appendix P.;) 
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Frec,tiencie<:' ched::cd during Fl i ght Tests 

Norr.ml Freq. !\'.easured Freq. True Freq. ~ ... , Error 
kcs . with W kcs 

He-::-e::--cdync 355 354.9 35/4.39 + • l /41, ;_; 

Crystal 541., 544.2 5411-66 - . 085% 

Heterodyne 565 565. 0 561, .87 + . 023% 

Crystal .U35 4135.0 4135.80 - .019% 

He terod:m e 6010 6084.0 6110.37 - .268% 

H:.:-terodyne 8210 8200.0 8208.50 - .lOl.% 

Crystal 8.410 8410.0 8413-50 - .042% 

U,?teroclyne 12705 12733.0 12667.60 + • 567% 

ll S F 6ol0 6039.5 6008 .15 + .520% 

v:8XJJ., 6060 6093.5 6060. 00 + • 551% 

H K F ·l 521. 521.,.L 52/~. 57 - .032% 

.... 



Table 2 

t,udio Por:c:· Outp• t 

for 

Tb!'ee Beu t.. f!'cqi..enc;y Condition:: : 

(1) ,..r:,r,,tr:] c,~,cill,e,to;:- r nd ::tind,2·ti .,len.:Q gcnerLtor; (2) sel f 0 :::-:,Ult.1.i:/Jr an·.1 
strndi r·d ~i .... '11ul generator; (3) c:ryst£.l oscillator and s elf os clll~:t o.::·. 

100 

(1} ,~1illiwatts output 

(2) II n 

( ?' _,) II " 

(1) F.:111iwntts output 

(2J " n 

l ? \ 
.,I) 

II II 

At 355 Kilocycles 

c;rcles 

7 

3 

5 

At 2102.5 

5 

9 

7 

Toble 3 

200 c;-t:cles 

7 

4 

8 

Kilocycle::; 

7 

25 

20 

200 to ,2000 cvcles 

12 

8 

10 

9 

25 

30 

1 o0 c t.heH~ ,..ry.st,,1 s c.re oi'f frequency as tabulc. .. teci. 

freauency Kcs. L.ieasured Specified ( PtT • 1::J, 3.l._ 

544 + .087% -+ .02~~ 

4135 + .0i,2% + .01% -
/205 + . 02% ± .01% 



Tr t:c !. 

~, 
:- l •. ,, ' \, , ¼ r • L :n ~ '"o··<lr nr•0 ~·:th Pc.r . '>19 ' ,.. t t.:)11] ~ t e~~ ! '-· .-. .. : . 

lclor. 

Heterodyne Crystn.l 
fre(:t;cncy Rf Output RF Output 
_K2::....__ ::.icrovol ts r.:icrovolts 

355 31 ,000 130,000 

375 50,000 500,00o+ 

425 1., 350 500,00o+ 

L,,lO 4, 550 500,000+ 

500 3,000 242,000 

516 17,000 400,000 

544 16,000 425,000 

4' 'J.r .i. .,,::, 16,000 75,000 

4~05 14,000 40,000 

/,235 13,000 180,000 

8270 125,000 100,000 

8410 135,000 95,000 

8470 90,000 500,000 

12,//)5 36o 55 

12,705 1.15 400 

12,615 L;OO 90 
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