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AUTHORIZATION

£ This problem was authorized by Bureau of Engineering letter,
reference (a). Other pertinent correspondence is listed azs references
(b) to (4).

Reference: (a) BuEng. ltr. NOs-45269(12-11-%8) of 9 January 1936.
(b) Specifications RE 134 4O01D.
(c) NRL Report No. R-1059.
(d) Contract NOs-45269.

OBJECT OF THST

2. The object of the test was to determine if the production
sample of the Model LD-3 freguency measuring equipment complies with
specifications, reference (b), as amended by contract, reference (d),
and is suibtable for Naval use.

ABSTRACT OF TEST

3 The equipment was given an inspection of mechaniesl construc-
tion and wiring. Its operatioa was observed a&s to crystel frequency,
multi-vibrator control, frequency stability of heterodyne oscillztor with
time of operation, with tilting, with change of tubes, and with line
voltage change. The audio output on harmonics of 20 and 100 kilocycles
was meusured. The effect of the extreme ambient temperature on the
temperature controlled unit was determined as well as its operation in
the presence of a radio transmitter znd its use in adjusting the frequency
of receivers up to 25 megacycles. The overall accuracy obtainable with
the heterodyne oscillator was carefully determined. The effect of severe
vibration was noted, both as to its mechanical and electricai effects.
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Conclusions

(a) This eguipment complies with all requirements of the goveraing
specifications so far as could be determinad with certain ninor exceptions
which are noted under "Recommendations” and which it is believed can be
readily corrected.

(b) When these minor changes shall heve been made, it is consid-
ered that this equipment will be quite suitable for Neval use for the
purposes intended.



Recomnendations

4s & result of the tests the followinyg recommendations are made:

(a) The cause of the change in crystal frequency of nearly two
times the allowed tolerance should be determined and steps taken o
assure the required crystal frequency uccurucy.

(b) Speciul care should be teken to lock tightly the rotor of the
crystal frequency adjusting condenser after standardization of the crystel
frequency, to prevent the possibility of its being moved by & stroke from
the nand in servicing the equipment.

(¢} - The desirzbility of imcreasing the capacity of the multi-vibrator
condenser C-9 to permit maintenance of {reyuency coabrol when its value is
decreased 10% is suggested for the consideration of the contractor.

(a) The coil selector pointer should be permanently fasteaned to
the switch knob to preveant slight rotation after use whiech might mislead
the operator as to the proper switch setting for & given coil range.

(e) The straight, stiff leud connecsting the grid capacitor to
the tuning cuapacitor in the heterodyne osciilator should be replaced with
a2 connector which will transmit less flexing force to the terminal lug of
the grid capacitor (C-43) as & resuli of vibration, while guarding agsinst
sacrificing heterodyne oscillator freguency stability.

(£) Additional calibration points should be added %o the heterodyne
oscillator calibration below about 220 kilocycles, such as all multiples
of 3.333 kilocycles, in order to increase the per cent freguency accurzcy
below this frequency znd also to permit the use of the interpelation chart
upon all coils (the divisions difference betwesn zdjacent points in the
calibration as given is greater than the number of divisions on the interpo-
lation chart in certain bznds on coils 1 to 3).

(g) The feasibility of employing higher current fuses in place of tae
one ampere fuses in the f{ilament-plate circuit is suggested since three of these
became open circuitad during test.

(h) The weak-stroang coupling switches for all equipments should be
carefully cinecked for positive, low resistance contact, since the switch
in the test equipment was intermittently defective in operation.

(1) In order to make complete the test equipment, Serial No. 1, a
cupacitor to replace 0-43 which was damuged in the vibration test and &
switzh to replace the weak-strong coupling switch should be sent to this
Laboratory, if this equipment is to be assigned without return to the manufac-
turer,

(3) The mountings for resistors R-1, R-2, R-5 and R-6 should be

placed so as to give assured spacing from the back removable panel when tae
panel is screwed tightly in position (see comment on paragreph 2-25)

= BB oo



HATERLAL UNDZIR TST

& The muterizl under test consisted of the llodel LD-3 combined
heterodyne frequency meter and crystal controlled caiibrator Seriai No. 1
manufactured by the General Radio Compzny. Tae frequency measuring umit
bears the type number CAG-74020, and the power unit for operztion of the
measuring unit from & 110 volt, 60 cycle supply bears type number CAG-200.6.
The measuring unit contains the heterodyne frequency meter with a funda-
mental frequency range of 100 to 5000 kilocycles, a crystal controlled
calibrator witn a fundamentzl of 100 kilocycles, & multi-vibrator controlled
from the celibrator at 20 kilocycles, & detector and two stage audio
frequency amplifier and an audio oscillator with fundamental frequencies
of 500 and 1000 cycles per second. The measuring unit is temperature
controlled at approximately 43°C. and an additional temperuture control
system maintains the crystal temperature at 50°C. This equipment is
practicaily identical with the kHodel LD-2 frequency measuring equipaent
except for certain improvements and minor changes.

’

METHOD OF TEST

B The crystal calibrator frequency was determined by comparison
with the Navy primary frequency standard, the difference frequency in
cyeles in 100,000 being recorded on a tape together with seconds intervals.
The stability of the multi-vibrator control with change in circuit constants
was determined by making large changes in certuin circuit elements and
noting the effect on the multi-vibrator operation. The frequency drift of
the heterodynz oscillator with time of operation was mezsured by observing
the drift in the beat frequency between the heterodyne oscillator and the
LD-3 crystal or multi-vibrator harmonic by means of an ianterpolation
oscillator, Genersl Radio Type 6174, the drift in the latter being
elininzted by frequent comparison with a precise 1000 cycle source. The
effect of the voltage chunge and of tilting the equipment on the heterodyne
oscillator frequency was similarly obtained. The audio frequency output
power avallable &s a result of beats between the heterodyne frequency meter
end harmonics of the multi-vibrator or crystsal was measured by means of a
Generzl Radio Type 583A output power meter. The equipment wus subjected to
ambient temperatures from -1 to +48°C. for tae purpose of observing the
effect of these extreme temperztures on the controlled temperature of the
crystel and heterodyne oscillator compartments. The unit was set up within
z few feet of & radio transmitter to note if damage or blocking ocecurred.
It was couplad to the input of Navy standerd rudio recelvers tuned to
frequencies up to 25 megucycles for the purpose of determining if the radio
frequency output of the equipment was sufficient to permit the adjustment
of receivers up to thls frequency. A munber of frequency measurements
were made with the equipment to determine the accuracy obtainable with it
at various parts of the frequency range. The equipment was mounted on &
vibration test stand and its operution observed while undergoing extreme
vibration.

DATA RECORDED DURING THOT

6. The duta recorded during the test are given under "Results of
Test" end in the table appendsd.



DISCUSSION OF PROBABLE ERRORS

T The errvor in tue nmeasurenment of the crystel frequency is less
than .2 cyecle. The error in the measurement of frequency change in the
tilting test, the voliage variation test, ete., is not greater than one
cycle. The error in measurement of the ambient teuperature is not greater
than 1°C., The audio oubput power measursments cre accurate to about 5%.

RESULTS OF TEST

8. The following comments cover the results of the tests performed.
The sub-paragraph numbers correspond to those in the goveraning specifica-
tions, reference (bj.

1-1 to 1-4. The requirsments of these paragrsphs relating to the funda-
mental requirements of the equipment are net.

1-5 to 2-2. MNo comment.

2-3 and 2-4. The equipment is of rugged construction and the workmanship
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 erystel compartment temperature and 5°C. change
in cabinet temperature from the controlled temperature at an ambient of
approximately 25°C.

2-6. Inductance coils of the hetercdyne frequency meter are protected from
moisture by being coated with a wax which is understood to be that
which bears the trade name Superlsz and which has been tested at tnis
Laboratory and found to be one of the best mzterials available for
this purpose.

2-7 and 2-8. These specifications &are met.

2-9. Fuses are provided in the power unit in both sides of the 110 volt,
60 cycle supply line to the power pack and in the heat supply leads as
well as in the + plate voltage lead. Two fusable links are provided,
one to protect the cabinet proper znd the otner the crystal compartment
from excessive heating in event of the failure of either of the temperu-
ture control systems. The cabinet fuse which is not provided in tae
Model LD-2 equipment is & desirable addition since the link in tne
crystul compartment is so well insulsted from the cubinet heater that
damage might result in the cabinet proper before the link in the crystal
compartment could become effective as a circuit breeker.

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

2-15. The equinment operates satisfactorily at zll inelinations up o 45°
in any direction. See comment on paragrapns 4-12 and 4-27.

2-1%4 &nd 2-17. The equipment is mounted in & 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 eguipment upon installation. Lock nuis

are used as required and r.f. circuit connections are soldered. The
crystal holder is clamped in position. After & severe vibration test,
in which the equipment was shaken so vigorously for a period of one
hour that the tuning cepacitor dial numerals could not be distinguished,
no damage was observed 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-43 on the wiring diagram)

to the tuning capacitor. The heterodyne oscillator was rendered
inoperative due %to this open circuit. This trouble was remedied by
replacing the defective capacitor with C-43 from the spare parts box.

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

2-24. Each item in the spare parts box is marked with & number by which
the item may be identified from a list pasted on the iaside cover of
the spare parts box. This 1ist includes both the item number and
the part number which is given in the wiring diagram and marked on
the similar item installed in the equipment itself.

2-25. The equipment may be continuously operated without damage. One of
the terminal clips of each of four resistor mountings at tne rear
of the top shelf in the measuring unit has very slight clearance from
the bzck removable penel, in one instance only about 1/32 inch. Even
though the shielding penel is coated with a thin non-conducting film,
a slightly greater spacing 1s 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 couament.

2-28. Ceramic insulation is used for the r.f. coil forms and in the
variable capacitors. The tube sockets are of molded phenolic insula-
tion whizh is presumed to be in accordance with this paragraph of the
specifications since the potentials applied to the tubes are low.

2-29. The wire is color coded. The colors of the covering and of the
tracers wnere used are noted on the wiring diagran.

2-30. The wire used for the several purposes appeurs to be properly
chosen to carry the current required and arranged to minimize the
probability of bresking due to vibration.

2-31 and 2-32. No tests were made on the wire or its insulation as out-
lined in these paragrapns of the specifications since no samples were
submitted and it is presumed that the suitability of thne wire employed
had been determined prior to the wiring of this equipment.

2-33 and 2-34. These specifications are met.



2~-35 to 2-43. No comment.

2-4/, and 2-45. The finish of the outer and inner surfaces of the cabinets
ere in accordance with these specifications. A dull black finish is
used on the mounbting rack instead of wrinkle finish, but uo objection
is seen to the finish provided.

2-46. The requirements of this parazraph are met. The panel sccuring
screws are of duralumin, polished and not plated.

2-47. The thermostats and thermometers conform in dimensions to Drawings
RE 404 1204 and RE 404 1234 except that the diameter of the thermometer
stems is consideruble less than 1// inch, being .225 inch &nd .231 inch,
respectively. However, these instruments were shipped installed in the
equipment without damage @nd while obviously not as strong as if the
dizmeter were .250 inch, they are believed to be satisfactory.

3-1 to 3-4. The ecquipment consists of the reguired component parts.
Either the power unit or the measuring unit mey be mounted above the
other. The equipment is shipped with the measuring unit asbove tae
power unit and with the connecting cebles in place. A shock-proof
mounting rack is provided as previously mentioned. The equipment
operates from a 110 to 115 volt, 60 cycle supply. In addition to &.c.
supply leads the power supply cable contains telephone leads for re-
mote use of the audio output and also d.c. heat supply leads for d.c.
heater operation.

3-5. The equipment may be used to measure the frequency of & nearby trans-
mitter up to 25 megacycles without the use of an oscillating receiver.
It can be used up to this same frequency as & source of radio frequency
power for adjusting Navy standard receivers. For example, witn the
heterodyne oscillator set at 5 megacycles @ Model RAB receiver can be
adjusted (with the proper coupling) to any harmonic of 5 megacycles up
to 25 megacycles. The heterodyne frequency meter calibration may be
checked against the crystal and multi-vibrator harmonics &t any-
multiple of 20 kilocycles from 100 to 5000 kilocycles as well as at 2
large number of intermediate frequencies if desired.

3-6 to 3-9. The equipment meets these specifications.

3-10. The units are completely removuble from the cabinets by mesns of
handles provided, upon loosening the knurled securing screws, without
disconnecting any wires; all necessary coanections are made on
inserting the unite into the cabinets.

3-11. The overzll dimensions of tne eguipment, with mounting rack assembled
are &s follows:

Height - 34-3/4 inches.
Width - 17-5/8 inches.
Depth - 15-3/4 inches.

The weight of the totzl equipment is 175 pounds. These dimemsions and
the weight comply with the specifications,
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3-12. The shielding of the equipment and zudio output impedunce comply
with the requirements of this paragraph.

3-13. The operation of the equipment at extremes of ambient temperature
is considered to be quite sutisfactory. The crystal temperature was
not changed from its normzl velue by more than .2°C. znd the cabinet
temperature was not chenged from its normel value by more than 5°C.
wheg the equipment was operating in umbient temperature of -1°C. and
+48%C.

3-14. The thermostats, heaters, and heater circuits are similar to those
used in the Model LD-2 equipment. The operating temperature of the
crystal compurtment thermostat is 50°C. aznd thut of the cebinet
thermostat is 45°C.

3-15. Bmergency operztion of the equipment in the event of a.c. power
supply failure is quite simple. For d.c. operation tne power unit
is removed from its cabinet and an emergency power supply cable
which is packed in the spare parts box is plugged into the multi-
jack in the rear of the power unit cabinet; & 6-volt filament
battery, a 180-volt plate battery and the 110-volt d.c. supply
line are connected to the marked terminals of this cable. If d.c.
heat supply is desired with &a.c. tube operation, it is necessary
only to throw the &.c.-d.c. heat supply switch on the power unit,
to the d.c. position, provided the d.c. leads in the power cable
are attached to a 110 volt d.c. source.

3-15. MNeither side of the power supply line is connected to the cabinet,
and the cabinet may safely be grounded upon installation.

3-17 and 3-18. No examination of the inductance switch could be made
without considerable disassembling and therefore the operztion of
this switch was determined merely by adjusting the range changing
knob on the panel. With normal operation i1t was impossible to pro-
duce a spurious frequency (due to shorting out & section of 2 coil)
by inadvertently setting the switch contacts on more thun one stud
at a time, since the switch operates in distinet steps from one
contect stud to the next due to the contact aligning device. It is,
however, considered to be quite important that the coil selector
pointer be permsnently attached to the coil changing knob since if
the pointer should be rotated slightly after the knob is clamped
on the switch shaft, it would assume & position somewhat between the
coil numbers and the operator may ignore the switch aligning device
end attempt to set the knob so that the pointer will be properly
aligned with the coil number. In this manner it is possible to
set on two contact studs at the szme time, but this is obviously
an imperoper 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 paragraph 2-9.



3-27. The parts sre &¢s accessible for replacement as is practicable in an
equipment of this type with the space limitations imposed.

3-28. The maximum power input with £11 ecircuits operating is approximately
470 wetts.

3-29. The heterodyne oscilletor calibration consists of & tuble of
frequencies and corresponding condenser settings covering approximately
5-1/2 pages in the back of the instruction book. All multiplee of
6.667 kilocycles are given up to 1070 and all multiples of 10 kilocycles
up to 1500 kilocycles. Twenty kilocycle points are given up to 5000
kilocycles.

3-30. The frequency of the crystal was carefully determined with three
differen* oscillator tubes and the maximum frequency change resulting
from change of tubes wes .0008%. The fregueancy change of the hetero-
dyne oscillator with change in tubes was from .004% to .02%, and the
maximum chenge noted cen be readily compensated for by a slight adjust-
men of tne compensating condenser.

3-31. The r.f. leecds are such that no appreciable change in frequency
occurs with ordinary vibration. The crystal leads pass through fibre
insulating sleeves through the walls of the metal crystal compartment.
These leads are not bushed where they pass through the balsa wood box
surrounding the metal crystal compartment but since the crystal is in
the plate feedback circuit of a tuned grid type of oscillator and not
in the grid circuit, eand since the leads are rubber covered, the
existing arrangement is considered satisfactory.

4-1. The frequency range of the heterodyne oscillator (100 to 5000 kilocycies)
is divided into 16 bands with coansiderably more overlap between them tham
required.

/-2. The change in heterodyne oscillator frequency with a2 10% change in line
voltage was measured to be .0025%. No measurable change in the frequency
of the sudis oscillator occurred with a voltege change of 10%. Both
the heterodyne oscillator and tne audio cscillator are of the voltage
compensated type.

4-3. The frequency stubility of the heterodyne oscilleétor with time of
cperction of the equipment ic of & very high order. The observed
frequency drift et three rcdio freguencies taken over & period of 25
minutes is given in Tebie 1.

4-4 =nd 4-5. These requirements are met.

L-6. The ecuipment was opercted within 5 feet of & Model TEK trenszmitter
cpereting &t full power without eny damege eénd also without blocking or
loss of accuracy in metsuring the traznemitter freguency. No coupling
was required end best results were obtained witk the heterodyne coupling
switch ir the "strong" position.



4=T7. A mixer circuit is provided, &z requirecd, to pernit usccurzte cetiing
of receivers which can not be adjusted for zero bect reception. The
procedure in the use of this mixer circuit is as follows. The hetero-
dyne oscillztor is adjusted to the freguency to be received. The
receiver is adjusted until & beet note with the heterodyne oscillator
is heard. The receiver output is now plugged into the jack lzbelled
"receiver" on the LD-3 equiprent and the audio oscillator set to the
1000 cycle position. Telephones &re plugged into the adjacent jeck
marked "telephones" and the mixer volume control is varied to
epproximetely equalize the intensity of the signal from the avdio
oscillator and the output from the receiver. The receiver is now
tuned until its best note matches the audio oscillator tone. The
receiver ic now set tc receive the desired signsl. The frequency of
the 500 cycle cudio oscillator was measured tc be 497 cycles and
thai of the 1000 cycle oscillator to be 924 cycles.

L-8. The radio frequency output of the heterodyme oscillstor is sufficient
for tuning standard Nevy receivers up to 25 megacycles. The audio
output power at &ll multiples of 1CC kilocycles up to 5000 kilocycles
for beut notes between 350 and 1100 cycles resulting from beats
between the heterodyne oscilletor fundementel and harmonics of the
crystal oscillator is very large being in excess of L0 milliwatts
at 5000 kilocycles, wherezs & minimum of 25 milliwstts is required.
The zudio output up to 3000 kilocycles on multiples of 20 kilocycles
when the multi-vibrator is operating is in excess of 5 milliwatts when
the beat note lies between 350 &nd 1100 cycles, whereas & minimun of
one milliwett is required. These velues are obtained with strong
coupling end high amplifier gain.

L-9. The calibrztion curve is linesr over the range of the instrument.
Kilocycles per division are constant to within 2% over the used portion
of ezch band. &ee Plate 1 for curves of the kilocycles per division
for coils 5 and 9.

L-10 #nd 4-11. A satisfactory compenseting conderser is provided for
correcting the frequency of the heterodyne oscillator to maintain the
accuracy of the cslibration with change of tubes, etc.

4-12, The effect of tiltirg the equipment on the frequency of the
heterodyne oscillator was determired &t 800 kilecycles. The frequency
change with tilting up to 45 degrees was from zero to .0005% which
represents & frequency stubility of & high order. A precision reference
stendsrd external to the LD-23 ecuipment was used for these nmeazsurements
of frequency change.

Kith considersble continuous vibration the frequency stability is such
thut st 2000 kilceycles it is possible to meint&ain & matched tone

between the auvdio output of the equipment eénd the 1000 cycle oscillator.
Teabs were conductec to determine if the equipment ceculd ke used &t

4000 kilocycles vhen the vibration spproximates the estimated sustained
maximun zmplitude likely to be encountered on shipbozrd {es estimated

by & nunber of experienced Navy radio men). The priveipal ciffieculty
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noted wat due to excessive nolege in the telephones but fredquency
mecsurements could be made with & sstisfectory operating accuracy
elthough the zero beat setting wes somewhat broad. It is believed
tbhet the nolse is mostly tube noise; it is not affected by shutting
down the heterodyne oscillitor but was grectly reduced when the
multi-vibrator was turned off'. The amplituce of this vibration
can not be stated in any defirite terms but an cpproximcte ides
ney be geined from the fact that the tuning capacitor dizl numerals
could be read only with difficulty due to the frequency &nd
anplitude of the vibretion of the whele eguipment.

/-13. Trequency meusurements can be made to an accuracy of .005% by
the use of this ecquipment &t &ll frequencies above approximstely
200 kilocycles with the celibratlion ss given. Below this frequency
the length of certsin possible interpolations is so great that this
accuracy can not be achieved at &il points. For example, ir order
to messure the freguency of 103.33 kilocycles it is necessary to

terpolate between 100 kilocyclec and 106.667 kilocycles. The

difference in condenser settings between these two points is about
/16 divisions and the eccuracy obtezinegble is .02% instead of .005%.
However, it should be noted that an error of .02% at this frequency
represents & frequency error of only 21 cycles and is negligible for
practical purposes. It ie possible ky the inclusion in the calibration
data of frequencies and settings for all multiples of 3.333 kilo-
cycles up to about 220 kilocycles to have the equipment conform to
the requirement of measuring to an accuracy of .005% &t &1l points.

Since the interpolaticn chart is adaptable for use only if the
number of condenser divisicns between adjscent known frequencies
is less then 250 divieions, the inclusion of these extra points
in the celibretion will meke the chort suitable for use throughout
the range of the instrument. The backlesh ir the tuning condenser
is not more than .2 divisions, which is unusually low. The reset
accuracy is quite high and conforme to the recuirements of this
paragreph of the specificaticns.

4-1/ &nd 4-16. These specificaticns are met.

4-17. The audio output is adjustable in 4 steps; high &nd low sudio gein
are available with either wesk or strong heterodyne coupling. By
meens of the resulting veriaticns in signal intensity, undesirable
beat notes mey be eliminated or reduced to & level sufficiently
low to avoid confusicn on the purt cf the operator.

4-18 and 4-19. Either the zero beat or the matched tone methed mey be
employed in frequency measurerents. fn auxiliary diel is provided
which mey be used to determine directly the mid-poirt setting when
employirg the matched tone method.

4-20 end 4-21. A 100 kilocycle crystal controlled celibrator ie provided
from which usable harmonics zre avazilable up to 5000 kilocycles. The
erystal oscillator circuit is of the tumed grid type, with the
crystal element in series with the plcte feed-back coil. In parzllel
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with the fixed grid circuit condenser is a midget variclble condenser
which is adjusted et the factcry to bring the crystal calibrator
frequency to exactly 100,000 cycles, at which time the rotor shaft
is locked in positicn by means of & lock-nut.

4-22. The multi-vilretor control is not affected by 1G% chinge in the
volue of the resistor elements, by change of tubes of the sume
type, by change of 15% in tube supply veltage, or by & 50% reducticn
in the controlling voltage. It was found possikle to doubkle the
velue of the coupling condenser between the first znd second tubes
of tbe multi-vibretor (C-9 in the wirirg diagrem] without effecting
control, but & 10% reduction in the vslue of this capacity destroyed
control at 20 kilocycles. The investigation of the feesibility of
increzsing the cepacity of this condencer somewhat is suggested.

/-23. The crystsl freguency was measured to be 99,998.1 cycles before any
change had been mede in the crystal freguency edjusting condencer
and efter the heater systems had been turned on for spproximectely
four hours. The crystel thermometer indicated & temperature of 50.1°C.
One week later, after the tiltirg tests, the tfrequency was 99,998.8
cycles. It will be observed that the frequency error was .0019% and
.0012% on these two occasions, while the specification toleramce is
+.001%. It is assumed that the crystal frequency wae adjusted to
exactly 100,000 cycles before shipment. The cause of the calibretor
frequency error is not known, but since the chenge in crystel
frequency after extreme vibration was only .0002%, it is probsbly
due to & change in the inductence or capacity of the tuned gric
erystzl oscillator circuit or to some change inside of the crystal
holder. As to the effect of the change in the grid circuit on the
crystal frequency, it was determined that & change of 2.3 mmfds. in
the capacity of this circuit produced a change of .001% ir the
celibretor frequency. This capacity change wae accomplished by very-
ing the setting of the crystal edjusting midget condenser &pprox-
imately 6 degrees by the use of & screw—driver without loosenirg the
lock-nut (see comment on paragraph 4-20 abovej. The totel capacity
in the tuned circuit is approximately 300 mmfds., cbout 250 in & mica
condenser ¢nd 50 in the veriable midget condenser when set et 1/2
capacity.

4-2/. No comment.

4-25. The temperature coefficient of frequency of the erystel controlled
calibrator (determined between 28 znd 50°C.} was meusured to be 10
parts in & million per degree Centigrade which is quite & low vealue.

4~26 end L-27. The crystcl holder was not opened but it ecppecrs to be
moisture-proof. The change ir crystel frequency with tilting up to
25 degrees in any direction was wholly negligible, but at z tilt of
45 degrees the change was from .0002 to .0Q01%. TWhile thie frequency
stebility is considered quite good, yet an investigution as to the
cause of the frequency change with excessive tilting mey indicate the
ceuse of the crystel frequency error mentioned under paragrarh 4-23

Y



above. As previcusly steated, cevere vibraticn ceused only .0002%
change in the crystal freguency cc determired by meusurements made
before and ziter this test.

4=28, No controls are provided for edjusting the erystel frequency after
it is once stenderdized. The midget condenser for adjusting the
crystel frequency at the fectory may be used to change the fundementsl
frequency approxirstely + 6 cycles.

4~-29. The coupling switch insteiled in this equipment would not functicn
properly; in some instances the bezat rote strength in the "strong"
positicn was the same &s in the "week" position until the switch had
been operated & number of times.

4-30 to 5-1. These specificaticns sre met.
5-2. No comment.

5-3. The power consumpticn is never greater than 470 watts and the average
velue is considerably less.

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

5-7. The heat selector switch on the power unit permits the use of either
&.¢. or d.c. supply to the hesters (see comment on subparagraph 3-15
for provisicn for emergency operation).

5-8 and 5-9. These specifications are met.

5-10. All supply lezds are suitably protected by fuses. On three different
occasions cduring the tests & one ampere filement-plate fuse becare
open circuited at the instant the tube power was gpplied, zlthough
the lire voltage was not excessive. The voltuge regulator was set
for normel tube supply veltage.

5-11. Ho comment.

5-12 and 5-13. The equipment will operate satisfactorily with proper
potential when the line voltage 1is as low as egbout 101 volts. A
smell "Verieze" or auto transformer is employed to adjust the tube
voltege to the proper velue as indicated by & red line on the input
vol tmeter.

COlICLUSICNS

9. This equipment complies with &ll reqguirements of the governirg
specifications so far ss could be determined witkh certain minor excepticns
which are noted under "Recommendations"™ and which it is believed can be
readily corrected.

10. When these minor changes shall have been made, it is considered

that this equipment will be quite suitatle for Navsl use for the purposes
intended.
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TABLE 1

Freguency Drift of Model LD-3 Heterodyne

Osecillator.

Mirutes Frequency Drift in Per Cent.
After 120 Kes. 800 Kcs. 4500 Kes.,
Tubes Spec. Spec. Spec.
"ont Observed Limit Obgerved Limit Observed  Limit
5-10 .0017 L0017 .0011 .0019 .0017 .0018
10-15 .0013 .0017 .0008 .0011 .0011 .0011
15-20 .0013 .0008 .000/ .0005 .0005 .0005
20-25 .0002 .0008 .0004 .0005 .0005 .0005

NOTE: Probable error &t 120 kce. = t .000
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Power unit





