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INSTRUCTION BOOK FOR MODEL SX-28
SUPER SKYRIDER

INSTALLATION

Ic is recommended that, upon recerpt, the carton and

then the receiver be carefully examined for any damage
which might have occurred in transic. Should any sign
of damage be appatent immediately file claim with the
carrier stating the extent of the damage.
Important: Unless otherwise marked, this receiver is to
be operated from 110-125 volts of 50/60 cyclc alternating
current. A universal 110-220 volt model is obtainable on
ordet. This model can be operated at either of thase two
voltages with 25/60 cycle curient. 1f the voltages are
higher than indicated an external stepdown transformer
muse be used. A switch, mounted on the top of the uni-
versal transformer case, will allow convenient 110-220
voltage change.

The standatd model SX-28 receiver comes equipped
with a cabinet for table mounting. The standard 831" x
19" panel dimension with holes suitably spaced make it
possible for the chassis to be mounted in a standard relay
rack. Maximum overall chassis fengeh is 1738" and depch
1343". When the model SX-28 is so mounted the tble
cabinet is repluced with a dust cover. The maximum
over-all tength of the receiver will then alfow it o he
mounted inaeack with upright channel clearaoce of 17157

A

TERMINALS AND CONNECTIONS ON
REAR QF RECEIVER

(n SPEAKER

On the rear apron of the receiver's chassis appear two
terminal strips for connecting cither a SO0 or S0 vhm
speaker to the recciver. Should a matching HALLI-
CRAFTERS Bass-Reflex speaker be used with the re-
ceiver, it should be connected to the 5000 ohm terminals,
The 500 ohm terminals can be connected to a speaker or
ather foad of that impedance value,

) ANTENNA

To the terminals marked A1-A2 and G should be con-
nected the antenna you have chosen to use with the
model SX-28 receiver.

Very satisfactory results throughout the tuning range
of the $X-28 will be obtatned with 2 conventional in-
verted "L’ Marconi type of antenna 75 to 100 feet long
including lead-in. This antenna should be erected as high
as possible and removed from surrounding objects. Be
sure that the antenna is insulzeed from the ground ac afl
points. When this type of antenna is used it 1s connected
¢o terminal A-1. The Jumper between A-2 and G should
remain connecred.

In the event a doublet antenna is used with the model
$X-28 SUPER SKYRIDER receiver, the two wires of the
doublet lead-in should be connected to terminals Al and
A2. The Jumper berween A2 and G can remain connected
or removed, depending upon its cffcct on favorable re-
ception.

A ground can be used if desired and should be con-
ncctcﬁ to the G terminal. Conncctin% the receiver to a
good ground {cold water pipe or 6 foot rod driven in
moist soil) might improve reception and reduce notse.
Under normal conditions no noticeable difference will
exist so a ground is suggested only if it aids reception.

- 4

Should you wish to have a scparate antenna for some
one short wave frequency or band, a half-wave antenna
cut to the proper lengeh for the desired frequency will
rrovc very effective. The following formula will give the
cageh of the ¥4 wavelength antenna depending on the
desired frequency. 463

Length in feet =- : —-
frequency 1n megacycles.

or, for example, a half wave 40 meter antenna would

bc_"‘u;}—: 66.14 feet Jong.

The antenna should preferably be of solid soft drawn
enamcled copper wire for ease in handling. The center of
the wire is cut and an insulator inscrted at thac poiet.
The twisted pair, or open wire transmission line, is then
soldered to each 33 foot length, after the enamel has
been scraped off, directly on cither side of this center
insulztor. The other end of the transmission fine should
be connected to Al and A2 on the receiver. It should be
remembered that such an antenna has directional prop-
crtics broadside to its length and should be so oriented
if maximum pickup from a certain direction is to be
expected.

[n designmng transmission line systems tor it tnure accu-
rate match ot the line to the antenna {nput circusr, tt
will he helpful to know that the approximate antenna
Liput it‘n;\cx'uncc of the receiver is 400 ohms.

(3) STAND-BY SOCKET

The Send-Receive switch on the front panel makes che
receiver in(};:cr;l{ivc by removing the plate voltage from
the tubes when the switch is in the SEND position. Con-
nected in parallel with this switch is the standard 110
volt receptacle on the rear chassis edge. Should you wish
to make the receiver inoperative by using a remote relay
ar switch, connect the contaces of the relay to 2 standard
plug, insert it in the STAND-BY switch socket and the
external relay or switch will close and open the circuit
so long as the SEND-RECEIVE switch on the front panel
is in the SEND position.

4) PHONO-JACK

The Phono-Jack enables you to use the high bdcliry
audio amplificr of the receiver for phonograph record ot
transcription play -back purposes. A high tmpedance crys-
tal or magnetic pick-up arm should be used for this pur-
pose and connccred to a standard headphone plug. This
plug is then inserted in the PHONO-JACK when record
plaving is desired. The receiver is inoperative to radio
sigaals, when the plug is in the phono-jack.

The volume of the audio amplifier 1s varied by rotating
the AF Gain control until the proper level is obtained.
Removal of the plug from the Phono:Jack once more
ptaces the RF and IF portions of che recetver in operation.

(5) DC POWER SOCKET

The DC Operation Sucket can be used when it is neces-
sary to furnish power to the recciver fromi a direct currear
soutce. For conventional AC operation, the shorting plug
must remain in the DC Operation socket. This plug
should be removed for battery or vibrapack operation.
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A similar plug to the shorting plug should be wired as
shown in Fig. 13 and connected to the external source of
DC power. The 13C operation plug is then inserted 1n the
socket and operation from bacteries or a vibrapack s
secured.

270 voles of plate volrage, or B supply, ac 150 milli-
amperes current are necessary for succcssful operation of
the receiver, should it be operated in this manner.

(6} “§” METER ZERO SIT

“§" METER CONTROL is obtained by varying the
kourled knob appearing on che fele hand chassis apron
edge. This control enubles you to properly set the 7’87
Meter to zera. In arder to make the adyustiment conectly,
the KI" GAIN CONTROL must be advanced clockwise
as fur as it will go. fo addidion, the switch directly below
the bandspread hand-wheel must be in che AVC--ON
Posicion. When these conditions have been complicd
with, remove the anteana from the Receiver and chen
adjust che S meter concrol until the $ meter reads zero.
Reconnecting the anteana to the receiver will then make
the meter andicate the relatuve carrier streagth of cach
incoming signal as various signals are tuned 1n.

B OPERATION

Each control af the Model $X-28 SUPER SKYRIDER
receiver pecforms a definite funcrion that contributes to
the outstanding reception capabilitics of the unir. Full
appreciation of the receiver is to be expected only after
you have become familiar wich each of the controls and
the cffect their operacion has on the recetver's perform-
ance.

The large calibrated main dial shows the frequencies
covered throughout the 6 band, 550 kc to 43 mc fre-
quency range of the reciever. They are as follows:

Band 1—550 to 1,600 kilocycles

Band 2-- 1.6t0 3.0 megacycles
Band 3-- 3.0to 5.8 megacycles
Band 4~ 5.8 to 11.0 megacycles

Band 5— 11.0 to 21.0 mcgacycles
Band 6— 21. 1o 43. megacvcles

(1)The BAND SWITCH, directly below the main dial, will
place the proper set of cails in the circuic to cover the
desired frequency. The main dial is turned by the large
handwheel which is equipped with a micrometer scale
for maximum accuracy in resceeing or logging purposes.
Of particular interest 15 the locking clutch which will be
found directly below the handwheel. This feature will
atlow you to lock the main dial afrer a desired signal
has been tuned in. Subsequent movement of che hand-
wheel will not detune the receiver because the control is
provided wich a cluzch which discngages the handwheel
once the dial lock has been set.

The International Shortwave broadcast bands are indi-
cated on the main dial by heavier lines showing the
frequencies on which these transmissions will be heard.

The Amaceur band setting positions of the main dial
arc indicated by a small 0 appearing over the red numbers
which idencify each amateur hand. The hairline on the
main dial window shauld be set so that it intersects this
smull circle when the main dial is placed in position for
the desiced amateur baad.

(2)The BANDSPREAD dial is calibrated for the 10-20-40
and 80 meter amateur bands. When tuning oa the 160
meter band the main dial should be used.

Note: The calibration on the main dial will be accurate

only if the bandspread condenser is sct at minimum capac-
ity which is invj)icatcd by a setting of 100 on the band-
spread logging scule. It should be recognized thac if the
bandspread condenser is left at any uther sctcing but 100,
that small amouat of bundspread condenser capacity,
added to the main tuning condenser capacity, would
throw off the main tning dial calibration because the
receiver 1s calibraced with the Bandspread condenser set
at minimum capacicy. The portions of the amateur bands
on which type A3, or telephone, transmissions will be
heard are underscored with another dark Jine.

The numbered vurer edge of the bandspread diat will
prove to be of greaChelp for logging or pre-seiting pur-
poses when the bundspread tuning contral s wsed for
caster wning on frequencies other than those covered by
the amateur bands.

When “bandspreading any frequency throughout the
tuning range of the receiver remember the main Jdial must
then be set to a slightly higher frequency than the de-
sired signal. The difference depeads on the amount of
bandspread condenser capacity used and the frequency
of the received signal. o

When switching from one range to another, an indi-
cator moves vertically behind boch the main and band-
spread dials. Tuning fatigue is thereby greatly minimized
by focusing attention on only the frequencies covered by
that particular scering of the bundswitch.

The translucent, indirectly lighted dials are easily read
and so arranged that paraliax 1s reduced to an absolute
minimum.

To operate the receiver adjust the following controls
in the order in which they are mentioned:

(3)The TONE CONTROL turns the receiver oz and off

and in addition emphasizes either the base or treble fre-
uencies to the extent required by various recciving con-
itions. The effece che Tone Control has on che fidelity
of repraduction is shown in Fig. 10.

(4)Place the SEND-RECEIVE switch in the RECEIVE
positivn— have the ANL coatrol off Jturned to the left
until the switch operates).

Place the bundswitch in position .55 t0 1.65 mc, which
will then enable you to tune in stations on the standard
Broadcast Band.

{5)Rorate the RF GAIN controt to the righe until #9 on

the skirt of che control appears under the panel marker.
{The RF Gain must be full ON as above indicated before
the § meter will indicate correctly.) So thar the § merer
will be properly connected in the circuit, the AVC-BFO
switch appearing ro the fower righc of the bandspread
handwheel, muse be in the AVC ON position.
{6) Note: The Aurenna Trinener control 1s operated on all
Buads. Proper adjustment of this control is indwcared by
the maximum signal.

(7) After complying with the above conditivns, the AF

GAIN control should be advanced to the right until the
desired volume is obaained. Tuning the recetver by oper-
aring the main dial hundwheel will now allow you o
pick up stations throughour che .55 to 1.65 mc tuning
range of the Broadeast band. Maximum defleccion of che
8 Meter will indicate when cuach stucion is accuracely
tuned in.

When covering the short-wave or higher frequency
bands che above procedure should be followed—except
that greater care should be used because it is so casy to
completely pass over a stacion.

The other controls on the model 8X28 SUPER SKY-
RIDER receiver will enable you 1o obtain the bese resales
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from the receiver once you have become used to their
cffects on the reception of various types of signals.
(8)The SELECTIVITY control acts as a shurter or gate
and varies the width of the path on which signals reach
the second detector of the receiver. Six different selectiv-
ity steps arc provided so that you can successfully cope
with differerit degrees of interference. Reference w Fig. 1
and Fig, 4 will show, graphically, how the control erims
the width of the signal so that what interference mighe
he present in the signal's skirts or sidebands is elfectively
clipped off. Should an interfering signal lap over into the
desiced signal, adjustmene of the SELECTIVITY control,
will reduce that interfecence.

FIG. 1—I. F. SELECTIVITY
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KILOCYCLES OFF RESONANCE

Once more refer to Fig. 1 and Fig. 4 and recognize the
fact that wich the control ser in the BROAD IF position,
the signal proper and all its parts, which are combined in
the side bands, or skires, will be passed to the 2nd detector,
andio amplifier, and then Speaker. As the selectivity of the
receiver is increased fromm BROAD-IF to XTALSHARP,
the gate, or admittance path, is so narrowed that only the
main portion of the signal is allowed o pass through. This
fact and its effect on the quality of reproduction is readily
appteciated by listening to o signal and noting the reduction
in higher frequency response in the more selective settings
of the switch. ¢See Fig. 10 and Fig. 11)

—

At cthis point, it is suggested that the CRYSTAL
SHARP sctting be used only in cases of extreme inter-
ference —the receiver must then be tuned exactly to the
signal. Only chen will the signal be intelligible because
you have clipped off ics sidebands in which che sibilants
and overtones are embodied.

The CRYSTAL SHARP position of the selectivity
switch is ro be used principally for the reception of code,
or CW, signals. By proper assoctated operation of the
CRYSTAL PHASING control true single signal opera-
tion and the maximum in selectivity can be obtained
(ceyseal circuit discussed in detail in the summary of
related ciccuits). See Fig. 3.

(97  CRYSTAL PHASING CONTROL

The Phasing Control is in the circuit on three positions
of the selectivity control namely—-XTAL Sharp, XTAL
Medium and XTAL Broad.

The control is used to remove heterodyae interference
as well as ro minimize other forms of tnterference having
a predominance of high frequency compoacnts ~suich as
static and interference from clectrically operated devices.

(10)The AN 3., or Awtomatic Naise Limiter, matertatly con-
tributes to the sarisfactory operation of the recerver by
limiting ohjectionable interference caused by igniion
systems or acher man made cruses of electrical disturb-
Juces. Wich the AN.L. control retarded to the lett as
far as it will go, or until the A N1 switch is heard 1o
operare the noise limiter citenit s nor functiontg.
Turning the control to the riph Aoses the switeh whieh
is mimnred on the comtral. The notse Hoiter is now op-
crating. Progressively tuening the contral clockwise
varies the threshold ar which the noise Himiter statts 1o
take hold. The setting at which the control will he lefe
depends entirely o the type and amount of interference
present as well as the signal strength, The noise limiter
should be judiciously adjusted beeause through 1es opera-
tion the desired signal can even be climinared or badly
distorted which destroys its usefulness. Ouly after you
have become familiar with rhe operation «of this concrol
by actual practice can you determine how far it should
he advanced hefore the hest compromise berween noise
and signal is obtained. (See Fig. 6.}

1) The AVC-BFO OFF-ON switch performs a dual fonc-
tion. The AYC circuit should be operating for the recep-
tion of relephone, or modulated, signals in order 10
reduce fading to a minimum. As previously mentioned,
the functioning of the § Meter is dependent upon AVC
action so the switch must be in the AVC ON position
when the S meter is used to measure relative carrice
intensity

Inasmuch as the AVC circuit levels all signals to a
predetermined value (See Fig, 73 no one signal can
overload the receiver and cause discortion. At cimes, in
searching  for  disranc or weak  sigmals, it might be
desiraus o use the full sensicivity of the Model SX-28.
In that case place the AVC switc{l in the AVC OFF posi-
tion. Remember that with the receiver operating with
no AVC acrion, strong signals will overfoad the input
circnit wirh resultant distorcion. Under such a canditton
of operation the sensitivity of the ser must be then con-
trolled, manually. by properly retarding the RF Gain
control until you have reached the point helow which
overloading takes place. :

The other function of this switch is to turn on the
Beat Frequency oscillator. When receiving code signals,
2 beat note is absolutely essential. With the BFO switch
in the ON position, each signal tuned in will be accom-
panied with a beac note or whistle. For proper adjust-
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went of the BFO control which appears directly under
the TONE CONTROL the following procedure is seg-
gested. Set the BFO control o zero, now tunc in a signal
cither voice or code. If a code signal is received, ouly
the carrier or thump of the signal will be audible because
no beat note is present. Be sure that you have che signal
accurately resonated. Now, without reruning the re-
cerver, rotate the BFO control until a bear note of the
desived pitch s obrained. You now have introduced a
beae note which differs from che IF frequency of the
recetver, namely 459 ke, by the frequency of the audibic
signal. Vanation of the BFO control will allow you to
change the pitch, or frequency, of the oscillator which
will prove to be of help under various conditions of
terlerence.

(12) Direcely under the BFO control will be scen the BASS

IN-QUT Switch. With this switch in che BASS IN posi-
tion you will have normal audio fidelity. Placing the
switch in the BASS OUT position, the audio filter CH,
is tnscrted. The effect of this hlicr on the band of fre-
quencies pessed is shown Fig. 11 This filter will concribuce
gready o the iotelligibility of the received signal when
the receiver is operated in cthe advanced positions of
sclecrivity,

(131 The Head Phoue Jack 1s connected to a tap on the out-
put transformer. The signal 1o the headphones is of the
proper volume for sarisfactory communications recep-
tion. Since no direce current is present in the headphone
circust crystal type phones can be used.

« SUMMARY OF RELATED CIRCUITS

(1) THE 2-STAGE PRESELECTOR

The RE AMPLIFILER, oc pre-sclector, of the Model
$X-28 SUPER SKYRIDER has 1-6AB7, 1-65K7 cubes in
cascade on Bands 3, 4, 5, and 6. Ou Bands 1 and 2 more
than one stage is unnecessary to obtain the required
image ratio aml reduction of spurious tnterference. Wich
two RF stages using theee pre-selection circuirs, che band
widch wounld be narrowed to such an extent that even
expanding the IF Amplifier to ics utmiost would stil aot
provide high-hdelity reception. The modern communi-
cations receiver requires two stages of preselection on
the higher frequencies to accomplish only one primary
object--satisfactory image rejection,

The Model $X-28 has an image racio of 20to 1 ar 28
me--350 co 1 ar 14 mc and a proportionacely increasing
ratio as the frequency is lowered. While dhe two RF
stages are principally needed to obeain such image ratios
rhey also perform two other useful funcrions—-more fay-
orable signal o noise rario and slightly increased sclec-
tvity.

Examining the coil assembly will immediately show
how rigidly it 1s constructed and what care has been
taken to campletely shicld cach section from the orher.
The manner in which the RF and antenna coils are tuned
on bands 3, 4, 5, and 6 will be interesting. Rather than
push turns to compensate for variations in inductance,
cach coil is permeability tuned. This results in exact
adjestment of inductance with improved tracking and
gain as the result. On Bands 1 and 2 the inductance of
the antenna coils is sufficiently lurge so that lead lengch
differences do not causc any noticeable inductance change,

(2) THE OSCILLATOR AND CONVERTER

A separate 68A7 tube is uscd as the High Frequeacy
Oscillator in the Model SX-28 SUPER SKYRIDER.
This tube proves desiruble in this function because of its
very high value of transconductance which enables the
oscillator to operate with very litele coupling to the coil.
This feature reduces the unfavorable effects of tube vari-
ations and voltage fluctuations on the tuned circuit. The
HF Oscillator is coupled to the 6SA7 converter tube at
the Cathode Tap—a point where variations of operating
parameters of the converter tube will least affece the
68A7 Oscillator. A 65A7 tube is used in the Mixer Circuit
because tests indicated that changes in operating voltages
caused less reflection in che injector grid loaﬁing than
would occur in most converter tubes. Another feature in
favar of the 6SA7 tube is that 2 negative loading is

u,uplml 1o the toned cirenit feeding s concol grid. This
charucterisuie improves the gain and scleccivity of the
tuned circuit which 1 turn improves the image and sig-
nal to noise ratio.

(3) THE IF AMPLIFIER

The I Amplifier of the Muodel $X-28 was designed
with a view towsrds permanency of adjusement under
conditions of extreme chunges in temperature and humid-
iy as well as unusual mechanical vibracion.

The hinse two IF Transformers arc permeabtlity tuncd.
i comparing this type of transformer with one having
compression tica toning condensers, it must be remem-
bered chae it takes many more turns of the adjusting
screw to cause the cquivaleot change in tuning of the
permeability wwoed type. Hence a shght change in che
position of the screw will have negligible effect upon the
tuning. The adjusting screw is under spring tension
thereby making it fmpossible to turn under vibration.

The diode transformer is air-tuned with two variable
condensers each with a lump capacity of S0 mmf and
variable of 50 mmf. These aic teimraers are also uader
spring teusion so that they can withstand considerable
vibration. Being of the air tuned type, their capacicy
change is negligible with wide changes in bumidity.
Reference to the Schematic will show that the IF truns-
formers are expanded in two sieps- - thereby cnabling
medium or full reproduction of the higher frequencies
to be obtained.,

(4) VARIABLE SELECTIVITY

Stx ranges of selectivity are provided in the model
SX-28 receiver. They are:
1- Broad [F—(for high fdclity reception)
2 Medium 1F—{more sclectivity—less highs)
3 -Shurp 1F—{reduces annoving interference—far less
highs}
4-—Crystal Broad—(Similar to Sharp IF but cleaner
cucting of side bands)
5—Crystal Mediom—C(next selectivity step to #4 —
greadly increased sideband cutting—more pro-
nounced crystal “'Slot’’ for interference—very
litele highs present;
6—Crystal Sharp—C(position of extreme sclectivity—
practically no sideband content—very pro-
nounced crystal “slor”")
The graphic effects of the different steps of sclectivity
on a signal are shown in Fig. | and Fig, .
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FIG. 2—CRYSTAL FILTER SCHEMATIC
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SINGLE SIGNAL ADJUSTMENT

It is extremely simple to attain single
signal reception with the $X-28. First, turn
on the BFO to the desired Beat Note and
turn the selectivity switch to the XTAL
SHARP position. Pick a good solid CW
signal, preferably 2 commercial station be:
cause 2 commercial is likclly to stay on long
enough for you to complete the phasing
adjustment for single signal reception.

You will find on tuning across this signal
that it has two amplitudes. Tune first to
the weaker of these two amplitudes. Now,
turn the PHASING control until this
weaker of the two amplitudes is reduced
to 2 minimum. (If the weaker amplitude
appears on the right the above procedure
stii,lc holds.) Then tunc to stronger of the
two amplitudes 2ad adjust the BFO con-
trol to a tone most pleasing to you. This
adjustment for single signal selectivity will
hold with no further adjustment unless’you
change the phasing control. (See Fig. 3)

With Sclective Switch in XTAL
Sharp position identify the
weaker amplitude—Tune Re-

FIG.

ceiver to the weaker,

(5) CRYSTAL FILTER CIRCUIT

In positions 1,2, 3 the crystal is short circuited. In position 4 the short
across the crystal is opened and the iron core in the secondary of the
transformer is adjusted for Broad Crystal Action and at this point is
accurately tuned to the crystal frequency. Due to the close coupling
of the secondary to the crystal, the sharply rising resonance curve of
the crystal causes, in contrast, a sharply Falling resonance curve in the
sccondary. The combined action of these two characteristics results in
a relatively broad resonance curve for the CRYSTAL BROAD selectivity
sctting. In the MEDIUM CRYSTAL No. 5 position, Cys is 2djusted for
selectivity midway between the BROAD and CRYSTAL SHARP
settings. (See Fig. 2 and Fig. 4)

In position 6, or CRYSTAL SHARP, the trimmer Cso is adjusted for
the Sharpest, crystal action. Under this condition, the Sccondagy is
slightly detuned from the resonant crystal frequency sufficiently so
that its resonance curve is not greatly affected by the crystal but still
coupled tightly enough so that it can transfer cnergy to the crystal
circuit. When this point is reached it is indicated by a rise in the output.
Two such points o??ncrcas:d output will normally occur—one for each
adjustment of the sccondary on cither side of the resonant frequency
of the crystal.

3—SINGLE SIGNAL OPERATION

N

!
:
27

Adjust Ehuing control carefully
until this weaker amplitude is

reduced to a minimum.

Retune Receiver to the
stronger amplitude and then
adjust pitch control until
you get note most pleasing

to copy.
FIG. 4—CRYSTAL SELECTIVITY
oo (5b)
CRYSTAL
™
The CRYSTAL FILTER and
© holder are wired directly into the receiver
XTAL XTAL XTAL and do not plug in as heretofore. In this
™1 snoad | weorum | suare manner exceptional crystal filter action is
obtained because of the climination of the
L .
- capacity and losses of a socket. So mount-
én ing the crystal prevents possible change in
8 polarity which would occur if the crystal
© were improperly inserted in the circuit.
N A The size of the crystal has been carefully
» 7 7 ™ determined to allow the BROAD CRYS-
\ / TAL position to tunc as broadly as pos-
200 \ - > sible. The capacity of the crystal holder
\ v/ \\ has been reduced to a minimum through
" N the use of a specially designed polystyrenc
holder.
°—. “3 -2 1 4N M 42 43 e 5 o8 “h =4 = -2 1 433 W 1 3 4 Y —4 =3 ~B -t a8 a1 e2 43 44
KILOCYCLES OFF RESONANCE
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(6) NOISE LIMITER

The principle of operation of the limiter is very similar
to that of the Lamb limiter which has been described in
detail in past issue of QST. The carrier of the received
signal is first converted over to the intermediate fre-
quency and then fed into the 6L7 amplifier and 6B8 AVC
amplificr and 6AB7 noise amplifier. A broadly tuned IF
transformer is used in the plate of the 6B8 with its
Frimury and secondary closely couglcd‘ The sccondary
ceds into the 6B8 diode where rectification of the carrier
furnishes AVC voltage for the RF and mixer tube as well
as for the 6AB7 noise amplifier. A broadly tuncd IF
transformer is used in the plate of the 6AB7, the secon-
dary feeding into the 6H6 noise rectificr. A 455 kc wave
trap (CH4 and C55) is used which allows the passage
of the higher audio frequencies without attenuation. In
the form of further explanation of our apptoach toward
noise elimination, it must bc remembered that noise in

general is composed of a random mixcure of high and
low frequencies. Of this mixture the predominating
higher frequencics are the most objectionable. Tt is to
our advantage to retain the high frequency components.
Thus, these transients will be allowed to rise to a point
far above the carrier level with the result chat they will
be applied to the injector grid of the 6L7 tube without
being reduced in value. Transients, such as ignition inter-
ference having a steep wave front, consist largely of high
frequency components. The voltage applied to the grid
of the 617 tube has a negative polarity because of the
6H6 noise rectifier. By varying the ANL control, we
raise or lower the negative voltage applied to the 6L7
tube undil it is barely sufficient to overcome the noise
impulses applied to the grid of this tube without allow-
ing the modulation peaks of the carrier to become badly
distorted.

FIG. 5—NOISE LIMITER SCHEMATIC
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FIG. 6—NOISE LIMITER ACTION

Constant tone signal no inter- Samie Signal ANL OFE (Note Same vignal | Same noise, AN
letence ANL OIF. Hansicssl peaks extend wetl be- ON adjusted tor mose Lavorable
yond range of screen. Signal not signal to noise ratio.
r:adzhlc.%

If the noise limiter adjustment permits too great a
value of transicat voltage to be applied to the 6L7 injec-
tor grid, detection will take place and rectified compo-
nents of this modulated carrier will appear in the 6L7
plate circuit. This effect will appear as distortion in cthe
oucpuc of the receiver. [f, on the other hand, not enough

noise voluage is applied, then the momentary decreuse in
sensitivity will not be great enough to stop the noise
from getting through and some of it will appear in the
plate circuic of the 6L7 tube and consequently in the out-
put of the receiver. As a result the noise limiter must be
carefully adjusted to the particular carrier and noisc

level being received. (See Fig. 6)

FIG. 7—A.V.C. CURVE—AT 3 MC.

+8

+4

DECIBELS
|
»

MODEL SX-28

10 100 1000

10,000 100,000 1,000,000

MICROVOLTS (INPUT
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(7} AVC ACTION

A double AVC system is used. The RF and mixer tubes
are operated by the broadly tuned cacrier coming through
only three tuned IF circuits. The fnul signal however
passes through six-tuned IF circuits. As a resule, when
the signal is slightly deruned, the receiver output hus
dropped considerably while the AVC action hus LYT(][’I’CL!
but very litdle. This resules in a reduction of hetween-
seation noise and a more sharply defined aural tuning
action.

(8) “S" OR SIGNAL INTENSITY METER
The apprpxinace DB per S unit equivalent is 6 DR's.
As is known, a DB, or decibel, is a unit of change in
signul level and is defined as being the least derectable
change the average car can appreciae when Hstening o
w single pitch-d cone. 3D8 15 the least change the car
detects when listening to sounds varyiag in both ampli-
tude and pitch. By comparison, a variation of one S unic
on the meter will iadicate a change of two detectuble
steps in signal level, Quantiatively, a DB gain or loss

is equal w 20 log ..(E"

)whcrc E, = input voltage and
[[, = ourpur voltage.

(9 THE SECOND DETECTOR

As will be noted, a diode type of second detector is
used in the Model SX-28. Tts choice was prompred by
the fuct that such a detecror is capable of handling large
percentages of modulation with very litdle discortion,
This is due to the output of the diode being casily filrered

(1IF Removed). In addition, the recrified oucput contains’

a DC component which can be used for AVC purposes.

(10) THE BEAT FREQUENCY OSCILLATOR

The BFQ is turaed on with the switch betow the band-
spread handwheel and adjusced by the skirted knob
direcrlv below the tone control. The BFO circuit, as will
be seen by refecring ro Fig. 13, is the well known
Hartlev oscillator. 1t will be noticed thar a plate drop-
ping resistor is used 1o compensate for place voltage
variations. An increase in receiver voltuge causes an
increase in the plate current of the oscillutor. This in-
crease 1o turn causes the volwage drop across the resistor
to Increase, thus muintaining a more constant voltage
at the plate of the beat oscillator tube. A favoruble ratio
of capacity to inductance is used. The fixed tank capacity
has been arcifically aged by ulternately exposing it to
very high and then low temperatures. In this manner
any residual strains of the component pares are removed
and the capucity of the condenser remains constant.
The BFO coil is permeability tuned which further re-
moves the possibility of drift which would occur should
4 compressivn variable be used 1o resonate che circuit.
¢, Proper location of the Beat Oscillator tube and s
dssociated components plos excellenc shielding and me-
chanical rigidicy do much to keep stray ticlds from being
established. Lircle BFO leakage is to be expected in the
Model $X-28 so “tweers” or BFO harmonics will not
prove to be borhersome.

(1) THE AUDIO AMPLIFIER

The sccond or output stage of the audio amplitier in
the Model $X-28 receiver uses two 6V6GT tubes connec-
ted in push-putl. These tubes are driven by rhe 68C7
double triode. One of the triode sections of the 65C7
tube is used as the inverter to the 6VO6GT tubes. A por-
tion of the signal from the plate circuit of the first 65C7

triode is fed to the grid of the ocher 65C7 triode Secrion,
thereby giving two output voltages in opposite phase
suitable for exciting the push-pull 6V6GT output am-
phifier.

(12} THE POWER SUPPLY

The power supply in the Model $X-28 is quite normal
except that ic supplies volrage for che 6V6GT output
tubes directly from the rectitier or before the Glrer syscem.
Voltuge luctuations in the reeciver are greadly reduced—
increasing the audio output of the receiver and stabilizing
the operation of all circuits.

The filter circuic consisting of a total of 60 mids of
capactty plus an additional fileer in che 65C7 place supply
and a 12 henry choke keep the hum level of the receiver
in excess of 60 DB below maximum outpuc. The power
transformer 15 buite to wichstand continuous operation
at 250 degrees F but has been designed to run at approxi-
nutelv 160 degrees F under normal conditions.

(13) SPECIFICATIONS
Tubes:
1. 6AB7  1se RF Amplitier
1-—65K7  2nd RF Amphticr
I 6SA7  Mixer
I 6547 HF Oscillutor
1 6l7 st IF Amolilier Noise Limiter
1- 6SK7  2nd IF Ampliter

1-6B8 2nd Deteceor and S meter tuhe
1--6B8 AVC Amplifier

1--6AB7  Noise Ampliher

1--6He6 Noise Rectiher

1-6J5 Bear Oscillator

1 65C7  1st Audio Amplihier

2—6V6GT Push-Pull Queput Amplihers
1—5Z3 Receibier
Power Consuinption-—at 117 volts 60 cveles - 138 waus
Power Consumption--DC operation—18 amp. at 6 volrs
or 108 wacs
Power Qurpurt —& watts undistoreed
Sensitivity—(for 500 milliwates output) varies between
the limits of 6 to 20 microvoles ovet the entire frequency
range of the receiver. 3 x 1000 x

Selectiviey—IF broad Chigh fidelity) 12 ke 36 kc

IF Sharp 4.1 ke 22 ke

Frequency Range RF—Note: These are the actual fre-

uencies covered corresponding to nominal figures in-
jac.uc\l on the fronc panel.

550 to 1,620 kilocycles
3.1 megacycles
S.9 megucycles

5.75 o 11.5 megacycles
10.3 ro 21.5 mcgacycles
204 w 43 megacycles

Frequency response AF (audio filter our—broad IF—rtone
contzol high)-70 1o 3000 cycles = 214 DB

Speaker Outpuc Impedinces—5000 and 500 ohms

[ntermediate Frequency—455 kc B

Table cabinet dimensions—2014" long x 10" high x 14%”
dee )

Rclaypﬁuck dust cover dimensions—14% ¥ deep x 17347
long x 8%;” high

Pancl dimensions—19” x 837"

Chussis dimensions—17% 4" x 134"

Weighe—(Cunpacked) -75 1bs. packed 87 Ihs.

- 11 -
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(1)

RECEIVER ALIGNMENT

D
Equipment Needed for Aligning:

1—An all wave signal generator which will provide
an accurately calibrated signal at the test frequencics
indicated.

2—Qutput indicating meter connected to 5000 ohm
output terminals.

3—Non-metallic screw driver.

4—Dummy antennz of 200 mmf and also 400 ohm
carbon resistor.

Secting of controls prior to alignment—IF and RF.

Tone contral at maximum high frequency position
{#9)—BFO at 0—Bass switch at Bass IN—AF Gain at
#9—RF Gain at #9—Band switch--1F alignment posi-
tion .55 to 1.6 band—RF alignment depending on band
aligned.

Selectivity control at sharp IF—Send-Receive switch

in Receive—Crystal phasing at #3 on left side—~ANL---

OFF at 0—AVC OFF.

Important: Have bandspread control so logging scale
reads 100.

Antenna trimmer adjusted for Maximum gain at each
RF alignment point on.all bands.

455 KC—IF Alignment: Tune main diaf to 1400 kc on
.55 to 1.6 mc band. Connect the hot lead from the signal
gencrator to 6SA7 mixer terminal #8-~Ground to chassis.
Roughly adjust the aligning screws of T1, the lower
screw of which is accessible through hole in right mount-
ing bracket, for maximum gain. Now adjust lower screw

on T2 (do not adjust upper screw). Also adjust C31 and
the air trimmer condensers at tne top of T3 for maximum

gain. (See Fig. 8 for location of IF adjustments)

Switch to Crystal Broad Position—Turn on BFO and
adjust to 2 tone of about 1000 cycles. Vary the frequency
of the signal generator while adjusting the top screw on
T2 until the oucput goes through a maximum, dips down
and starts going up again. Adjust the phasing control
for maximum sclectivity and then back off the top screw
on T2 uacil the output reaches 2 minimem value between
the two maximum values first noted. The frequency of
the signal gencrator should be varied over a small range
while adjusting the top screw of T2. A swishing note,
in contrast to the usual sharp crystal tone will be ap-

parent when the correct adjustment has been reached.

Switch to “"Xtal Sharp” and adjust C-sp for maximum
output while varying signal gencrator frequency. Two
points of maximum output will be noted corresponding
to two adjustments of C-4. Either one of these points
may be used 2t which to leave C-3. a sharply peaked
tone will result ac the correct adjustment.

Switch o "Xral Medium™ and adjust C-5y till the
output is midway between the ourputs reached while
aligning the " Xral Sharp” and " Xtal Broad™ positions.
The apparenr sharpness of tone should be-midway be-
tween the “"Sharp™ and "'Broad™ positions.

Switch again to "'Xzal Sharp™ and ser the signal gen-
erator to exact crystal frequency. Set BFO front panel
control to a tone of approximately 1000 cycles. Switch
again to “"Sharp IF"" and carefully realign che IF trans-
formers as carlier described in the first paragraph of these
instructions.

(2) BFO Adjustment: Set front panel control to zero---BFO

switch ON—Signal Generator runed to crystal frequency
—selectivity switch in JF Sharp position—now, adjust
screw on top of T4, after loosening lock nut, to zero best.
(See Fig. 8)

(3) Noise Limiter and AVC Amplifier Adjustment: Have

the controls set as before except that the AVC switch is
now in the ON position. Connect a high resistance type
voltmerer across R49 which is connected between termi-
nal #5 of the 617 rtuke and chassis. Connect a 50,000
chm resistor across primary of TS (Red and Blue leads).
Set generator ac 455 ﬁc as for IF alignment. Connect gen-
erator to grid of 6AB7 wbe (pin #4). Rotate ANL control
all the way to che right, or position #9. Adjust screws
on [05. of TS for maximum iadication on DC meter con-
nected across R47. Reconnect generator, as for IF align-
ment, to mixer grid of 6SA7 tube. Remove 50,000 ¢hm
resistor which was inserted across primary of T5 during
alignment. Remove grid clip off top of 6L7 tube. With
generator set at 455 ke and ANL control at exereme right
adjust wave trap trimmer C55 for minimum signal as
indicated on outpur mecer. (See Fig. 8 and Fig 12 for
location of adjustments).

With gencrator connected to 6SA7 mixer grid as above,
replace 6L7 grid and turn ANL coatrol to extreme Jeft
untit switch clicks. Connect high resistance DC meter
across 6B8 diode filter condenser C64. Adjust screw on
top of T6 for maximum indication on DC meter across
C64.

(4) For RF and oscillator adjustment location and align-

ment procedure see Fig. 12,

-12 -
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FIG. 8—SX28—TOP VIEW
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FIG. 10—AUDIO FIDELITY CURVE

+10 "BASS IN"
0 —= \\\
. N :k\t.\ (/J
-10 P \\f
4 AN o “?
g MODEL SX-28 Y\ N
—-zo ) A |
G N N
w N\ N
Q_3o ‘T
\
a0 ] (1) LF. BROAD-TONE CONTROL OUT N N
| (20 LF. SHARP-TONE CONTROL OUT 3
—s0 (3) I.LF. SHARP-TONE CONTROL IN
30 100 1000 10,000
CYCLES PER SECOND
FIG. 11—AUDIO FILTER CURVE
v =R [ T [ 11
: » FREQUENCY RESPONSE WITH
+10 Ny BASS SWITCH IN & OUT —
\e SELECTIVITY—"CRYSTAL SHARP"
s
+5 W
3 o //"'“‘\~ BASS our
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FIG. 12—RF AND OSC ADJUSTMENT LOCATION AND ALIGNMENT PROCEDURE

il j- TT; Tar |‘| | 'II-,W]

e— o At

“FP" INDICATES FIXED PADS WHICH
SHOULD NOT BE ADJUSTED.

. RF & OSC. ALIGNMENT PROCEDURE
Connect hot lead of si sl generator [()VAlr»-(hrruugh (lLl’llH’ll’);‘;m[‘c’m"l;l shown in table, Leave jumper connected
hUWC&"}ﬁ}”“‘ G. Gmumﬁ‘u( Generator to Chassis.

- R P7~ “:"g' b | HIGH FREQUENCY END || LOW FREQUENCY END
Band SLgmn‘gl S l%mqt.nl A:::::‘}; Adj\l;‘,sic[hosc, Afci‘;ruls\:l;l;r‘ixg:icnrs Ad]\t{;sit[hOscA PEI_r::’cc::ibiéiyty
1 1.4 mc 1.4 mc 200 mmf (o Cyo
1 .6 .6 200 mmf N Sy |
2 28 2.8 400 ohms Coo Cos R R
2 1.6 1.6 400 ohms . 2
3 5.6 5.6 400 ohms Cioo Cos Css N
3 3.2 3.2 400 ohms R TR S Ss Ss
4 11 11 400 ohms Cin Cos Cso T

4 6 6 400 ohms R T, Ss Sy Ss
5 20 " 20 400 ohms Cioz G Cuo N
5 11 11 400 ohms I R Ss Sio Sn
6 36 36 400 ohms C]()a Cm' Cm F S
6 22 22 400 ohms N Siz Si3 Si4

- 15 -
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The following measurements made with a 20,000 ohms per volt meter and taken from the socket terminal indicated

to ground or receiver chassis. Antenna and

round were disconnected from the receiver when these measurements

wete taken and the RF and AF gain coatrols sct at maximum. DL’ means Dead Lug but will indicate voltage
when used as a tic. Normal tolerance allows a variation of =107, from the indicated values.

TUBE FUNCTION SOCKET TERMINALS

. 1 2 3 4 | s 6 | 7 8 Cap.
v,-6AB7 | RF Amp. (1) o1 | a1s| 10 | 63 |27 | .
V..6sK7 | RF Amp. (2) 435 o1 | 43s|10s | 63 [279 | ...
Vo6sa7 | Mixer o0 100 012 41| 63 -
v.Gsa7 | HF Osc. o e |1 03 | ... | 63 |16 | ..
Vs-6L7 goﬁ;nﬁi;g:)cr o s |02 o .| 63 4 —.075
veesky | IF Amp. 2 N 4 e L107s| 63 | 35 |
V1-6B8 §“§43§§'Tubc 172 | —.255| —.255] 108 | 6.3 —17
Ve6B8 AVC Amp. 255 | 02| 02 | 107 | 63 P
V,-6AB7 Noisc Amp. 071 1.1 150 6.3 -225 .......
V,o-GHG Noise Rectifier 1 . 17.—6—0_1. 6.3 #—41 .......
V1-6]5 Beat Osc. - o ... 1140 —74 1 ... 6.3 ONL%[F%)O?{NFEST
V,,-65C7 1st Audio Amp. ... | 140 137 . 14 63 | ... | ...
V,.,-6V6GT| P.P. Audio Amp-‘ 310 290 1498;-])_L 6.3 17 |
v,,6V6GT| P.P. Audio Amp. 310|290 T Ty [ |
Viesz3 | Rectifier * 320 a0 ACao acl30 | | | ] )

*5 V. AC between Terminals b & 4 -
F GUARANTEE

This receiver is guaranteed to be free from any defect
in workmanship and material that may develop within
a period of ninety (90) days from date of purchasc, under
the terms of the standard guarantec, as designated by the
Radio Manufacturers Association. Any part or parts that
prove defective within this period will be replaced with-
out charge when subjected to examination at our factory,
providing such defect, in our opinion, is due to faulty
material or workmanship, and not caused by tampering,
abusc or normal wear. All such adjustments to be made
FOB the factory.

Should this receiver require any adjustments, your
dealer or distributor has complete technical service in-

formation, ot the factory will be glad to assist you in
any problem direct.

Should it be necessary to return any part or parts to
the factory, a "'Return Material Permit’” must be ob-
tained in advance by first writing the Adjustment De-
partment, who will issue due authorization under the
terms of the guarantee.

The Hallicrafters Company reserve the right to make
changes in design or add improvements to instruments
manufactured by them, without incurring any obliga-
tion to install the same in any instrument previously
purchased.

All Hallicrafters receivers are built under patents of
Radio Corporation of America and Hazeltine Corporation

- 16 -
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H. INDEX TO PARTS MANUFACTURERS

SYMBOL MANUFACTURER ADDRESS
A Aerovox Manufecturing Company New Bedford, Mass.
AL Alden Products Company Brockton, Mass.
AP Americen Phenolic Corporation Chicago, I1l.
BE Beeds Elsctrical Instrument Co. Chicago, I1l.
BL Bliley Elsctric Co. Erie, Penna.
cD Cornell-Dubilier Corporation South Plainfield, N.J.
CRL Centralabd Milwaukee, Wis,
cs Clarostat Manufacturing Co. Brooklyn, N.Y.
CcT Chicago Telephone Supply Co. Elkhart, Ind.
E Essex Wire Corpeoration Chicago, Ill.
ER Erie Resistor Company Erie, Penna.
GE General Elsctric Company Chicago, Ill.
GT General Transformer Corporation Chicago, I1l.
H The Hallicrafters Company Chicago, T1l.
HH Hart & Hegeman Electric Company Hartford, Conn.
IRC International Resistence Company Philadelphia, Penna.
LF Littlefuse Labs Chicago, I1l.
MN Meissner Manufacturing Co. Mt. Carmel, Ill.
MM Midwest Molding Compeny Chicago, I1l.
MT The Muter Company Chicago, TI11.
oM Oak Manufacturing Company Chicago, Ill.
RC Radio Condenser Corperation Chicago, I11.
RCA RCA Manufacturing Compeny Chicago, Ill.
SI F. W. 8ickles Compeny Springfield, Mass.
SP Sprague Spscieltiss Company North Adams, Mass.
ST Standard Transformer Corporation Chicago, I1l.
SWI 8. W. Inductor Company Chicago, I11.
U Utah Radio Products Chicago, I1l.
UB Underwood Electric Co.

Chicago, I11.

-7 .
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FIG. 12-—RF AND OSC ADJUSTMENT LOCATION AND ALIGNMENT PROCEDURE

- 17T il

[
FP Cioi Cioo FP Cio3 Cgg Cog Cip2 FP

"FP" INDICATES FIXED PADS WHICH
SHOULD NOT BE ADJUSTED.

RF & OSC. ALIGNMENT PROCEDURE
Connect hot lead of signal generator to Ai—through dummy antenna shown in table. Leave jumper connected
between A: and G. Grounf of Generator to Chassis.
Rec. Dial Sie. G D HIGH FREQUENCY END LOW FREQUENCY END
Band Sf:étinlg;l '%;'rcqfn' A::::;?; Adi\u{/sitthOsc. Afc(i)jruls\fl;l;(r.inér:ic;s Adj\l{/sitd?sc. Pc{::]ccadbg;ty
1 1.4 mc 1.4 mc 200 mmf Cos Cyo o
1 6 .6 200 mmf R St |
2 2.8 2.8 400 ohms Cos Cos .|
2 1.6 1.6 400 ohms o S: |
3 5.6 5.6 400 ohms Clog CQ.] Css F T
3 3.2 3.2 400 ohms R Ss Se Ss
4 11 11 400 ohms Cior Cos Cso R R
4 6 6 400 ohms T Ss Sz Ss
5 20 20 400 ohms Cmg Cga an P
5 11 11 400 ohms T T Se Sio Su
i_ 36 36 400 Oth C103 C97 Cm PR
6 22 22 400 ohms P Sz Si3 Sis

094-903065i


https://www.manualsplus.com/

DULYWIHIS—BIXS—E1 "Ol4



https://www.manualsplus.com/

o) ]

SWg-2
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~090) ~000)

6AB7
(1853)

SCHE

®

000 —.000]

®

1

S¥g-g

100 _VOLTS

AN B

€

©

®
FW 000) ~000) —~000] ~o00

o
5
o

SWa-

Rz

-

E_IR F GAIN

I

l°s7

casF
+

=

Re

|||_.

ik
T

S tio0 0
2L
§2 "!Ggg Cy
4 W
gg A
3980|2

SW3-|5?

SWI'l;GHES -

2
€
3

poson -

OPERATED BY BFO-AVC Sw

10 .

Q.55MC.
1.6 MC.
3.0MC.
5.8 MC.
11.0 MC.
21.0 MC.

T0
TO
TO
T0
TO
TO

GANGED WITH BAND SW.

n TONE CONTROL
n  BASS L]

FREQUENGY RANGES

1.6 MC.
3.0MC
5.8MC
1.0MC

21.0MC.

43.0MC

B
SW6
Sw7
sw2

AVG -~ BFO SWITCH

LEFT
OPEN
OPEN
OPEN
OPEN

CENTER
CLOSED
CLOSED
CLOSED
OPEN

RIGHT

CLOSED
CLOSED
CLOSED
CLOSED
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SCHEMATIC DIAGRAM - SUPER SKYRIDER - MODEL

the hallicrafters co.

6SA7

100 VOLTS

Iy p!
~~
H1lswg.o

swgg O

®

®

L
cz(l"lo-

SX -28.

SELECTIVITY SWITCH

XTAL MEDIUM
. XTAL SHARP

T2

I
2
3.
4. XTAL BROAD
5
6

280 VOLTS

CATHODE  RETURNS

GANGED WITH BAND SW.

5"8-\5?

swrQ?

‘CHES —

OPERATED BY BFO-AVC SW.

I,

!EQUENCY RANGES.

0.55MC. TO 1.6 MC
L6 MC. TO 3.0MC.
3.0MC. TO 5.8MC.
5.8MC. TO il.OMC.
11.OMC. TO 21.0MC.
21.OMC. TQ 43.0MC.

Rig

GANGED WITH BAND SW.

I

BY ANL. CONTROL|

:_E:.'!Q

TONE CONTROL
BASS L]

Swi
SW6E

SW2

AVGC - BFO SWITCH

LEFT
OPEN
OPEN
OPEN
OPEN

CENTER RIGHT

CLOSED CLOSED
CLOSED CLOSED
GLOSED CLOSED
OPEN CLOSED

SHORTING PLUG WHICH
MUST BE IN SOCKET "P"
FOR A.C. OPERATION.

3
Csq
[\WAVE TRAP __' "Cw
*r—
92
T
L3
e W-—‘_
T7
:i)r—j——ﬂ Fs, I
=3 SW3
Tese Les
FOR 0.C. OPERATION CONNECT
270 VOLTS + TO PIN 3, — TC Pl
M f M
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SELECTIVITY SWITCH POSITIONS

| i.F. BROAD.
2. LF. MEDIUM BROAE.
3. I.LF. SHARP.
4. XTAL BROAD.
5. XTAL MEDIUM.
6. XTAL SHARP
—
Cosl
4T s
0% 6
SWy.,
202 ot
—o/
/
/
3
/
/ 3
CosT RIS !
< L L / \ L | = $
/ $Ro7
/ /| 1
R ~— o 3
// G29 30 20 l 2R,
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