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SCR-68 AIRPLANE RADIO TELEPHONE SET

A Sending and Receiving Set Comprising a Fan-Driven Double-Voltage Generator,
an SCR-57 Interphone Set, and Other Auxiliary Apparatus—The SCR-59
Airplane Radio Receiving Set Also Described

The SCR-68 radio telephone apparatus combines a transmitting and receiving unit
in one sel so that the throwing of a single switeh makes if; possible for an airplane pilot
to either falk to or receive messages from another airplane similarly equipped. It is intended
primarily for use on airplanes, and particularly planes of the fighting type, although com-
munication may also be had with stations on the ground, if within range. By means of
the interphone set which forms part of the complete SCR-68 set, it is also possible for the
observer and the pilot of the same airplane to talk with each other during a flicht. The
radio set is designed for radio telephone communication over a range not in excess of
five miles under favorable conditions. When it is used in the vicinity of other radio
stations, either on other airplanes or
on the ground, interference may greatly
reduce this range. This short range
communication is entirely suited to the
particular use for which the set was
designed.

Elementary Theory of the Radio
Telephone

In 8. C. R. Pamphlet No. 9, it was
shown that the three-clectrode vacuum
tube might be used to generate un-

Eepiadrverating Panel of SERBE RadiorTsicphogeiacs damped oscillations of any desired fre-
quency. It was also shown that such a tube might be used to absorb power in perfectly con-
trollable amounts; or in other words, to act as a variable resistance shunt on the input
energy to the oscillator tube, The operation of the radio telephone is based on these two
properties of the three-electrode vacuum tube, and the principles are given herewith.

A three-electrode tube is connected up as an oscillator, that is, with its grid and plate
circuits coupled together, and is made to gencrate undamped oscillations of high frequency.
A dirvect current is supplied to the plate circuit of this oscillator tube by a fan-driven
generator, and through the action of the grid and plate circuits upon each other, this
current is transformed into a high frequency alternating current which is delivered to the
antenna and radiated into space. The power output of the oscillator tube is proportional to
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the amount of direct current power supplied to it. The amplitude and frequency of the
oscillations generated by the tube are, in themselves, constant.

Across the power supply to the oscillator is connected what is equivalent to a resis-
tance which is varied by the modulations of the voice. This is a vacuum tube connected
up as a modulator, that is, so as to absorh power from the d.e. generator, the amount

5 . . . absorbed depending on the resistance
; of the plate cireuit as determined by
(he voltage of the grid relative to the
filament and the plate. The grid volt-
age is varied by means of the action ol
a telephone transmitter.  The speech
frequency wave produced in the tele-
phone transmitter is stepped up by a
small transformer and the resulting
irregularly varying potential impressed
across the space of the tube between
the erid and the filament. Under the
control of the transmitter and thevoice,
the tube then allows variable amounts
of current to flow from the plate to the
filament of the tube in accord with the
modulations of the voice. As the d.e.
generator supplies only a constant eur-
rent, this will be divided hetween the

Fig. 2, Mounting of Apparatus in SCR-68 Set Box, lll()(]llldltll’ and osc I”rli”i !”IH“\ “,h“ lh

are connected in parallel across the

generator terminals, the current in each tube heing proportional to its conductance. The

result is that the amount of d.c. power supplied to the oscillator to be transformed info

high frequency a.c. power and radiated by the antenna, is varied by the modulator accord-

ing to the modulations of the voice at the transmitter. The (1.\-‘-('3]|:1|‘{n||.\-: sent out by the set

will be of constant frequency, but of an instantancous amplitude proportional (o {he modula-
tions of the voice.

At the receiving station, these oscillations when rectified, will have a wave shape or
envelope molded to the speech, and they will produce in the telephone receiver a unidirec-
tional pulsating current similar to that in an ordinary wire telephone, exactly l-ppl-m]m-in;:
the sound of the voice at the sending station. In the SCR-68 and SCR-59 receiving sets,
the oscillations ave first rectified by a VA-1 detector tube and then amplified in (wo stages
by two VT-1 tubes connected in cascade,

&
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Component Parts of the SCR-68 Set

The SCR-68 set complete comprises in addition to the radio transmitting and re-
ceiving set itself, a fan-driven double-voltage generator with voltage regulator, a filter box, an
interphone set, and the antenna gysten,

GENERATOR-—The fan-driven generator is self excited and has a differential compound
field winding and two separate arma-

fure windings, one of which supplies a
25-volt direct current for heating the
various vacuum tube filaments, and the
other a 275-volt direct enrrent for sup-
plying the necessary plate potential in
the several tubes. The filaments of the
two sending fubes are connected in
series across this 25-volt supply, as are

also the filaments of the three receiving
tubes.  This generator is supplied with
fans of design differing to take care of Radio Tolophono Sob

various airplane speeds.

A special two-electrode vacuum tube
mounted in the stream lining of the
gencrator acts as a regulator to control
the output voltage of the gencrator
through wide variations of speed. The

filament of this tube is connected in
series with the main field winding of :
the generator and across the 25-volt ter-
minals, The plate of the vacuum tube

To Grownd

ey

is connected in the circuit from the
positive 275-volt terminal through the
differential field winding of the genera- e
tor. Any rise in the main generator
voltage increases the filament tempera-
fure. This causes an increase in the
plate current through the tube, and therefore, in the current through the differential field
winding. As the flux due to this winding opposes that induced by the main winding, the
in plate current thus tends to keep the generator voltage from rising with increased

To Antenna

FiG. 3. Cord Connections Between Component Parts of SCR-68.

increase
speed, and vice versa.
Tor Finrer Box.—The filter hox is inserted in the output circuits of the generator and

is desiened to eliminate the commutation noises from the transmitting and receiving circuits.
The three leads from the generator are connected to the upper three corresponding term-
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inals of the filter box and other leads connect the lower terminals of the filter hox to the
radio apparatus. This filter box contains two condensers, hrideed across the high and low
voltage generator leads, and a choke coil and resistor which :ti-cz connected in series with
the fourth lead from the box marked “Receiver.” The lead extending from this terminal
forms the positive connection o the filaments of the receiving vacuum tubes. The resistor
contained in the filter box limits the current in the receiving tube filaments fo the proper
value,

RAp1o TELEPHONE SET Box.—The radio telephone fransmitting and receiving circuits
are installed together in a wooden case measuring 19 in. x 15 in. x 43/ in. and so arranged
that the operator may transmit or receive at will by simply throwing over one lever-switch
on the top of the set. Inside the case are mounted five three-electrode vacuum tubes and a
ballast Iamp, two of these tubes being VT-2 power tubes used in the transmitting cireuit,
and three of them, VT-1 tubes used in the receiving circuit. The ballast lamp is connected
in series with the filament circuit of the VT-2 tubes and it functions as an additional
regulator. Tts characteristics are such that it has a very steep rise in resistance as the
current increases, this helping to hold the current in the “ji]::mu.ni: circuilt constant as the
speed of the generator varies. The ballast lamp has a single hair pin filament and may be
seen at the extreme right of the photograph, Fig. 2. y '

In :I,dl']i'ti()ll to the vacuum tubes, the set hox contains a large oval shaped antenna in-
(]l](.fta]](:'t' .(-ml Wl}it:h is'inst'a]]ed in such a way that it encloses the two fransmitting tubes.
This coil is }_)]‘(._)\-'lﬂ[‘.d. \\‘1th. a number of taps which are connected in their proper relation to
f.he contact points u_t the dial switches mounted on the main panel and marked “Antenna In-
ductance,” “Wave Length,” “Coupling” and “Input.” The
on the small covered panel which is mounted on fop of
hinged cover. The antenna coil is used in hoth {he p

he last three switches are located
the main panel and provided with a
5 : : adio transmitting and receiving circuits,
and it form.sl; the electromagnetic coupling hetween the grid and plate circuits of the oseil-
I:ltm.' f'ube. But one variable condenser is mounted iy the set and this is connected in the
recelying circuit in series with the antenna coil. 1y addition, the set box contains a group
of several condensers made up in one unit with seyers] taps, i:hr"e{a BA-2 dry batteries, several
inductance coils, and the multiple-pole throw-over switeh to change from transmitting to
receiving. Openings in the box are pt'ra\-'i{flml_ at each vacuum “-”m so that the operator
may observe whether or not the filament of the tube is lighted, without opening (he case.

TRANSMITTING CIRCUIT.—The function of the two 1‘:-un:~m|ilt.ina tubes located within the
antenna inductance is to deliver to the antenna a high I’I‘c{]llt'.nt'\'r]':lrlin current, the ampli-
tude of which is modulated by the voice current. It is ('.{'ll'l\-'ttll.i(‘lll o {rnusidni‘ the trans-
mitter as comprising two circuits, each of which containg one of the transmitter tubes.
One of these tubes is connected in the oscillator circuit and produces high frequency cur-
rent which may be termed the “carrier” current for the voice modulations. The other tube
is connected in the modulator circuit and acts to vary {he amplitude of the constant fre-

o

quency current generated by the oscillator circuit as deseribed in an earlier paragraph. The
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high frequency carrier oscillations generated by the oscillator tube are set up in the antenna
circuit which comprises the trailing antenna wire, the antenna inductance coil Ly, (Fig. 4),
the condenser C,, and the metal framework of the airplane serving as a counterpoise. By
means of the dial switch marked “Input,” the voltage across the condenser C, connected
immediately between the antenna inductance coil and the grid of the oscillator tube and
known as the “input condenser,” may he varied so as to impress the proper a.c. voltage on the
grid and cause the tube to oscillate.

The inductance of the antenna coil may be varied in order to secure the maximum cur-
rent in the antenna, by means of the dial switch marked “Coupling.” At the same time,
the inductance of the antenna
circuit may be varied by the
dial switch marked “Wave
Length,” so as to give any

wave length within the range

of the apparatus. The range

of wave lengths is from ap-

proximately 215 meters to 450 ! ) a;

meters, i
The input condenser, (., g

serves to insulate the grid of e =+

the oscillator tube from the

positive plate voltage. The L9l

inductance coil, L,, prevents g" G

the radio frequency current | s gt

from ﬂm\’-ing- through the —owuillf-#k——?wji___;

275-volt winding of the gen- I,___-—--~-J— Rsaiatrrsais e i

erator and f(lal'(:es the high fre- J;;";I’ noa 8 | L I: s

quency carrier current to fol- e | i 3 - Shner”

low the path through the ™~ _m M:OO;' VA e

condenser C,. It also pre- e e

vents the high frequency car- Fi6.54,=SchematickWiring Diagram of SCR-68 Radio Circuits
rier current from flowing in

the modulator circuit. The 10,000-0hm resistance, Ry, limits the current which may flow
from the grid to the filament of the oscillator tube.

The telephone transmitter is supplied with the necessary current, ﬂll‘Gl},‘__‘;h the voltage
drop across the filament of the first amplifier vacuum tube (tube No. 4, Fig. 4) a:nd two
of the R, resistors in each of the filament circuits of the receiving tubes. The voice cur-
rent in the observer's telephone transmitter flows through the primary winding of t'.h.e
transformer T,. The secondary winding of this transformer is ('Onllt.){'ted in eircuit
with (he grid of the modulator tube. The negative grid voltage necessary for the modulator
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tube is supplied by the 15-cell BA-2 dry battery which is connected in series with the see-
ondary winding of {he transformer,

Soth the oscillator and modulator circuits are connected in parallel to the 275-volt
side of the generator through a high inductance coil, L. The funetion of this coil is to
change the 275-volt energy from a constant voltage supply to a constant current supply.
This insures a constant power output by the generator which is then divided in varying pro-
portions between the oscillator and modulator tube cirenits by the power absorption action
of the modulator tube.

RECBIVING ClReurt.—In receiving (he main switeh is placed in the “receive’ positionand
the receiving circuits then comprise the antenna wire, variable condenser (', antenna coil|
condenser Cy, and the airplane framework. The vacuum (ube detector and (wo amplifier
tubes are connected across the antenna coil and condenser ¢ .. The handle for adjusting the
condenser (', is mounted on (he main panel and marked “Antenna Condenser.”  The plates
of this variable condenser may be locked in any position by tightening the knurled head
serew attached fo the locking device which engages the graduated brass dial on the con-
denser handle, Taps from the antenna inductance coil are connected to the contact studs of
the dial switeh located on the main panel and marked “Antenna Inductance.” Alternate ¢on-
tact studs of this switeh are connected to taps on the antenna inductance coil, and the inter-
mediate contact studs are dead. The tuning cireuit then comprises the antenna inductance
coil, the fixed condenser (!, and the variable condenser 'y, The antenna civenit is tuned by
varying the positions of the antenna inductance and the variable condenser. The plate poten-
tial of the detector tube is supplied by one BA-2 battery giving approximately 20 volts, and
that of the two amplifier tubes is supplied by two BA-2 batteries in series to give an ap-
proximate plate voltage of 40 volts across each amplifier tube.

“The detector circuit proper comprises the grid condenser €'y shunted by the 2-megohm
resistor Ry, the first V-1 vacuum tube and a BA-2 plate battery. The use of the grid con-
denser greatly improves the operation of the detector tube. The incoming radio oscilla-
tions are impressed on the ;_.J;r'i(f[ element of the detector tube. These potential fluctuations
on the grid correspond to the speech frequency variations in the amplitude of the high fre-
quency carrier current. The resulting speech frequency oscillations in the plate current of
the detector tube are amplified in two stagesin the second and third VT-1 tvpe tubes.

A condenser, (' is connected between the plate element of the detector tube and the
resistor Ry, in the filament cireuit. This condenser serves as a by-pass for the high fre-
quency oscillations superimposed on the plate current. An inductance coil, Ly, is connected
in the plate circuit of the detector tube, and Ly in the plate circuit of the first amplifier
tube, and these allow the continuous plate current supplied by the BA-2 dry batteries to
flow, but prevent these batteries and their connections to {he i_rlnte clements of the tubes
from serving as short circuit paths for the currents of radio frequency. These inductance
coils are of low resistance and high impedance in order to introduce as little resistance loss
in the plate current circuit ag possible, but at the same time to effectively obstruct the flow
of the high frequency currents.
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The current leakage through the resistors R, and Ry, serves (o keep the grid potential
of the two amplifier tubes at the proper value.  The resistor Ry, shunted across the grid cirenil
of the second amplifier tube and in parallel with the resistor R;, may be cut in m: out of the
¢irenit by means of a pull-type switch mounted on the main }mn.v.] and marked “To Increase
Amplification—DPush In.”  When this switch is in its 11m-nuﬂ position (pulled out) the re-
sistor Ry, is connected in the civeuit, partly short cireuiting llilr orid cirenit and decreasing
the amount of amplification.  Pushing the switch in, then, removes this shunt on the second
amplifier tube and increases the amplification.

INTERPIONE Sir—The interphone set for intercommunication between the pilot and the
observer of the same airplane comprises an interphone box which is mounted in the ob-
server’s cockpit, an extension jack mounted in the pilot's cockpit, a helmet type head sel
and special {ransmitter for both pilot and observer, and a push hutton located in the pilot’s
cockpit. The interphone hox contains two telephone transformers, the BA-3 dry batteries
for operating the telephones and the throw-over switch by means of which the nh;:u:-\'vl' nay
connect his transmitter and head set '

with the radio apparatus or with the
interphone set.  The connections be-
tween the pilot’s and observer’s tele-
|:hmws are so arranged that when the
observer’s set is connected to the radio
set, the pilot may talk to the observer
hy simply pressing the push button in
his cockpit. The observer, however,

. alk ilot i ¢ :
cannof talk to the pilot until h ‘ Fic. 5. Interphone Box Showing Apparatus Mounting
(hrows the switeh on the interphone

il

box (o the “Interphone” position.  When the switch is in this position, the observer’s tele-
phone equipment is disconnected from the radio transmitting and receiving circuits and the
abserver and pilot are placed in direct wire telephonic communication. The telephone con-
densers and transformers are mounted in the interphone box which is provided with jacks for
conveniently making the connections to the head sets, transmitters and radio set.

The transmitters used in this interphone set are so designed that while they are actuated
by the sound waves of the voice, they are shielded from or balanced to eliminate the engine
and wind noises. The receivers are designed also to exclude the engine and wind noises, prin-
cipally by virtue of their absolute fit over the ears of the wearer. The telephone equip-
ment of the interphone set otherwise operates in the ordinary manner.

Installation of the SCR-68 Set in an Airplane

The apparatus for ihig set is mounted principally in the observer’s cockpit, as he will
make adjustments and operate the radio apparatus. The various component parts are con-
nected toget her by means of cords, with jacks and plugs connected on all cords. The gen-
eral scheme of cord connection is shown in Fig. 3, although this does not give an idea of the
relative positions of the apparatus in the airplane.
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The double-voltage generator is secured to a steel hracket hy means of which it is fastened
either to the side or hottom of the fuselage or {o the wing of the airplane. The three eur-
rent-carrying leads from the generator are run into the fuselage by the shortest feasible
route. The filter box may be mounted on the dashboard or on the floor of the fuselage or
any other available place in the observer's cockpit. It does not need to be readily aceessible
since all electrical connections to if are permanent and it comprises no apparatus that re-
quires frequent renewal or inspection. The radio telephone set box is preferably in-
stalled on the dashboard of the observer's cockpit where the various adjustments and
switches will be readily accessible o the observer. The projecting lugs from the back
corners of the case should preferably be mounted upon rubber cushions to minimize the
mechanical vibrations which may be transmitted to the box and may cause a hreakage of
the vacuum tubes,

The SOR-57 interphone box is mounted in such a position that the observer may
readily manipulate the “interphone-radio” switch mounted on the side of the box, and where
there will be space for inserting the cord plug connection on the side opposite the switeh.
The observer’s and pilot’s telephone equipment are worn in the usual manner. The leather
helmet must he adjusted to the head carefully, in order to keep out the noises of the engine
and wind. The transmitters are supported in front of the operators by means of straps
around their necks in such a manner that (he mouthpieces are held at about 14-in. or less
from the mouths of the speakers. The pilot’s push button switeh is mounted at some point
to be at all times within easy reach of {he pilot.

The fairlead, by means of which the I'

adio set is connected to the trailing anfenna, is
mounted on the bottom of the fuselage and g cord plug-in connection extended up to the radio
set box. Amnother cord from the 1

] adio box makes electrical connection o a ground inelud-
ing all metallic parts of the airplane—{he en

| gine, stay wires, pontoon wires, metallized
wings, ete.—forming the counterpoise of the

radio system.

Adjustment of the Set

In general, all adjustments of the SCR-68 transmitting and receiving set may be made
from the operating panel. The principal adjustments consist of three dial s‘witeiles. Thege
three principal adjustments control the wave length, the grid current and the plate current
in the oscillator and modulator tubes. The set may be tuned while the airplane is in flight
or_it'. may be tuned on the ground by using a separate power source and connecting a plianf
tom antenna of the proper capacitance and inductance. Jacks are provided on the side of
the box for connecting a milliammeter into the grid or plate cireuit and a wayvemeter may he
placed on or near the case for measuring the wave length., Asg construeted, the set allows
the cha.nging of the inductance in definite steps by means of the wave length switch. Any
fine ztfl]ustlnellt of wave lengths between that given in these steps must he secured by :L]{el--
ing slightly the length of the trailing antenna. ;
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All switches turn to the right in adjusting towards the longer waves. When work-
ing on the shorter waves, it may be necessary to couple more closely by turning the cou-
pling switch farther than the wave length switch ({hese switches usually have the same rel-
ative se(ting), but care should be taken not to turn it too far. The modulator switch is so
constructed that closing the cover closes the switch. None of these switches should be
touched with the hand while the power is on, as the potential between them and the frame
of the machine may be several hundred volts.

The apparatus required for {uning the SCR-68 set in readiness for operation, when
this is done from the ground, includes the following:
voltmeter, reading from 0 to 500 volts.
iml]]dlnlm'lu reading from 0 to 150 milliamp,
wayvemeter, reading from 200 {o 700 meters.
phantom antenna.

The phantom antenna consists of a resistance, a condenser, and a hot wire ammeter
connected in series. The ammeter scale should read from 0 to .5 amp. The resistance should
he variable from 0 to 40 ohms in Sti‘ph of not greater than 1 ohm. The condenser should
have a variable capacitance of from 100 to 500 micro-mfd. and withstand 1500 volts poten-
tial. It should be variable in about 10 micro-mfd. steps.

The apparatus used for adjusting the set while the airplane is in flight, is the same as
{hat for tuning on the ground, except for the phantom antenna. In adjusting for wave length,
reel out 300-ft. (more or less, according to the wave length desired) of antenna wire w:th
the lead weight attached to the trailing end.  The wavemeter is placed on or near the set,
used, but it is usually not car ried up, the wave length heing estimated and adjusted by (Im
length of antenna wire unreeled.

The generator voltage varies from a maximum of 310 volts to a minimum of 240 volfs.
The set should be adjusted with the generator delivering 275 volts in order that it may be
tuned for average conditions. This voltage is determined by connecting the voltmeter
qeross the leads extending from the filter box. The voltage on the low tension side of the
generator should be 25 volts.

1
|
|
1

Specific Steps in Method of Operation

1. When tuning on the ground, connect the phantom antenna hetween the fairlead and
{he nearest stay wire, using the minimum length of connecting lead.

Set the phantom antenna at some value of effective capacitance and inductance which
will be equal to the corresponding constants of the actual antenna, when using the wave
length and length of antenna wire agreed upon. . !

3 Put on the head set and fransmitter so that the hands will be free to make adjust-
ments. J ) X e _ > .

Place the transmit-receive switch in the “Receive” position. The switch should al-

ways be in the “Receive” position except when sending or when noting readings while

making adjustments.
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5. Connect the volimeter to the generator high voltage terminals and adjust the supply
<o that the voltmeter will read approximately 275 volts. Connection of the voltmeter can
he made readily at the filter box.

6. Place the “Wave Length” switeh in aposition estimated to give the desived wave
length. Until considerable experience has been acquired, it is advisable to begin with
long wave length and work down (0 the desired value after an oscillating condition has
heen set up.

7. Adjust the “Counpling™ switch fo a position corresponding fo that ol the wave length
awiteh, To do so, count backward the same number of contacts from the position ol max-
imum coupling and of maximum wave length (extreme right).

S Place the “Input” switeh at the maximum position (extreme left).

9. Open the modulator switeh,

(0. Plug the milliammeter in the “Plate Corrent” jack.

1. Throw the majn switch to “Transmit,” momentarily, and observe the plate current.
[ this is not excessive, (a tube can stand 60 milliamp. for a very short period) switch® to
“ppansmit” again and note if there is current in the antenna, as indicated on the small
“Antenna Current” lamp in the covered panel (installed on only a few sefs) or as indi-
cated from step No. 13,

12. Measure the wave length by means of the wavemeter and inerease or decrease it as
desired, at the same time altering the coupling to maintain the corresponding positions of
wave length and coupling dials.  Finally adjust the coupling to give a plate current of
;lp]n'nxinmluly 40 milliamp., with 275 volts input from the generator.

13. Plug the ammeter iul the “Grid Current” jack.

14. Observe the grid current. This should be from 2 to 5 milliamp. I less than 2
milliamp., the oscillator is not delivering its full power output; if more than 5 milliamyp.,
decrease by moving the input switch away from the maximum.

15. Close the modulator switch.  The plate current should now be from 70 to 80
milliamp. at 275 volts generator input.

(6. Talk. The operator should hear himself fairly loud with one stage of amplifi-
cation. This is the indication of whether or nol III(:_EIIII('. is oscillating, which will be most
ased. If the tube is not oscillating, shift the coupling switch a point or two to the right
or left. ;

17. Gto over the adjustments again to make sure that the proper conditions ohtain,
as each adjustment affects somewhat the ones made previously.

ADJUSTING THE RECEIVING SET.—

1. Turn the transmit-receive switch on the radio set hox to the “Receive” position.

2. Tune the receiving circuit to the incoming waves by means of the \v'i,l—in_l]h-., indue-
fance and condenser dial switches marked “Antenna Inductance” and “Antenna Condenser,”
respectively, in the antenna cireuit. The minimum wave length is obtained when the an-
tenna inductance switeh is turned to the left to the point marked “Minimunm.”
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3. The antenna inductance dial switeh has seven contact points, of which the second,
fonrth and sixth are dead contacts. On final adjustment of the antenna inductance, add
something to the setting, so that the condenser (lial position will be at about the middle
of the seale. The slight adjustments necessary in the air, then, can be taken care of by
adjusting the condenser only.

ADJTUSTING THE INTERPHONE SET.—

[. With the switch on the side of the interphone box thrown to the position marked
“Radio, the observer’s head set and transmitter ave connected (o the SCR-GS set box for
radio receiving and radio transmitting.  However, while the switeh is in this position, the
pilot may talk to the observer by closing the push button switch in his cockpit, but the ob-
gerver cannol talk to the pilot.

2. When the inferphone H\\'il('ll is thrown to the position marked “Interphone” the
observer’s head set and transmitter are entirely cut off from the radio set and the pilot and
observer may communicate with each other. .

General Instructions

When observing the grid current, as indicated in step No. 14 above, it should be borne
in mind that best operation is obtained when the grid current in the oscillator tube reads
3 or 4 milliamp. at 275 volts input from the generator. Too laree a grid current is not only
hard on the tube, but it represents a loss of power in the grid resistance that may exceed in
value the inereased output of the tube, the net result heing an actual decrease in antenna
I](l“'(‘.l'.

The plate current, as noted in step No. 15, should be from 70 to 80 milliamp, If it is
over 80 milliamp., either the tube in the modulator cireuit is a poor modulator, or the voltage
of the negative battery is below normal.  Many tubes that are poor modulators behave very
well as oscillators, and vice versa, and interchanging these tubes will often remedy the
difficulty. Interchanging the VT-1 receiving tubes may likewise improve reception.

When the set is tuned with the airplane in flight and using the trailing antenna, the
only indication of oscillations is the presence of a orid current, or the observer hearing his
own voice. It is possible with very abnormal switch positions to obtain a grid current with
an oscillating circuit which does not include the antenna, but with a little experience this
condition should be readily avoided.

When the wavemeter is not in use, be sure that it is set far out of tune. Never adjus
the plate current while the wavemeter is present and in tune, for the reaction on the oscil-
lator will give false plate current readings that do not represent the conditions obtaining
when the wayemeter is removed.

The following rule will give the approximate length of antenna to use to secure the
desired wave lengths:

For 400 meters, reel out 300 ft. of wire. Add or subtract one foot per meter for other

wave lengths.



Land Division, 0.C.S.0. Ior Use Signal Corps Officers and
4-20-18. Confidential. Authorized Personnel Only.

5. C. R. Pamphlet No. 20. Page No, 12

The SCR-68 set is not designed to operate on wave lengths, expressed in meters, numer-
ically less than the length of antenna wire, expressed in feet. At 4100 meters wave length, 300
ft. of wire with a Chartiss JN airplane will have about 9 ohmg resistance and 320 micro-mfd.
capacitance,

Possible Trouble and Suggestions as to Cause

1. Noise in the receiver may he due to
a. Poor or worn out dry batteries used in the receiving tube plate circuits.
b. Poor paper leak resistors.

Loose connections in the plate, filament or grid civeuits of the tubes.

d. Poor contacts hetween the tube and the spring contacts in the tube socket.

. Broken down grid leak condenser.

[. "Noisy defector vacuum tube.

(. Excessive sparking at the commutators of the generator or bad adjustment of
brushes,

-

2. Blocking of the receiver may be
due to—

@. An open in the grid cirveuit.
b. An open or high resistance
erid leak.
J. Poor or weak signals may be
due to failure of any of the component
parts.

4. Failure of the receiving tubes to
light and excessive current through the
transmitter tubes may be due to a
ground on either transmitter lead.

5. Heating of the oscillator tube
may be due to—

Fic. 6. Operating Panel of SCR-59 Receiving Set Box @. Too high a plate voltage.

b. Improper adjustment of
the “Coupling” and “Input” dial switches for the wave length used.
c. Poor tube. '
6. FPailure to oscillate may be due to—
@. Too small a filament current in the oscillator tube (poor fube).
bh. Tmproper adjustment of the circuit.
¢. An open in the antenna civeuit.
. Leaky antenna insulators.
e. Grounded antenna,
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7. IFailure to modulate may be due to—
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a. An open in the modulator tube plate circuit. (The milliammeter should in-
dicate an increase of 30 to 40 milliamp. in the value of the plate current upon
cloging the modulator knife switeh; if no inerease is noted, the circuit is open.
A larger increase than this is a probable indication of a defective dry battery

in the modulator grid circuit).

h. Lack of voice current upon the grid of the modulator tube.

8. Lack of voice current on the grid of the modulator may be due to—

@. Faulty transmitter (loose connections, broken cord, ete.)

h. Lack of the necessary voltage drop across the filament of the vacuum tube
included in the transmitter circuit, which may be the result of no current flow
in the receiving tube filaments, any one of the receiving tubes being broken,
poor tube connections, open in the filament circuit wiring, ete.

¢. Short or open circuit in the speech transformer or connections to the grid

circuit.

9. Failure of the detector or amplifier tube to function may be due to—

a. A faulty tube.
b. Run down plate battery.

¢. Short cirenit of the filament current brought about by a breakdown of the
condenser across the 25-volt leads in the filter box. (The normal filament cur-
rent should give a cherry red glow.)

d. Too much filament current,
caused by a short circuit of the
resistor unit in the filter box.

SCR-59 Radio Telephone Receiving Set

The SCR-59 radio telephone receiving
cof is practically identical to the receiving
portion of the SCR-68 two-way telephone
sof. It is designed to be used in conjunction
with the SCR-68 set, and will bhe mounted
on a certain number of the planes of a
squadron or flight. The filament current
for the detector tube and the two amplifier
{ubes is supplied by a 4-volt, 22 5-amp-hr. stor-
age battery, type I2B-4. The plate potential
is supplied by two BA-2 batteries mounted
in the set box. The set is tuned by means of
various taps on an inductance coil and a vari-
able condenser which may be readily seen in
{he accompanying illustration. The two dial

Fic. 7. Mounting of Apparatus in SCR-59 Set Box
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handles controlling the amount of inductance and capacitance in the oscillating cirenit are
mounted on the main panel of the set. There are nlgﬂ two of the pull-type switches, one
of which cuts in or cut a resistance shunting the second stage of amplification, similar to the
scheme in the SCR-68 set, while the other euts in or out the filament curvent supply. The
antenna and counterpoise connections, and the storage battery and telephones are plugged
into the set the same as are the equivalent cirenits in the SCR-68 set.

Parts List of SCR-68 Airplane Radio Telephone Set, Including Renewal Parts for
One Month's Service

Power Eouimesest, Tyes IPE-1
2 Air FFans, Type FA-3 (1 in use, 1 spare)
I Wind-driven Generator, type GN-1 or GN-2
5 Regulator Tubes, type TB-1 (1 in use, 4 spares)
Extension Cord, type CD-19 (generator to filter)
1 Filter, type FL-1
Rapio BEouirmpNT, Tyrr RIE-1

1 Alrplane Radio Telephone Sel Box, type BC-11
S Vacuum Tubes, type VT-2 (2 in use, 6 spares)

& Vacuum Tubes, type VT-1 (3 in unse, b spares)

3 Ballast Lamps, type LM-1 (1 in use, 2 spares)
12 Dry Batteries, type BA-2 (3 in use, 9 spares)

I Extension Cord, type CD-10 (BC-11 to ground)

| Extension Cord, type CD-11 (BC-11 to fairlead)

1 Extension Cord, type CD-17 (BC-11 to filter)

1 Extension Cord, type CD-9 (BC-10 to BC-11, telephone receiver terminals)

1 Extension Cord, type CD-18 (BC-10 to BC-11, telephone transmitter terminals)
1 Ajrplane Interphone Set Box, type BC-10

Airplane Telephone Head Sets, type HS-1

Airplane telephone transmitters, type T-1

Extension Cord, type CD-6 (BC-10 to pilot’s jack)

Extension Cord, type CD-7 (pilot's extension jack to push button switch)
Dry Batteries, type BA-5 (2 in use, 18 spares)

L e

{ o]
=

ANTENNA Bouiratext, Tyre A-21

1 Antenna Reel, type RI-2
2 Antenna Reel Drums, type DR-2
3000 ft. Antenna Wire, 16-strand, No. 30 B. & S gage soft copper, braided. Probable maximum length of
antenna, 300 ft.
10 Antenna Weights, type WT-1 (1 in use, 9 spares)
2 Fairleads. type F-1 (type I-2 when type -1 is not available) (1 in use, 1 spare)
20 ft. Braided Twine. (Breaking strength 70 to 80 1b.; treated with insulating compound; approx-
imately 2 ft. in use)
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Parts List of SCR-59 Airplane Radio Receiving Set, Including Renewal Parts for
One Month’s Service

Power Euipsment, Tyre I’E-14

2 Storage Batteries, type BB-4 (18-amp-hr., 4-volt, 3-cell Edison, with electrolyte in powdered form
in separate containers)

Rucriving Bouieatent, Tyer RRC-2

I Airplane Radio Receiving Sel Box, type BC 12

1 BExtension Cord, type CD-10 (BC-12 to ground)

I Bxtension Cord, type (D-11 (BC-12 to fairlead)

1 Extension Cord, type CD-12 (BC-12 to hattery)

§ Vacuum Tubes, type VT-1 (3 in use, 5 spares)

Dry Balteries, type BA-2 (2 in use, 6 spares)

dxtension Cord, type CD-9 (BC-10 to BC-12, telephone receiver terminals)
Airplane Interphone Set Box, type BC-10

Airplane Telephone Head Sets, type HS-1

Airplane Telephone Transmitters, type T-1

Extension Cord, type CD-6 (BC-10 to pilot's jack)

Extension Cord, type CD-7 (pilot’s extension jack to push button switch)
Dry Batteries, type BA-3 (2 in use, 18 spares)

- b b = = O
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ANTENNA Bouieaext, Tyre A-21

I Antenna Reel, type R1L-2
2 Antenna Reel Drums, type DR-2
3000 ff. Antenna Wire, 16-strand, No. 30 B. & S gage soft copper, braided. Probable maximum Sngthof

antenna, 300 It

10 Antenna Weights, type WT-1 (1 in use, 9 spares)

2 Iairleads, type F-1 (type F-2 when type -1 is noi available) (1 in use, 1 spare)

20 ft. Braided Twine. (Breaking strength 70 to 80 Ib.; treated with insulating compound; Approx-
imately 2 ft. in use)
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