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AUI'HORBATlON 

L This problem was authorized by Bureau of Engineering lett ex-, 
reference (a). Other pertinent correspondence is l i sted as references 
(b) to ( d). 

Refererice: (a) BuEng. ltr. N0s-l .. 5269(12-ll-W8) of 9 J&nut.r.y 1936. 
(b) Specific2tlons RE 13A 401D. 
(c) NRL Report No. R-1059, 
(dj Contra ct NOs-45269 . 

OBJECT OF TEST 

2 . The object of the test was to deteri'line if the production 
sample of the Model LD-3 frequency measuring equipment cor.i.plies with 
specificcl.tions, reference (b), as amended by contract, reference (d), 
and is suitable for Naval use . 

ABSTRACT OF TEST 

3. The equipment was given an inspection of mecha.'lic.s.l construc-
tion and wiring. Its operation was observed as to cry::;tal frequency, 
multi-vibrator control, frequency stability of heterodyne osclllator with 
ti.me of operu.tlon, with til ting, with cbun~e of tubes, and with line 
voltage change. The audio output on harm.onics of 20 and 100 kilocycles 
wc.s meusured. The effect of the extreme ambie.Ylt temperature on the 
temperature controlled unit was determined as well as it8 operation i n 
the presence of a radio transmitt er .md its use in adjusting the frequency 
of recel7ers up to 25 megacycles. The overall accuracy obtain~ble with 
the heterodyne oscillator was carefully determined. The effect of severe 
vibration was noted, both as to its mechanical and electrical effects. 
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Conclusions 

(a) This equipment complies with all rer1ui:rernent-,s of the goverriing 
specificcttions so far as could be determin-ed with certain ninor exceptions 
which are noted under 11Recon11nendations" and whi ch it is bel ieved ca.r1 be 
readily corrected. 

( b) When these minor change~; shall have been made, it is consid-
ered that this equipment will be quite suitable for Naval use for the 
purposes intended. 
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Recomrnenda tions 

its a result of the te5ts the followin~ recommen<.lh !:.ions are mt::cie: 

(aJ 
t i!nes the 
assure the 

The cc.1.use of the chimge in crystal frequency of nearly two 
rJ.lo,,ed tolerance shoul d be determLied and s teps t a ken to 

requireci crystal f requency uccur.;~cy. 

(b) Special :::c.re should be taken to lock tigh t ly tile rotor of the 
crystal frequency adjusting condenser after st.:.ndurdization of the crystal 
frequency, to prevent the possibil ity of i ts being Llove<l by & stroke from 
the hand in servicin~ the equipment. 

(c) The desirGbility of increasing the ce1.pc:1.cit.t of the r.lUlti-vibra t or 
condt?nser C-9 to permit maintem • .nce of frm1uency :::o!ltr.ol when its value is 
decreas ed 10% i s suggested for the considern tio:i of the contractor. 

(dj The coil selector pointer should be permanently f a stened to 
the swikh knob t,, p:--event sl ieht rotation after use whi1!:1 mieht mi slead 
the operator as to tho proper switch setting i"or a given coil range. 

(e) The straight, stiff lend conne:'!ting the grid cap~citor to 
the t:.rnlng capacl tor in the heterodyne oscillator. should be replt.ced wl th 
n connector v-.rhi6 \"'lill transmit less flexinl force to the terrnin,tl lug of 
the grid capacitor (C-43) as c1 result of vibrn.tion, "Nhile guarding against 
sucriflcing heterodyne oscilktor fre,wency s tability. 

(f) Additional cali bration points should be added to the heterodyne 
oscille.tor calibration below about. 220 kilocJ'~les, such as all multiples 
of J. 333 kilocycles, in order t o increase the per cent frequency r,ccurf'.cy 
below this frequency e.nd als o to perr:ii t the use of the i nterpolc tion ~1-iart 
upon all coils (the divisions differen ce between adjl!.cent point/3 in the 
calibration as given i s greater than the numbe1· of divisions on the interpo­
lation chart in certa in bt:nds on coils 1 to 3). 

(g) The feasibility of einploying higher current fuses in place of foe 
one runpere fuses in the filament-plate ci::-cuit i ~ sugt;csted since three of thes e 
becw,_1e open ci:-cuited during test. 

(h) The wer.tk-strong coupling swi tche,-:; for all equipments shoul d be 
c&.refully checke<l for positive, low re.:iis tance con tact, since the swl t ·!h 
in the teGt equiJ111ent ,.,;r,::; intet'!?littently defective i.11 opera tion. 

(i ) In order to make CQ11ple t e the t est equlp~ent, Serial No. 1, a 
capacitor to replace C-43 which WcLS d.t.mugi;:d ln the vi'Jratlon te:; t and c:: 
swlt::h to replace the weak-ctrong co11pling swit'.!n should be sent to this 
La bor atory, if this equip.men t is to be assigned wi t.'lout re turn to foe manufa c-· 
turer. 

(j) The mountings for resistors R-1, R-2, R- 5 and R-6 ::;hould be 
placed so as to give assured spacing from the ba ck r emovable panel when the 
panel is screwed tightly in position ( s ee col!l!aent on para,;;:,·a.ph 2-25) 
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L.. The materitl under t ent consisted of the Model LD-3 combined 
heterodyne frequency !!lct-c:r and cr.rs tal controlled cai.ibrutor Serial No . 1, 
manuf.a c tured by t he Gener~l Radio Company. T..>ie .frequency meo.surine unit 
beb.rs the t ype number CAG-7/+020, o.nd the power unit for operlltion of the 
meP.suring uni~ from a 110 volt, 60 cycle suppl y bears t ype number CAG-200~6. 
The measuring unit contains the heterodyne frequency .:ne ter wit h a f--..mda.­
mental frequency :range of 100 to 5000 kil-::>cycl es , a crystal controlled 
calibrator witil a fundrunenttl of 100 kilocycles, c. multi-vi br ator controlled 
from the calibrator at 20 kilocycles, c::.. detector and t wo stage audio 
fretiUency wnplifier· ond an audio oscilla to1· -.vi th fundamental frequencies 
of 500 and 1000 cycles per second. The measuri ng llllit i s temperature 
controlled a t approxirnately 43°c. and an additional tempert4ture control 
sys t em maint11ins the criJstal tempercture at 50°c. Thi s equipment is 
practieally ident i cal with the Model LD-2 f r equency measuring equip:nent 
except for certain improvements and minor clwnges. 

1/J<..TuOD OF TEST 

5. The crys t al calibrator frequency was detenuined by c~upari son 
wi th the Navy primary frequency standu:?:"d, the difference frequency i n 
cy cl es in 100,000 being recorded on a t ape toge ther with seconds intervt.ls . 
The s t ability of the mul ti- vlbrator control wlth change in circuit constants 
wc,s detBrmined by maki ng l arge changes in certti.in circuit elements and 
not ing the effect on the .r;ml ti-vibrator operation. The frequency drift of 
the he te1·oclyn~ os.::illc.tor with time of oper.::i.tion was me~sur e d by observing 
tJ1e drift in the beat frequency bet·11ecn the h eter odyne oscill&t or and tile 
LD-3 crystal or raulti- vibrator harmoni c by means of en interpola tion 
oscillr:.tor, General Radio Type 617A, the drift in the l atter being 
elL:1i n:1ted by frequent .::or:ipc.rison .vi.th a precise 1000 cycl e source. The 
effec t of th,3 voltage ch~m£e and of tilting the equipment on the heterodyne 
oscillator f requency wr,s similarly obtained. The audio frequency output 
power avallable as i:i. r e s ul t of bents bet.ween the heterodyne f requen cy meter 
and httrrnonics of the multi-vi bra.tor or crystal w.:.s measured by means of a 
General &dio l";pe 583A output power meter . The equip:nent was subjected to 
ambi e!lt t emperatures from -1 to +L.8°C. for the purpose of observing the 
effect of these extreme te:nperr...ture::; on the controlled temperature of the 
crys tal and het -3r odyne oscill&tor compartments . The unit was set up within 
e.. few feet of a r adio tr ani,mit ter to note if damage or blocking occurred. 
lt was coupled to the input of Navy standc:.:.rd r1:1.<lio receivers tuned to 
frequencies up to 25 megacycles for the purpose of deter~inin6 i f the radio 
frequency output of the equip,.11ent was suffi,~fon t t o permit the adjus tment 
of r eceivers up to t.l-ils frequenc~r . A number of frequency mensurements 
were made with the equipJJen t. to determine the a ccura cy obtainable with it 
at variou.s parts of the f r 9quency range. The equip.'llent w&s mounted on a 
vibration test stand and its oper1::.tion obser veJ while undergoing ext r eme 
vibrn.tion. 

Df..T,\ RECORDED DURING T ~~:.iT 

6. The da ta reco:-deu during the t e:::t a re given under "Results of 
Test" a.'ld in the ta ble &ppended . 

-2-



DISCUSSION OF PROBABLE El-IBOf-§_ 

7. The err·or in the measurement of the crJataJ. frequency is less 
than .2 cycle. The error in the measurem.e:-it of frequency change in the 
tilting test, the voltuge vari::i.tion test, etc., is not 6reator than one 
cycle. The error in mensureraant of the ambient te~'lperature is not greater 
than 1°c. The audio output power measurements are c.ccurate to about 5%. 

RESULTS .OF T~T 

8. The following comments cover the resul t.s of the tests perfo:n:ied. 
The sub-paragraph numbers correspond to those in the governing specifica­
tions, reference (b). 

1-1 to 1- 4. The requirements of these puragraphi:; relating to the funda­
mentr::.l requirements of the equipment ar e met. 

1- 5 to 2-2. No comment . 

2-3 wd 2-4. The equipment is of rugged construction and the workmanshlp 
appears to be of the best. 

2-5. The equipment was operated in an ambient temperature from -1° to +48°C. 
with only .2°c. change in crystal compartment temperature and 5°c. ~hnnge 
in cabinet temperature from the cont!'olled temperature at an ambient of 
approximately 25°c. 

2- 6. Inductance coils of the heterodyne frequency meter are protected from 
moisture by being coated with a Wc.tX whid1 is understood to be that 
which bears the trade nwne Superla and which has been tested at this 
Laboratory and found to be one of the best materials available for 
this purpose. 

2-7 and 2-8. Ther3e specificr:;.tionn are met . 

2-9. Fuses are provided in the pov:cr unit in both sides of the 110 volt, 
60 cycle supply line to the power pa ck rmci in the heat supply leads as 
well as in the + plc:..te voltage le..;.d . Two fusable link;, are provided, 
one to protect the cabi~et proper and the other the crystal compar~uent 
from excessive heuti:ig in event of the failure of either of the tempera­
ture control systems. The cabinet fuse whici1 is not provided in tne 
Model LD-2 equipment is a. desirable aciclition sL-1.ce the link in the 
crystctl compartment is so 1vell insul&ted from the cabinet heater tl:1a't 
dama6e might re:ml t in the cc::.binet proper before the link .in the crystal 
compo.rtment could become effective as a circuit breaker. 

2-10 to 2-14, The equipment complies with these specifications. 

2-15. The equipment operates satisfactor ily a t all indinations up to 45° 
in any direction . ::iee commant on p~ragruphs 4-12 and 4-27. 

2-16 and 2-17. The equi;>ment is mounted in fa metal angle rack which is 
provided with 6 shock absorbing mountings for securing it at the 
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bottom and the back of the equipment upon installation. Lock nuts 
a.re used as requi red and r •. f. circuit connections are soldered. The 
crystal holder i~; clamped in position. After a severe vibration test, 
in which the equipment. was shaken so vigorously for a period of one 
hour that the tuning capacitor dial numerals could not be distinguished, 
no damage was observ1Jd except that a terminal lug molded into a 
mica capacitor was broken off close to the molded case. This terminal 
lug is soldered to a short stiff wire which connects the mica grid 
capacitor of the heterodyne oscillator (C-1.J on the wiring diagram) 
to the timing capacitor. The heterodyne oscillator was rendered 
inoperative due to this open circuit. ThiP. trouble was remedied by 
replacing the defective capacitor with C-43 from the spare parts box. 

2-18 to 2-23. Requirements of these paragraphs are met. 

2-24. Each i tern i..11 the spare parts box i.s marked with a number by which 
the ite~ may be identified from a list pasted on the inside cover of 
the spare parts box. This liGt includes both the item number and 
the part number which is given in the wirine diagram and marked on 
the similar item installed L11 the equipment itself. 

2-25. The equi:;,ment may be continuously operated without damage. One of 
the terminal clips of each of four resistor mountings at the rear 
of the top shelf in the measuring uni t has very slight clearance from 
the be.ck remov11ble pr.nel, in one inst ance only about 1/32 inch. Even 
though t..'--le shielding panel is coated with a thin non-conducting film, 
a slightly greater spacing is desirable to guard against the possibility 
of trouble at this point. See comment on paragraphs 4-13 and 4-23. 

2-26. This specification is met. 

2-27. No COllll!lent. 

2-28 . Ce:rE.mic i..rl.,ulation is used for the r.f. coil forms and in the 
vcriablc capacitors. The tube sockets are of molded phenolic insula­
tion which is presumed to be in acco~da.nce with this paragraph of the 
specifications since trie potGntials applied to the tubes are low. 

2-29. The wire is color coded. The colors of the covering and of the 
tracers where use<l are not.ed on the wiring diagrwn. 

2- 30. The wire used for the several purposes appears to be properly 
chosen to carry the current required and arranged to minimize the 
probability of breaking due to vibrut ion. 

2-31 and 2- 32. No test.s were made on the wire or its insulation .aa out­
lined in these paragruphs of" the specifi:::a tions si.."lce no samples were 
submitted &nd it is presumed that the suitability of the wire employed 
had been determined prior to the wiring of this equip:nent. 

2- 33 und 2-34. These speciffoations are met. 

-4-



2-35 to 2-43. No co:-:i,~ent. 

2-!~!• and 2-1.5. The finish of t he ou ter c.nd i n11er 
are in a ccordance with these specifications. 
used on the mountbg r ack insteud of wrin}'..1.e 
i ;; seen to the finish provided. 

s urfa ces of the ca binets 
A dull bl ack fL~ish is 

fin.inh, but no objection 

2-46 . The r equiremen t5 of this p1....ra6r aph are met. The panel s ecuring 
screws &re of durEJ.umin, polished and not plated. 

2-47. The thermostats end ther mometers conf or :n in dimensions to Dra winc:s 
RE L,01, 120A and RE 40I. 123.A except that t he diameter of the ther:nor.:eter 
stems is con.slderu.ble less th,m 1/4 inch, being .225 i:ich &nd .231 inch, 
respec tiw~ly. Hoviever, these ins truments viere shipped i ::lS talled in the 
equipment without dar.ic~ge and while obviously no t a s strong as i f the 
di ~~ete r were . 250 inch , they are believ~d to be satisfactor--f. 

3-1 to 3-4. The equipment consists of the required component parts. 
Either the power unit or the measuring unit mE,y be mounted above t he 
other . The equii, ment i s shipped with the measuring unit above tne 
power uni t and with the connecting cables in place. A shock-proof 
mounting r lick i s provided a s previously mentioned. The equipment 
operates frora a 110 to ll5 volt, 60 cycle s upply. In addit ion to a .c. 
supply l ec.ds the power supply cable conta ins telephone leads for re­
mote use of the audio output and also d.c. heat s upply l ends for .d.c. 
hea ter oper e1.tion. 

3-5. The equipment mr:.y be us ed to mec-.sure the frequency of a nearby trans­
mitter up to 25 megacycles without the use of an oscilla tine receiver. 
I t can be used up to this same frequency as a. source of radio frequency 
power for adjus ting Navy standard recei vers . For example, wit.~ the 
heterodyne oscillator set at 5 mega cycles a Model RAB receiver cnn be 
adjusted (with the proper coupling) to any harmoni,~ of 5 megacycles up 
to 25 megacycles . The heterodyne frequency meter calibra t.ion '.!lay be 
checked agains t the crystal c.nd mult i-vibrator harmonics a t any, 
mult i ple of 20 kilocy•::les from 100 t o 5000 kilocycles as well as et a 
large nu~ber of intermediate frequencies if desired. 

3-6 to 3-9. The equipment meets thes e specific;:~ tions . 

3-10. The units are ca:;:ple tcly removable fro1J the cnbL"lets by means of 
h,~"ldles provided, upon loosening the knurled aecuring s crews, without 
disconnecting e.ny wires ; all nece .sscU'Y co:anecti:::ms are m&de on 
inserting the units into the c~bine t s . 

3-11. The overall dimensions of tiie equip1;1ent v.i th mounting r ack ass embled 
a re &::; follows : 

Height - 34-3/4 inches . 
Width - 17-5/S inches. 
Depth - 15-3/4 inches. 

The weight of the tottl equipment i s 175 pou.11dc . These dimensions and 
the weight comply with the specifications. 
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J-12. The shielding of the equipment, and audio output impecfo.nce comply 
with the requirements of this paragra ph. 

J-13. The operation of the equipment at extremes of C:.mbient temperature 
is con::iide-red to be quite sati,sfactory. 'U1e crystal temperature wr.::, 
not changed from its nor;ntl vulue by more thWl .2°c. end the cabi:-iet 
temperature wa s not chDnged fror.1 its normtl value by more than 5°c. 
when t.'-le equipment was operc.1ti:ig in w:ibient temperature of -1 °c. &nd 
+48°C. 

J-14. The thermostats, heaters, and heute:r circuits are similar to t..'-1or;e 
used in the Model LD-2 equipment. The operating temper&ture of the 
crystal co,:1partment thermostat is 50°c. :md th:.:.t of the cabinet 
thermostat is 45°c. 

J-15, filnergency operation of the equipment in the event of a. c. power 
supply failure is quite simple. For d.c. oper&tion tile power unit 
is removed fror.i its cubL'let and an emergency po·;;er supply ceble 
which is packed in the spare p£~rts box is plugged into the multi­
jack in the rear of the power unit cr.:.binet; ci 6-volt fiL..,ment 
battery, a 180-volt plate battery and the 110-volt d.c. supply 
line are connected to the marked termirmls of this cable. If d. ~­
heat supply is desired with a.c. tube operation, it is necessary 
only t o t hrow the a. c.-d. c. heat supply switch on the pmver unit, 
to the d.c. position, provided tne d.c. leads in the power cable 
are attached to a 110 volt d.c. source. 

J-16. Neither side of the pO\ver supply line is connected to the cc-.binet, 
and the cabL11.et may safely be grounded upon instalh.tion. 

J -17 and J- 18. No examinr, tion o.f the inductance switch could be made 
without consider~ble disassembling and ther~fore the operation of 
this switch was determined merely by adjusting the rang<.:3 changbg 
knob on the panel. With normal operation it was impossible to pro­
duce a spurious frequency (due to shorting out a section of c. coil) 
by h1advertently setthig the switch contacts on more than one stud 
at a time, since the switch operates in distinct steps frorJ one 
contact stud to the next due to the conts.ct aligning device. It is, 
however, considered to be quite important thr,t the coil selector 
pointer be permanently attached to the coil changing knob since if 
t,~e pointer should be rotated slightly ~fter the knob is clamped 
on the switch shaft, it would assume a position sor.1ewhat bet11een the 
coil numbers and the operator may ignore the switch aligning device 
and attempt to set ~~e knob so that the pointer will be properly 
aligned with the coil nuober. In this manner it is possible to 
set on two contact studs at the sane ti::ne, but this is obviously 
an imp~roper use of the switch. To avoid this possibility, the 
pointer should be rigidly clamped or pinned to the knob. 

3-19 to 3-25. These specifications are met. 

3-.26. See comment on pe,ra.gruph 2-9. 
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3-27. The parts ure ~~ cccessiblc for replacement as is prccticable in an 
equipment of this type with the space lir.1it<'".tions imposed. 

3-28. The maximum power input with c.11 cir"cuits opcratfog is &pproximately 
470 v,mtts. 

3-29. The hetero<lyne oscillc:.tor calibrati on -~onsists of a t a ble of 
frequencies and corresponding condens er setti~gs covering approxi:11at ely 
5-1/2 page s in the back of the instructlon book. All multiples of 
6.667 kilocycles &re given up to 1070 &.nd al.l multiples of 10 kilocycles 
up to 1500 kilocycles. Toenty kilocy cle points are given up to 5000 
kilocycles. 

3-30. The frequency of the crystal was carefully det ermined with three 
different oscillato:i.· tubes and the maximum frequency change resulting 
fror.i change of tubes was .0008%. The f requency change of the het ero­
dyne oscilla tor with change in tubes was from .001~% to . 02%, and the 
maximum change noted can be r eadily compensated for by a slieht adjust­
men':. of tne coi:!pensating condenser. 

3-31. The r . f. leads are such that no appreciable change in frequency 
occurs wi th ordlnary vibration. The crystal les.ds pass through fibre 
i nsulati ng sleeves through the walls of the metal crystal compartment. 
These leads are not bu&~ed ;'I/here they pass through the balsa wood box 
surrounding the metal crystal compart ment but since the crystal is in 
the plate feedback ci:.rcui t of a tu.>1ed grid type of' osdllator and not 
L"l the grid circuit, and since the leads are rubber covered, the 
existL'llg arrangement is considered satisfactory. 

4-1. The frequency range of the heterodyne oscillator (100 to 5000 kilocycles) 
is divided L>-1to 16 bands wit.'l considerably more overlap between them than 
required. 

4-2. The change L~ heterodyne oscillator frequency with a 10% change in lL~e 
voltage was measured to be .0025%. No measurabl e change in the frequency 
of the audio oscillator occurred with a voltage chr,nge of 10%. Both 
the heterodyne oscillator and the audio osclllo.tor are of the voltage 
compensated type. 

4-3. The frequency st;;;.bill t:y of tl,e heterodyne o~,cillc:tor with tirrie of 
operc.tion of the eo.uipment i.s of H very high order. The observed 
frequency drift at three rr,.dio frequencies tcJi:en ove.r a period of 25 
minutes is given in T~ble 1. 

4-1.. and /,-·5. These requirmnents are met. 

1,-6. The equipment was opcruted within 5 fe1.=-t of £ Model TBK tri:n~rai t.ter 
openi ting at full power without c.J1Y dr'"'l1& 6e ,,ncl r-,lso without blocking or 
loss of accura cy lri r:ierrnuring the trt:..n::mi. tter frequency. No coupling · 
w&s required c..nd best rer~ults we:re obtained vlitt the heterodyne coupling 
switch ir. the "strone" position. 

- 7-



1,-7. A mixe.:- circuit is provided, c:s required, to pcruit uccurctc settine 
of receive:'s ,.-1hich co11 not be Ddjusted for zero bee:t reception. The 
procedare in the ui:.e of this mixe~- circuit is ~s follov.,s. The hetero­
dyne of;cillc. tor i~ adj u&ted to the frequency to be received. The 
receiver fr. ,~djt:sted until a beat note wi tb thr~ heterodyne oscillator 
is heoni. The receiver output is now plugged into the j,1ck labelled 
"receiver11 on the LD-3 equipr::ent and the audio oscilh,tor set to the 
1000 cycle position. Telephone::, c.:.re plugged into the adjacent jc::.ck 
m&rkecl "telephone::;" and the m.ixer voluce control is Vt\rled to 
approximc--.tely eqm:lize the :inten::.i ty of the sit,-nol from the au.dio 
oscillator and the output from the receiirer. The receiver is now 
tuned until itf. betit note m~tches the hudio oscillc.tor tone. The 
receiver if. noV1 set to receive the desired signal. The frequency of 
the 500 cycle c.udio oscillator was measured to be 497 cycles and 
thct of the 1000 cycle oscillator to be 994 cycles • 

.l.-8. n-.e rr .. dio frequency output of the heterodyne osciJlator is sufficient 
for tuning standm·d Ne.vy receivers up to 25 megacycles. The audio 
output power 1:,t c:,11 multiple::. of 100 kilocycles up to 5000 kilocyclef.. 
for beat note<::- between 350 and 1100 cycles resulting from beat8 
between the heterodyne oscilll:.tor fund£.I:J.entE;l and haroonics of the 
c1;ys tal oscillator is very large being in excess of 40 milliwf-1tts 
a t 5000 kilocyclHs, wherec:,s e. minimun of 25 milliwr,tts is required. 
The Eudio output up to 3000 kilocycleE. on multiples of 20 kilocycles 
when the mul ti-vibra.tor is operatine is in exce~,s of 5 milJiwatts when 
the beat note lie::. between 350 and 1100 cycles, wheree,::. cl minimun of 
one milliv.1E:tt is required. These values are obt~,ined \d th strong 
coupling [;.nd hi[h is.mplifier gain. 

4-9. The c&libr£.tion curve is linear ove1.' the re.nge of the instrune:nt. 
Kilocycl e:: per divi~ion ure constr.nt to within 2% over the used portion 
of euch band. tee Plate 1 for curves of the l:ilocycles per division 
for coils 5 mid 9. 

4-10 end 4-11. Ji satidactory compensr.ting condenser is provi<led for 
corr eeti r:g the frequency 01 the heterodyne oscill~tor to ffi[',intain the 
accurf.cy of the c&librution vii th change of tubes, etc. 

4-12. The effect of tilting the equipn:ent on the frequency of the 
heterodyne oscillator was dete.::-uir.ed E-t 800 kilocycles. T'ne frequency 
chunge with tilting up to 45 degree~. v:os fro!.! zero to • 0005% which 
represents a frequency E>tobility of c. hit;h order. A preci::,ion reference 
stand::;rd externul to the LD--3 equiprn.cnt wa::; u:c.ed for th.et,e mer~surementr, 
of freql...ency chr,nge. 

With considm.'t:ble continuous vibrati on the frequency stability ii:. such 
t hu.t &.t LOOO 1':ilccycles it is posdble to maintain a matched tone 
'cetvH:::cn the .:.1,;.dio output o.f the equipm.Emt c.nd the 1000 cycle o:,cillator. 
Te:c,ts we:::-e eonduct.ec to determine if the equipn:.ent could be used et 
4000 kilocycles v:lien the vibri:,.tion a.pprox:irnfates the estimated sustained 
maximuri mnplit.t:.de likely to be encovnterecl on shiptoord (c..s estime.ted 
by c.: nunber of experienced Ne,vy rc:.di o rien). The prir:.cipEll difficcl ty 
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noted wae due to excessive noise in the telephones tut frequency 
meilnurements could be r.11:;.de with ;;. sa.ti~f,~c tory operatir.g a ccur:::.cy 
cithough the zero be[::.t ~-etti.ng w~s ~omcwht..t broad . It i s believed 
tb~t the noi~e is mostly tube nois e; it is not c..ffected by shutti~g 
do\m the: hete:ro<."iyne oscill:; tor but was gre.:.tly reduced when the 
multi-vibrator v:a.s turned off. The amplituce of tl1is vibr&tion 
can not be stated ir. c.ny de£'ir:ite terms but Ul .::.pproximcte iden 
mc,y be g.::.ined from the fo.ct thri t the tunine capacitor dial nu::ierrJ. ~ 
could be read onlr with difficulty due to the frequency and 
amplitt:de of the vibrc.t ion of the whole equipment. 

L-1 3. Frequency measurement:; can be r:tade to fill accuracy of .005% by 
the use of thi8 equipment at c.ll frequencies above approxim&tcly 
200 }:ilocycles with the ctlibr,~tion ,.i.$ given. Below t."1i s frequency 
th€: length of ~er t e.ir. possible interpolc-tions is so greut thc.t thi s 
a ccuracy can not be achievt~d at all points. For exerr.ple, in order 
to metH.mre the frequency of l0J. 3.3 kilocycles i t is necessary to 
interpol& te between 100 kilocycles and 106. 667 kilocycle::.. The 
difference in condenser eettings between these t wo points is about 
416 dividons &nd the ,,ccuracy obta.int:ble: is .02% lnste~d of .005%. 
Howevt.lr , it should be noted thnt an error of .02% a.t this frequency 
r epres ents a fretil!ency error of only 21 cycles and is neglieible for 
pra c t i cc1l purpof.C5. It i s poss ible t y the inclusion in the calibrat ion 
data of frequencies and settings for r.11 multiples of 3.333 kilo­
cycles up to about 220 kilocyclei to have the equipment conform to 
the requirement of measuring to an uccurcJ.cy of .005% at all points. 

Since the interpolaticn chart i s ad1:<.ptable for use only if the 
number of conden::;er divi~ions between adjacent l<..no,m frequencies 
is les r.; th1::.n 250 divi~i ons, thG inclusion of the~➔€ extrft point~; 
in the calibr ction will ll!c..ke the chart suitable for use throughout 
the rm1ge of t he ir.strument. The hackle.sh in the tuning condenser 
i.r, not more than . 2 divi~ions, which if. unusually low. The reset 
t.ccuracy is quite high rmd conform:: to the requirements of this 
paratraph of t he specifications. 

/~-11. and 4-16. Thes e r:.pecificf,ticns e.re met. 

4-17. The ll.Udio output is adjustable in 4 steps; hieh and low audio gs.in 
are &vc~ilable wit.h either wef:.k or strong heterodyne coupling. By 
mecns of the ret:.ul ting varh,tions ir. signcl intensity, undesirable 
beat notes may be el.irr.inated or reduced to a level sufficiently 
l ov, to avoid confusion on the pw-t of the operator. 

4-18 und 4-19. Either the zero beat or the matched tone nethod m1:.y be 
employed in frequency meas:urements. Im a uxiliary dit.l if. provided 
which ms.y be t:::ed to determine directly the mid-poir..t setti.r:g when 
employir.g t he natched tone method. 

4-20 und 4-?.l. A 100 kilocycle crystal con trolled cc.libr«.tor is provided 
from ,mich usable harmonics &re uvcilable up to 5000 kilocycles. The 
crystal oscillat or circuit is of the tune d grid type, with the 
crystd e:lement in series with the pL .. te feed-back coil. In pardlel 
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with the fixed erid circuit condenser ii; a micl6et vc:.ric:.t le condense::: 
which is adjusted et the factory to bring the crystd C[ilibrtctor 
frequency to ex;;.ctly 100,000 cycles, at which time the rotor shaft 
ie locked in po:;i ticn by means of a. l ock-nut. 

L.-22. The mul ti-vih·ctor control is not affected by 10% chr:nge ir. the 
vc.1J.ue of the r ef.i~itor elements, by chc-nge of tubes of the EfJ':'.e 

type, by ch:mge of 15% in tube supply volt aise, or by cJ 50% reduction 
in the controlline- vol toge. It W[.S found possible to double the 
val ue of the couplir.g conden~er betvte<:m the f irst und second tube~: 
of the multi-vibrator (C-9 in the wirir.g diagrarr) without c:.ffecting 
control, but a 10% reduction in the value o: this capacity der.troyecJ 
control at 20 kilocycles. The ir~vePtigE,tion of the feasibility of 
incre1:.sir:g the cl:.p&cit.y of this condenser somewhH t h suggested. 

L.-23. The cry.ste..l frec.ucncy wt::.s meusured to be 99,998. 1 cycles before any 
change bad been me.de in the cry:,tE,l frequency edji;.sting condenser 
and efter the heater systems hud been turned on for e,pproximc tely 
four hours. The crystEll thermometer indicated. a temperature o f 50.1°c. 
One week later, a.fter the tilting tes ts, the frequency was 99,998.8 
cycles. It will be observed that the frequency er ror vms .0019% and 
.0012% on these two occasions, while the specification tolerf;.Ilc;e is 
:t,.001%. It is asi:nuned that the cryst al frequency vms adjusted to 
exactly 100,000 cycles before shipment. The C'1USe of the cali1::rc.tor 
frequency error is not kno\m, but since the change in cry~.tcl. 
frequency cifter extreme vibration was only .0002%, it is probobly 
due to a change in the inductance or cape.city of tbe tuned gric: 
crystal oscillator circuit or to some change inside of the crystal 
holder. As to the effect of the change in the grid circuit on the 
crystcl frequency, it was determined that c. change of ; . J mrnfdr:: . in 
the capaci ty of this circuit produced a change of .001% in the 
calibr&tor frequency. This capacity chuni;;e wr,~ accoroplif,hed b;r vary­
ing the settir.g of the crystal adjusting midget condenSf!r t.pprox­
imately 6 degrees by the use of a. screw-driv..:r v;i thout loosenir.g the 
lock-nut (see comment on puragraph 4-20 above). The totcl cr,p&.city 
in the tuned circuit is approxi.rectely JOO nunfds . , cbout 250 in a mica 
condenser c'..nd 50 in the vo.rit,ble midget condenser vihen set c.t 1/2 
capacity. 

4-24. No comment. 

4-25. The temperat ure coeff icient of frequency of th~ crys tc..l controlled 
calibrator (determined between 28 and 50°c.) war- meh.sured to be 10 
parts in H million per degree Centigrade v;hic-h if. quite a lm'l value. 

4-26 and 4-27. The crystul holder wc.s not opened but it appecrs to be 
moisture-proof . The change ir. crystal frequency with tilting up to 
25 degreer.; in any direction vms wholly negligible, but at ~ tilt of 
45 degrees the change vias from . 0002 to . 001%. i',bile t his frequency 
stability is considered quite good, yet an inve:, tig1ition as to the 
cause of the f requency cbunge with excef;Si ve tilting mc;<.i indicate the 
CGtuse of the crystal frequency error ment ioned under paragraph 4-23 
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above. As previe;usly s t a ted, s evere vibre.ticn cc.used only .0002% 
change ~n Uw crysta l frequency .:.s dete1v,i1:.ed by mettsw·ements m&de 
before and ai'ter th.if, t.est. 

4 - ?.8 . No controls fire proviced for tidj usting the crystt,l frequency i:fter 
it i s once stc.nde.rdized. The u.idget car.denser for s.djur,ting the 
crysti.1 frequency at the fLctory may be used to chm1ge the fund.,.ment&l 
frequency approxi~&tely ±. 6 cycles. 

4-Z9. The coupling f,witch instw.lt!d in this equipment would not funct icn 
properly; in sor.ie instances the beat note strength in the "strong" 
pos iticn was the fame as in the "weak" posit.ion until the switch hcad 
been operated a number of times . 

4-30 to 5-1. These specificaticns are met. 

5-2. No comment. 

5- 3. The power constlli!ption is never greater ti1an 470 watts and the average 
v2lue is consider&bly less. 

5-4 to 5-6. The equipoent complies with these specifications. 

5-7. The he~t 5elector switch on the po-.er unit permits the use of either 
a . c. or d. c . s uppl y to the hea.ters (see comment on subparf,grnph 3-15 
for provision for emergency operation). 

5-8 snd 5-9. These specifica tions o.re met . 

5-10. All supply ler:.ds are suitably protected by f uses. On three different 
occasions during the tests a one al!lpere f ilcment-pli:~te fuse becc.me 
open circuit ed ut the instant the tt:.be power wes applied, although 
the lir:e vol ta.ge ;;as no t excesr;i ve. The vol ti..ge regulator wns set 
for nonnd tube supply voltage. 

5-11. No comment . 

5-12 ruid 5-13. The equipment will oper&te satisfuctorily wit h proper 
potential when the l i ne voltage is es low as cbout 101 volts. A 
smcll "Varic:.c" or aut o t r cnsfor mer is eciployecl to adj ust the tube 
voltc:.ge to the proper value r.w i.ndicuted by a. r ed line on the i nput 
voltmeter. 

COti CLU~IGN§. 

9. This equipment complies with all requirementf. of t he governfr.g 
specificati on::; so f ar cs could be de t ermined 11i th cer tt:.in minor excepticns 
which arc noted under "Recomrnendations " end which it i i: believed cE.n be 
r ef,dily corrected . 

10. i'lhen t bef.e minor chn.nges shall have been made, it is considered 
that this equipment ~ill ce quite suit&ble for Navol use for the purposes 
intended. 
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TABLE 1 

Freouency Drift of Model LD-]_U~:::,erochne 

Oscillator . 

Minutes Frequency Drift in Per Cent. ---
r~rter 120 Kcs. 800 Kcs. ~200 Kcs . 
Tubes Spec. Spec. Spec. 
"On" Observed Limit Observed Limit Observed Limit 

5- 10 . 0017 .0017 .0011 .0019 . 0017 .001e 

10-15 .0013 .0017 .0008 .00lJ. .0OD. .0011 

15-20 .0013 .0008 .0001+ .0005 .0005 .0005 

20- 25 . 0002 .0008 .0004 .0005 .0005 .0005 

NOTE: Probable error at 120 kcf. =- + .0005%. 
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Front view of Model LD-3 equipfilent 
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