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SECTION 1

GENERAL

The NCX-5 is a five band high-performance
transceiver for the 80, 40, 20, 15, and 10 meter
amateur bands, intended for use in fixed home in-
stallations, as well as for portable and mobile appli-
cation. The NCX-5 provides choice of SSB, CW, or
AM operation with unusually accurate dial calibration
and high frequency stability, together with operating
features in all three modes normally available only
with separate receiver-transmitter combinations.

A NATIONAL 8-pole crystal lattice filter with
a 6 to 60 db. shape factor of 1.7:1 and a bandwidth
of 2.8 Kc @ 6 db. provides sideband suppression and
receiver selectivity previously found only in commer-
cial communications equipment.

TheSOLIT: 8TAT r._’\/ 0

DESCRIPTION

band to reduce QRM or to make accurate SSB sup-
pression checks with the calibrated S-meter.

ALC (automatic level control) is incorporated in
the NCX-5. Effective talk power is increased and
microphone gain and speech loudness are made non-
critical by this system. The 10 db. range of the ALC
circuit in the NCX-5 prevents “flat topping” and
splatter.

An ALC INPUT JACK is provided on the
NCX-5 for use with the NCL-2000 2 Kw linear
amplifier for control of the NCX-5 by the ALC
voltage from the NCL-2000.

Choice of VOX-PTT-MANUAL operation is
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SECTION 2
INSTALLATION

2.1 POWER SUPPLIES:

The NCX-5 transceiver may be used with either
the matching NCX-A 115/230 volt A.C. or the
National 12 volt D.C. power supplies. We strongly
recommend use of the National Power Supplies de-
signed for the NCX-5 because of their extremely
“stiff”” voltage regulation and superior filtering,

NCX-A power supplies with serial numbers be-

ginning with 73 or hlgher are designed for operatlon

waith the B 04»’—' 'zs..'k"\ﬁmﬂ .\\JC_,fA RSWIPT ST
witih sax i
e TR i e

HH!;!!{I,H:!I Lt ik

tip of the microphone plug is connected to the
grounded shank of the plug when the push-to-talk
button is pressed. The microphone push-to-talk button
is connected to the —40 volt bias.
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SECTION 3
OPERATION

. TLINING PROCENLIRES R
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3. Return FUNCTION switch to SSB. Push by control from the external push-to-talk
the MOX-OFF switch to the MOX posi- switch. The VOX DELAY control remains
connected in the PTT mode and may be

tion,
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3.2.1 MAIN TUNING CONTROL AND
DIGITAL DIAL READOUT

e @ .8

NCX-5

\TRANSCEIVER

@

The NCX-5 transceiver incorporates a digital-
type direct frequency readout to allow frequency
adjustment to 1 Kc without interpolation between
divisions. The VFO is accurate to 1 Kc, and it is
read by adding the frequency in kilocycles shown on
the counter dial to the frequency in megacycles shown
on the BANDswitch. With the BANDswitch in the
14.0 Mc position, the frequency as shown in the
illustration above is 14.321 Mc. If the BANDswitch
were in the 3.5 Mc position, for example, the above
frequency would be 3.5 Mc plus 321 Kc, or 3.821 Mc.

To provide even greater resettability, the NCX-5
readout incorporates a fourth window, as shown
above, calibrated in ten one-hundred-cycle divisions.
The illustration above actually indicates that 321 Kc
plus 200 cycles (321.2 Kc) should be added to the
BANDswitch frequency.

3.2.2 DIAL SET

The dial of the NCX-5 may be adjusted to exact
frequency, such as a 100 Kc marker from the op-
tional plug-in XCU-27 calibrator, by tuning to the
marker frequency in the receiver and then by pulling
out the main tuning knob of the NCX-5 and turning
the knob until the dial reading corresponds to the
known marker-frequency.

3.2.3 THE FUNCTION SWITCH

Note the various interlocking features of the
FUNCTION switch. In the SSB or AM positions of
the FUNCTION switch, either VOX, MOX, or PTT
operation may be used (see paragraphs 3.2.8 and
3.2.9). The rear panel key jack is disconnected in
the SSB or AM positions, thus allowing a key to be
left plugged into the NCX-5 at all times. Accidental
closing of the key will not trip the unit to transmit
if the FUNCTION switch is in either the SSB or
AM position.

In the SSB position, the product detector is in
use and the CARRIER INSERTION control is dis-
connected from the balanced modulator circuits.
The CARRIER INSERTION control has no effect
in the SSB position of the FUNCTION switch and
may be preset for either CW or AM operation.

In the AM position, the diode detector is selected.
Bias is applied to the carrier oscillator during AM
receiving periods, thus silencing the beat frequency
oscillator of the receiver.. The CARRIER INSER-
TION control is connected and should be adjusted
according to paragraph 3.2.5.

If the front panel FUNCTION switch is in the
CW position, the rear panel key jack is connected for
automatic break-in operation. At the same time, the
plate of the microphone preamplifier is grounded to
prevent accidental modulation of the transmitted
signal by amicrophone connected to the NCX-5.
During CW operation, the VOX-PTT switch can be
in either the VOX or PTT positions without any
effect on the operation of the transceiver. The slight
audio “beep” which may be heard from the loud-
speaker at the beginning of each keying cycle is the
result of the extremely fast attack time of the break-in
CW circuit which eliminates “clipping” the first dot.
The CARRIER INSERTION control is connected
and should be adjusted according to paragraph 3.2.5.

Finally, in the TUNE position of the FUNC-
TION switch, the keying circuit is internally
grounded, placing the NCX-5 in transmit condition.
At the same time, full carrier is inserted, and adjust-
ment of the CARRIER INSERTION control has
no effect. It is important to note that if the FUNC-
TION switch is placed in the TUNE position, and
an antenna is connected to the NCX-5, full power
transmission of a CW note will occur and can cause
unwanted interference. Tune-up procedure should
therefore be limited to as short a time as possible.

3.24 THE PA TUNE AND PA LOAD
CONTROLS

Adjustment of the PA TUNE and PA LOAD
controls is interdependent. For normal tune-up, the
FUNCTION switch is placed in the TUNE position.
The EXCITER TUNE control is set for maximum
meter indication. The PA TUNE control is then set
for minimum indication, indicating resonance of the
Pi network. For a normal 40 to 60 ohm resistive an-
tenna, the PA LOAD control should be rotated clock-
wise to increase the meter reading. As this is done,
there will be some interaction with the PA TUNE
control, and it will be necessary to slightly adjust PA
TUNE for minimum meter indication. As the PA
LOAD control is advanced, the minimum meter read-
ing will increase. Proper loading for 200 watts peak
input occurs at 300 ma (marked in red on the meter
scale). This loading current should not be exceeded,
since the Pi network design is such that additional



power input from a 700 volt supply will not result in
additional power output. Above 300 ma the efficiency
of the NCX-5 final amplifier will be impaired, and
no further output will be obtained.

Proper operation of any linear final amplifier
depends on proper idling current adjustment and on
sufficient drive for adequate peak plate current during
an off-resonance condition. The adjustment of the
bias setting of the NCX-5 final amplifier is discussed
in paragraph 3.1.3. Assuming this setting has been
made for an idling current between 50 and 60 ma,
it should be possible to obtain a momentary maximum
off-resonance plate current in excess of 350 ma when
the PA TUNE control is rotated away from the point
of minimum current. If 700 volts is being properly
supplied to the plate circuit of the final amplifier,
and the EXCITER TUNE control is properly ad-
justed, this off-resonance current should exceed 350
Fobs gurnemss unnes e aeltteved, tfee sause
stioudtd P Taund!, Fepicsl causess may inellude: aay =
the following : Hra Blas setsing, 1mprones
EXTITERE TLNE. adjostment;, low plate sappls
valtage te tihe flnal amplifiez snder full. oad conde-

tions. low: driver- B4 . defective: final’ ampl ifier tubes
or driver tube;. or improper alignment: of the exciter-

stages resulting in low. driving signal.

As menticned: abevs; iow plate supply veltage
to: the final amplifier will frequently: resul” in- diffi-
culty' in sbtaining =z suitable: off-resonance current.
The NCX-A power supply is rated: to deliver 700 volts
to the final amplifier withi & 115 volt A& input.
The D.C. power supplv is rated to deliver 700 volts
to the plate circuit of the final amplifier with « 4.0
volua input to the power supply: If the A.C. line voltage
or the mobile battery supply voltage is low, the
power supply output will be- reduced. Under these
conditions, amr of>-resonance. plate current .of .Jess than
350 ma will probably occur. This will not impair the
operation of the NUX. 5 tranacelver provided that
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clockwise position, the antenna load impedance is
below 40 ohms. If, on the other hand, the resonant
dip is still less than 300 ma with the PA LOAD con-
trol rotated to its full clockwise position, the antenna
load impedance is above 60 ohms. It is possible to
modify the Pi network output capacitors of the
NCX-5 to take care of some misloading in these
directions. With the PA housing removed, a group
of four mica capacitors will be seen just below the
BANDswitch and connected between the BAND-
switch and chassis. These capacitors, C-37 (3.5 Mc),
C-38 (7 Mc), C-39 (14 Mc), and C-182 (21 Mc)
are, respectively, 1000, 470, 220, and 220 pF. They
appear in parallel with the front panel PA LOAD
control as shown on the schematic diagram and may
be altered to extend the range of the Pi network. If
the load impedance is too low, the capacitance should
be increased. A good quality silver mica capacitor
may be used for this purpose. It is advisable to use
25 shrme @ wese wize v those weoguaitons A can e
whearred.

Thers 15 o caurse somer interactior:
hetweem ther P& LOATE cantrol. and: the: P TTY Nu
control. If load matching as: described. irc tie: pre-

ceding paragraph: is attemptad; it is-possible that the

tuning of the PA. TWUNE controi’ will be shifted to

a_ point. where- this centrel will. no longer- caver the-

entire-amateus band. Irr shis event, i3 will be neaessary
to- use external matching tecimiques. it is-alse possible
that the anfenna line will introduce an inductive. or
capasitive: component to the: NCX-5 antenna termi-
nals In this event, there may be also: a: skift of the
PA TUNE sontrol so that it will net tune: over the
entire amateur band. Again it wil be necessary te
alter the antenna impedance by means of an external
matching network or correction of the anterna diff-

culties. SSB operation should not be attempted uniess.

the. NCX-5% is properly matched and loaded because
severe distortion can result with any improperly
matched SSB transmitter or receiver.
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3.2.7 S-METER ADJUSTMENT

Proper S-meter adjustment of the NCX-5 is ob-
tained by disconnecting the antenna and detuning
the EXCITER TUNE control while the NCX-5
is set for SSB reception. With the RF GAIN fully
clockwise (maximum gain), the S-meter adjustment
(in front right corner of chassis) is rotated until the
meter indicates between 0 and 1 “S” units.

328 VOX-PTT SWITCH AND VOX CIRCUIT
ADJUSTMENTS

The VOX-PTT switch may be set to either
mode, depending on preference and availability of
a push-to-talk button on the microphone. Proper
microphone jack connections are illustrated in figure
No. 1.

Assuming that VOX operation is selected, the
operator will find that the VOX GAIN and VOX
DELAY control settings of the NCX-5 are remarkably
free from interaction. The extreme VOX sensitivity
available in the NCX-5 permits full anti-vox insertion
at all times. As a result, no anti-vox control adjust-
ment is required. With the VOX DELAY control
fully ccw, VOX GAIN control is advanced slowly
until the microphone just trips the NCX-5 to transmit
with normal speech level. Mobile operation requires
close talk to the microphone, since the high level of
road, wind, and motor noises will otherwise tend to
accidentally trip the VOX circuit. The VOX DELAY
control is then adjusted for the desired release time.

It should be further noted that PTT and CW
break-in operation are obtained through use of the
VOX circuit. However, the VOX GAIN control will
have no effect on this operation and may be left in
any position. The VOX DELAY control is effective
are Soth 0T awdl T 1@&@*@1@ e Bhewin!
b= adijusted it sne: aperadi fking: o= delay a% the
ene off the Yransmissioan.

329 TEE. MOX-OFF SWITCH

The MOX-OFF switclz i the: MO2E {manuall
opecatiorr) position: places:the: NCX-5 irr the transmit
mode; regardless- off tie position: of the VOX-PTT
switch. or- the FUNCTION: switcks. This positicn i
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times—only the receiver frequency is affected by the
TRANSCEIVE VERNIER. The NCX-5 TRANS-
CEIVE VERNIER will be found to be extremely
useful in AM or CW QSO’s, as well as in SSB net
operation. It allows the operator to tune to the de-
sired AM or CW station with the VERNIER control
pushed OFF, thus placing the transmit section of the
NCX-5 on frequency. Then the TRANSCEIVE
VERNIER can be pulled ON to offset receiver fre-
quency enough to allow tuning of the station to the
proper part of the filter passband for best copy with-
out “walking” of the transmit signal.

To escape QRM during a QSO on SSB, the
TRANSCEIVE VERNIER can be used to find a
clear channel. Once a clear channel is found, the
NCX-5 receiver is placed back on frequency simply
by pushing the control IN, and arrangements may
be made to QSY. The casual listener may also listen
to two adjacent QSO’s by merely turning the
TRANSCEIVE VERNIER control on and off and
thereby instantly place the NCX-5 receiver on either
frequency.

3.2.11 MIC GAIN CONTROL

For SSB operation, set up the NCX-5 by proper
tuning of the final amplifier and exciter stages, and
advance the MIC GAIN control until the meter
reads between 100 and 125 ma on speech content
from the microphone. The single sideband audio
information so developed has a rapidly varying
energy content and the meter will rapidly fluctuate
between the 40 to 50 ma idling current and the 100
to 125 ma meter reading. Actual peak current is
about 300 ma. This fluctation will be affected by the
nature of the speech content and the individual
voice. Generally speaking, the indication will be
higher for long drawn out vowel sounds than it is for

< oT TS ORI SCALE TR
CIISTS TURSORGITE SCAWLEIR,

Tnaiusiorn ot am effessive ALY arrclrz 1 thse
l‘ﬁiugfi has-diministed: the importance: of the. micre-
proag gair: cantroll A& MICG: GAIN controd has beerz
provided fecause of the-wiae variety 95 misrophones
and Yarge: variatior. im wutput_fevels evesm of micre-
phones of. the: same- type. As the MIGIGAIN: control
1& rotated from: she full ecw: positiors,. the current ors
voice: peaks willl increases ter approximately 125 ma.

A MIC. GAIN: is furtf:’r?r increased, ,httle aaditiona’t




reaches a point where the meter just indicates a
slight flicker of speech peaks, modulation is 100%.
Operation with the MIC GAIN control above this
point should be avoided, since excessive drive will
cause clipping of the modulation envelope, and this
will result in unwanted spurious transmission outside
of the passband of the NCX-5.

3.2.12 THE TEN-METER SEGMENT SWITCH

If it is desired to operate on one of the 10-meter
@a‘brﬂ' ’Pfgb-' x 7

13 desirec, *he zq:propaah
i1 Sockets are near ‘he-existizig crystal on l,;
. Irv-the- fron'r rlgh -nand ”corner of

crystal mus; bﬁ B! uggec .

full ccw position so that no audio modulation will
occur. The carrier balance control is then adjusted
for minimum meter indication. This meter reading
should be between 50 and 60 ma if the BIAS con-
trol is properly adjusted. When the carrier balance
control is properly set, it may be left in this position
for all subsequent operation. A more precise indica-
tion of carrier balance control setting may be obtained
either by using an oscilloscope connected to the an-
tenna line or by listening to the carrier on a separate
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i “Theory- of Operation.”
i1 are- available from the--Service Jepartrnent of
- National Radio Company. -
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SECTION 4
THEORY OF OPERATION

4.1 GENERAL: The crystal lattice filter is resistance terminated
and coupled directly to the grid of the 12BA6 (V15)

The NCX-5 transceiver, designed to cover the first IF stage. The single-tuned plate circuit is coupled

80 through 10 meter amateur bands, combines a to the grid of the 12BE6 (V3) first transmit mixer.

_double conversion superheterod ne receiver and single
1STIOF:

“toitner.recerer-and
“the receiver firs: IF sta

results - ir:: ari- extrérielv. sensitive “and
lectve . receiver and in a th‘h qual
SSB transmitt8r.. ool

1 Ke a: any pomf w1thm the 50C I&C,tunmg, range_

..Output from the ' VF{ is taker from the collector of s Tae operation, of  th
the 2N2186 (2% ard fed to the-oscillator grid -of the . by referenceito the block -diagram

12BE6 /V3) first transmit mixer. : ‘requency chart, figure 3. &

and the -

is always n the 35to 4 O Mc band T*us s1gna| 1s tg(; 777777 . 4.2 THE TRANSMITTER:

through a bandpass double-tuned circuit to the gric i
X-5 is irdi- . of the pentode section ol the 6KE2 (V4B) second : The <ransmit signal path of the NC
ine starting -  transmit mixer.:The triode section of the 6KES§ is cated on the block diagram by a dashed
The micro- used as a crystal oscillator which feeds both the second at the mike jack and carrier oscillator.
-impedarce transmit mixer and the first receive mixer. phone inpyt circuit is designed for higt
vides ior a . ) dynamic or crystal microphones and prc

The plate circuit of the second transmit mixer

is single-tuned and feeds ‘the grid of the 6GK®& (V5)

push-to-talk ‘microphone circuit. The mi
connected directly to the grid of the pen

crophone is
tode section

driver. The single-tuned plate circait of the driver : f 2 6GH -
;EZZMEE:; feeds the grid of the final amplifier. . The coils in the - gef The 851(?173116‘1)5 ?;12?1 v;f::;c?h?gcl;rahtgtshaes
\T7 (}‘276 A) Plate cirf:uits of the transmit mixer and driver are gain controlgto one triode section Ofgﬁ e 12,
this speech pand switched for the 80, 40, 20, 715, and 10 meter ;peech amplifier. The plate Circui-t of
modulator. amateur bands. he tuning gang is tracked so that amplifier :s coupled to the diode balanced

exciter tuning can be accomblished with only one con-

) trol Trle galns oi the transmlt mixer and driver are
two carner . ‘

AU7 (V7\ tuhe is.used. for fhe

: COIMIMMIGN resistive _plate i
i balancea moau

“anc . \,7 25 The ming -balance
\Cltlvr- pnase cn the red,r awr@n ! has poth a resistivé balance and a cape
ol the out plates of the GJEG_" | balance. The baianced primary winding
ded winding - high-efficiency Pi nétwerk. The band sthvh selects' . jput transformer 15 coupled io a single en
lO) ti:ansmi‘t preper inductance, tuning and leac capaéitané BT Y | which feeds the plit of the 6BABG (\7-

match = :40 to 60 ohm res*stwe Aoaa over the - -entire - - IF stage. The transmii IF stage feeds a
= ’ —rirowit. - The.secondary -winding
o GG

A 2ed
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, 44 THE:VOY: CIRCUITS: oo
-4.2 THE RECEIVER:

Before considering the switching opera
The-receiver circuits"are indicate#l by the double™ - st first discuss the VOX éireuits.

solid lines in the biock diagram. The receiver RF cir- -
cults-are commorr to the transmitter RF circuits. The
-hiqTi impedance pdi'r‘l't""()'f the transmitter Pi network

- . _The. signal—which trips the relay-trom-1
transmlt 1s derived irom two sources. The fi

X, signal which iz picked up after tl
“phone vredriiplifier and separately amplif
- two staqe amplifier consmtmg of V9A

A '_Vosolllator Tae plate- of ~this mixer. 1z are— appher_ in-series- 1o

1 v'the-signal grid 67°t1e:12BE6-7Vid) sécond | - rube. qu rlrcult “Codstants ins the: Ve'
receive mixer. VFC signal is coupled tc the oscillator -+ VOX- rs dre.arranged so-thai the 3G vol
gric. of -this mixer. The plaigicitcuii-of the-second . derived fromiithe -ANTI-VOX - detecioris =ah

receive -mixer-is connected directly -actoss the sebonas —2- lare han the voltage'generated inthe VOX cha
ary-of the transmat T%- transformer .whichserves:.as-— fom ouds"\eaken information.

the input coil to the-crystal lattice filter- - e, . e .
- Additienaiinformation-entering -the micropl

The output of the-crystai lattice filter;-as in the 1s ‘amplifiec through the-VOX ampliﬁé'r?'-é'nd’wil]
transmitter, coupies to- the input :of a tnrec stage . velop enough negative voltage at the:grid of ithe 1
single-tuned -IF amplifier_operating at @pproximately-  tube to_ let the- relay. fall off ‘and place_the’ ci
6:02 MC. The detectors and. AGT’ oircuits are fed’ into_transmit “position: -
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The VOX and ANTI-VOX detector time con-
stants are so arranged that the circuits will drive the
relay tube grid negative in a very short time. At the
end of transmision, the relay control signal cannot
discharge backwards through the diodes. The dis-
charge time is controlled by R7, the DELAY control
which can be set from a fraction of a second to sev-
eral seconds. This circuit is also used in the CW
position and will be discussed later.

4.5 THE FUNCTION SWITCHES:

ne=MOX= switch <in -the-MOX I pgsition,- -
tter _bias-line (135} 1s grounded -directly.-
ecurs zas<with - PUSE-T3-TALK= ofjgra=.
ning--the -MOX “switch to ‘OFF_ willfturn

tter off and put the:set into.receive conz =i-

CTION SWITCH IN-AM-POSITION -

first transmit mixer. The screen of this mixer tube
V3 (12BE6) will now draw current, causing a re-
duction of screen voltage. A voltage divider connected
from this screen to the —80 bias line will develop a
negative signal which is tied through the VOX-PTT
and the MOX switch to the keying and PTT diode.
The keying and PTT diode feeds the grid of the relay
tube. The relay tube will be biased off, the relay falls
out, and the set is in transmitting position.

The negative signal developed at the first trans-
mit mixer screen is also fed to the product detector
and audio output amplifier for quiet switching.

paca nf Hnn rusch th #all, hytban, "l\n_n.l\n-'-

-,

J1

TFUNCTION SWITOEEDFE::

In -this- Ppsx;ipn the -FUNCTTION._ switcH ifiter-
rupfs—the primary-power, either-directlv in case=of— -
the NC’XL’A-'powerzisupply.:or"through“a Semote - re‘éy -
in _the -NGX=D™ 12-volt=D.C.
of all other switches becomes irre.evant

4.5.2 FUNCTION SWITCH SSB

Withmt

the—-transmi

. Switching
~ tion; “Retur

the transmi
dition.
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predetermined time. Effective break-in keying is
therefore realized. The VOX-PTT circuits are dis-
abled so that the microphone can be left in its jack.
The MOX switch, however, will still actuate the
transmitter.

455 FUNCTION SWITCH IN TUNE
POSITION

In this position the FUNCTION switch will
ground the transmitter bias line, placing the trans-
mitter into operation, as described under “SSB-PTT
Operation” (paragraph 4.5.2.2) and ground one of
the balanced modulator deflection plates, providing
a strong signal through the system. The MOX, VOX,
PTT, and key circuits are disabled and have no in-
fluence on the tuning procedure, In this position, the
center arm of the CARRIER INSERTION control
is switched to the top of the control, providing an
unbalanced condition. The bias on V-10 is still at
zero. This provides for more than adequate drive for
the tune-up condition.

4.6 RELAY FUNCTIONS:

In the foregoing discussion, the exact nature of
the relay switching was not described. The six-pole
double-throw relay is actuated by the plate current
of the 6GHS relay tube V8B. The NCX-5 is placed
in a transmit condition when the relay is de-energized.

The first set of contacts, 5, 6, and 7, transfers
+ 220 volts between transmit and receiving functions.

Contacts 8, 9, and 10 transfer the bias on the
varactor diode in the VFO. This varactor is actuated
by a bias depending on the setting and switching of
the TRANSCEIVE VERNIER control during re-
ceiving periods and by a fixed bias during trans-
mitting periods.

Contacts 11 and 12 are closed during transmit
and are brought out on the rear apron of the NCX-5
for operation of the NCL-2000 linear amplifier.

Contacts 14, 15, and 16 operate as follows: The
relay arm, contact 15, grounds the AGC line of the
receiver at contact 14 to prevent excessive AGC
build-up during transmit periods and to assure a
prompt recovery of the receiver when required. Con-
tact 15 grounds the screens of the final amplifier at
contact 16, during receiving periods.

Contacts 17, 18, and 19 also are grounding con-
tacts: the arm, contact 18 connects the meter at con-
tact 17 to read the final cathode current during
transmit periods; contact 19, grounded during re-
ceiving periods, is connected to the accessory socket
for operation of the external VX-501 console.

Contacts 20, 21, and 22 ground the bias line
either for receive or transmit, placing the appropriate
tubes into operation as desired.

Final Output
Transmit Driver
Second Transmit Mixer 3.5—4 7-7.5 14—14.5 | 21—21.5 | 28—28.5 | 28.5—-29 [29-29.5 | 29.5-30
Receiver RF Amplifier
Receiver Mixer Input
Crystal Osc. None 1 18 25 24.5 25 25.5 26
First Transmit
Mixer Qutput
3.5—4 | 4-35 4-3.5 4-3.5 3.5—4 3.5—4 3.5—4 3.5—4
First Receive
Mixer Output
USB 9.5236 |10.02 10.02 10.02 9.5236 9.5236 9.5236 9.5236
10.0236 9.52 9.52 9.52 10.0236 | 10.0236 | 10.0236 | 10.0236
VFO
LSB 9.52 10.0236 | 10.0236 | 10.0236 9.52 9.52 9.52 9.52
, I ; i B E L) AN 3¢ 1% SR i : : XN S
e | ,
Carrier Cls-c? ' B : ) i ; ) |
) . USB 6.0236 6.02 ; 6.02. - | 8.0z 6.0235 -
Second Receive :
Mixer Output| - ] Tl ! !
L | LsB || 602 60236 ' 6.023€ © 5.0236 * 50% i 6.02 8.02 - | 500
Receiver! IF . . I
|

FREQUENCY, CHART
FIGURE 3
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SECTION 5
NCX-5 TEST AND ALIGNMENT

NOTE: 5.2 INITIAL CONTROL SETTINGS:

TEST AND ALIGNMENT OF THE NCX-5 FRONT PANEL
SHOULD ONLY BE PERFORMED BY COM-
PE'TENT, QUALIFIED PERSONNEL RF and AF GAIN ............... Full cw
FUNCTION Switch ............ OFF
PATUNE .. ... ... . iin.. Full cw
5.1 EQUIPMENT REQUIRED: PA LOAD and EXCITER TUNE Full ccw
. BANDSWITCH ................ 3.5 Mc
1. Signal generator providing output at the TRANSCEIVE VERNIER ...... OFF
following frequencies: 6.0218 Mc, 3.5 Mc, SIDEBAND Switch . ....ooovo. .. USB
4 Mc, 7 Mc, 7.3 Mc, 14.0 Mc, 14.4 Mc, 21.0 10-METER Switch .............. 28.5 Mc

Mc, 21.5 Me, 28.0 Mc, 28.5 Mc, 29 Mc, 29.5 MOX-OFF Switch
Me. VOX-PTT Switch .............. PTT
2. Vacuum tube voltmeter (VIVM).

REAR PANEL
Standard output meter.
) BIAS ... ... Mid-range
4. Sweep generator capable of sweeping at ap-
proximately 60 cycles per second over a fre- INSIDE TOP COVER
quency range from approximately 3 to 4.5
Mec. MIC GAIN .......... .. ... . ... Full ccw
. . ) CARRIER INSERTION ........ Full cew
5. High-frequency oscilloscope covering the VOX GAIN .o Full cew
range from DC to 30 Mc with a maximum  yOX DELAY ................. Full cew
sensitivity of 50 mv per centimeter or better
and a low capacity input probe (Tektronix Power Connections:
type 545 with type L preamplifier or equiva-
lent). Connect the power supply with the 700 volt out-
. .. put turned off. The heater wire connecting the two
6. External receiver capable of receiving at 9.72 6G]5 sockets should be removed
Mec. ’
NMENT PROCED#RE: -,,-,,:,leu-:_«..-&.“-;:;ﬂ.:....,w_.%l alimmnand auer
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5.4 BALANCED MODULATOR ADJUSTMENT:

Connect the high-frequency oscilloscope to the
grid (Pin 1) of the first IF amplifier 12BA6 (V-15).
Place the MOX-OFF switch in MOX position. The
relay in the NCX-5 should open, placing the unit in
a transmit condition. Adjust the top and bottom slugs
of transmit IF output transformer (T-1) and the
slug in the Balanced Modulator transformer (T-6)
for maximum indication on the scope. This should
occur near mid-range on the control.

5.5 CARRIER OSCILLATOR SETTING:

Place the FUNCTION switch in the TUNE
position with connections set as for balanced modula-
tor adjustment, adjust (C-6) corresponding to the
6.0234 Mc crystal until the signal level is 0.2 volts
peak-to-peak as indicated on the oscilloscope.

Set the SIDEBAND switch to LSB Adjust (C 5)

reve:
oseilitiicone

5.7 RECEIVER BANDPASS TUNING:

Connect the sweep generator to the signal grid
(Pin 7) of the first receive mixer 12BE6 (V-13). Con-
nect the oscilloscope to the signal grid (Pin 7) of the
second receive mixer 12BE6 (V-14). Adjust the top
and bottom slugs of the receiver bandpass coil (T-3)
for maximum display amplitude and proper response
similar to that obtained for the transmit bandpass coil.
Disconnect the oscilloscope and sweep generator con-
nections.

5.8 VFO FREQUENCY ALIGNMENT:

Connect the high frequency signal generator to
the signal grid (Pin 7) of the first transmit mixer
12BE6 (V-13). Preset the sideband switching trim-
mer {C-16) and the temperature compensating trim-
mer (C-18) to mid-range. Set the signal generator
frequency to 4 Mc. Adjust the VFO coil (L-27) for
zero beat. Set the generator input to 3.5 Mc and tune
the main tuning dial toward 35 Mc. A beat note

ashould heLnbt?de in. th -of 30, Me.on. he

SRSE t'l?/ trlm-mel» (apa 1

oy Lerati)"-z"lc ‘nain” tu‘nm

I
]
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5.10 VFO SIDEBAND SWITCHING
ADJUSTMENT:

Set the main tuning to zero beat at 3.8 Mc, ro-
tate the sideband selector switch to LSB. The fre-
quency obtained should still be zero beat. If it is not,
set the sideband trimmer (C-16) for zero beat. As the
sideband selector switch is rotated from LSB to USB,
there should be no change of frequency. There is a
small interaction of this adjustment with the VFO
alignment. The VFO alignment should be readjusted
if any error is introduced.

5.11 TEMPERATURE COMPENSATING
ADJUSTMENT:

During alignment of the NCX-5, its VFO should
be checked. If drift is excessive, the temperature com-
pensating capacitor should be adjusted to provide
greater or less compensation. Drift towards a lower
dial reading on 80 meters indicates excessive tempera-
ture compensation and the compensating trimmer
(C-18) should be turned to reduce capacity. A drift
toward a higher dial reading indicates insufficient
compensasiam zadl s e sdoulil be varred Far
smemt of dne ecmpensaring
2\ fr wy. Complete

Yein- -

cedure is zarefully fallowed, the-éiat caliprauor: shoulc
been mads, the dial calibratien should be checked and
the alignment of the preceding sectiens should be re-
peated if necessary. Disconnect the signai generator
leads irom the NCX-5.

5.12 TRANSMI™ MIXER ANI: DRIVEE
ALIGNMENT:

Connect the high-frequency oscilloscope to the
junction of C-46, R-42, and the grids of the 6GJ5
final amplifier. Set the BAND switch to 3.5 Mc and
the FUNCTION switcn tc TUNE. The relay should
again drop out, indicating that the unit has been
placed in a transmit condition. Set the main :uning
dial to 3.750 Mc and the EXCITER control to 3. Ac-
just the 8C meter mixer coil (L-1C) and the 8C meter
driver coil (L-5) slugs for maximum indication on the
oscilloscope. When the slugs are properly adjusted, the
peak-to-peak output voltage on the oscilloscope shoulc
excesd 130 volts.

Set the BAND switch to 7.0 Mc and the EX-
CITER TUNE control to 6. Repeat the above pro-
cedure at 7.300 Mc while adjusting the 40 meter
mixer coil (L-9) and the 40 meter driver coil (L-4).
An output of more taan 130 volts peak-to-peak must
be indicated on the oscilioscope.

.. mMIYEEe

prmniinhe  NGX-=4 consinuction: ~does -not provias far

not be seriously affected. I” & major correction nas *- -

At this point a ripple will appear on the oscillo-

scope pattern. Adjust the harmonic trap (L-29) to

minimize this ripple. After this adjustment is made,
there will be some interaction with the tuning of the
40 meter mixer coil (L-9) which must be readjusted
for maximum amplitude. Repeat these adjustments
until minimum ripple and maximum amplitude are
obtained simultaneously. The setting of the harmonic
trap may be checked by removing the 11 Mc crystal
in the high-frequency oscillator circuit. When the
crystal is removed, there should be a large drop in the
amplitude of the oscilloscope display. If there is no
such drop, the harmonic trap has been mistuned and
the slug should be withdrawn from the coil and the
above alignment procedure repeated on the proper
trap frequency.

Set the BAND switch to 14.0 Mc and the EX-
CITER TUNE control to 3. Repeat the above proce-
dure at 14.250 Mc while adjusting the 20 meter mixer
coil (L-8) and the 20 meter driver coil (L-3).

Set the BAND switch to 21.0 Mc and the EX-
CITER TUNE control to 7. Repeat the above proce-
dure at 21.250 Mc while adjusting the 15 meter mixer
coil (L-7) and the 15 meter driver coil (L-2).

- b oo BE5 Mic amid whe B
7. Repesrt the atdove gra
. adiusting the: 148 mevter
(M A0 andt shee IO metesodvivapieed (T -1

o I;INI‘.L--A'MPLIFIER. PRELIMINARY
ADJUSTMERT (10 METER: - - -

tion at the high and iow erds of all pands. In addition, .

it is necessary to make a'slight finai adjustment on ths. *
driver plate coiis and on the meuviraiizing capacitor. = -

These checks should be made in the following se-
quence: Connéct the heater wire between the 6JB6
sockets.” Place the FUNCTION switch in the CW
position and allow approximately 30 seconds for
warm-up of the final amplifier tubes. -

— CAUTION -

UP UNTIL THEIS TIME, THERE HAS BEEN
NGO POWER APPLIED TO THE FINAL AMPLI-
FIER. ALL CIRCUITS WHICH HAVE BEEN OP-
ERATING AND WHICH HAVE BEEN TESTED
ARE LOW LEVEL CIRCUITS USING VOLT-
AGES AND POWER NORMALLY ENCOUN-
TERED IN DAY-TO-DAY RECEIVER WORK.
FROM HERE ON, VOLTAGES AND CURRENTS
MAY BE ENCOUNTERED WHICH ARE
DANGEROUS TO PERSONNEL AND TO THE
TEST EQUIPMENT AND THE UNIT UNDER
TEST. IT IS ESSENTIAL TO BE SURE THAT
NO PIECE OF TEST EQUIPMENT BE MIS-
CONNECTED INTENTIONALLY OR ACCI-
DENTALLY TO THE NCX-5. IT IS FURTHER




IMPORTANT THAT PERSONNEL BE CAU-
TIONED AGAINST CARELESS HANDLING
WHICH MAY RESULT IN CONTACT WITH
DANGEROUS VOLTAGES. IT IS FURTHER
IMPORTANT THAT THE NCX-5 NOT BE
PLACED INTO A TRANSMITTING CON-
DITION WITHOUT PROPER TUNING, SINCE
DAMAGE MAY RAPIDLY RESULT TO THE
NCX-5. IN A NUMBER OF THE FOLLOWING
TESTS THE TRANSMITTER WILL BE OP-
ERATED AT FULL POWER OUTPUT. IF MIS-
INDICATIONS ARE OBTAINED, OR IF THE
TEST IS NOT COMPLETED WITHIN A
PERIOD OF 15 SECONDS, OR IF THE UNIT
IS NOT TUNED UP WITHIN A PERIOD OF 15
SECONDS, IT IS IMPORTANT THAT THE
UNIT BE RETURNED TO A RECEIVING CON-
DITION. OTHERWISE, SERIOUS AND PER-
MANENT DAMAGE CAN BE DONE TO THE
FINAL AMPLIFIER TUBES AND COMPO-
NENTS IN THE FINAL OUTPUT CIRCUIT.

Disconnect all test equipment from the NCX-5.
Attach the 50 ohm dummy load with calibrated out-
put meter to the NCX-5 antenna terminals. With a
D.C. voltmeter, set the bias at the grid of the final
amplifier for maximum negative voltage. With the
BAND switch still on the 28.5 Mc band, set the main
tuning dial to 28.75 Mc. Now turn the FUNCTION
switch to TUNE and rapidly peak the EXCITER
TUNE for maximum meter reading on the combina-
tion S-meter and cathode current meter. Adjust the
10 meter driver plate coil (L-1) for maximum meter
reading while slowly rocking the EXCITER TUNE
control. This will correct for the presence of the
oscilloscope probe in the previous setting. Now rotate
the PA TUNE control and observe whether a dip oc-
curs in the plate current reading.

Note the power output recorded by the power
output meter. This power output should exceed 100
watts at all frequencies providing the PA LOAD
control is adjusted so that the final amplifier draws
300 ma. With the PA TUNE control set for a plate
current dip, the PA LOAD control is slowly rotated
in a clockwise direction. As the PA LOAD control is
advanced, it will be necessary to slightly retune the
PA TUNE control to stay in the dip. Continue this
process until the minimum reading in the dip corre-
sponds to 300 ma on the meter.

5.14 NEUTRALIZING CAPACITOR:

With the FUNCTION switch in the TUNE
position, rotate the PA TUNE control to either side
of the resonant point and observe the plate current
meter, It is necessary that the off resonance current
exceed 350 ma. Having noted the off resonance plate
current, retune the PA TUNE control to the plate
current dip at 300 ma and observe the power output.
It should exceed 100 watts. Carefully rotate the PA
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TUNE control to either side of the dip and observe
whether the power outputrises or falls. With a proper
setting of the neutralizing capacitor, the power output
should fall to either side of the dip. If the power out-
put actually rises as the tuning control is tuned -away
frem the dip, it will be necessary to adjust the neutral-
izing -capacitor. This can be quickly done on:a trial
and error-basis by rotating the neutralizing capacitor
and observing whether maximum power output oc-
curs at the plate current dip. As proper neutralization
is achieved, maximum power output will occur at
minimum plate current. Return the FUNCTION
switch to CW.

5.15 FINAL AMPLIFIER PRELIMINARY
ADJUSTMENT . (80-15 METERS):

Set the BAND switch to 21 Mc and the main
tuning dial to 21.250 Mec. Turn the FUNCTION
switch to TUNE and rapidly peak the EXCITER
TUNE for maximum meter reading. Adjust the 15
meter driver plate coil (L-2) for maximum meter
reading while slowly rocking the EXCITER TUNE
control. This will correct for the presence of the
oscilloscope probe in previous tests. Now rotate the
PA TUNE control and observe whether a dip ap-
pears in the reading. Advance the PA LOAD in a
clockwise direction and slightly retune the PA TUNE
control to stay in dip. Continue this process until the
minimum meter reading in the dip corresponds to
300 ma. The power output should exceed 100 watts
and proper neutralization should be observed.

Repeat this procedure at the following BAND
switch and tuning settings, in each case adjusting the
proper driver coil for maximum meter indication
while rocking the EXCITER TUNE control.

MAIN
BANDSWITCH TUNING DIAL DRIVER COIL
14 Mc 14.250 Mc L-3
7 Mc 7.250 Mc L4
3.5 Mc 3.750 Mc L-5

5.16 FINAL AMPLIFIER TUNING CHECKS:

The proper crystal should be inserted into the
NCX-5 high frequency oscillator for operation at
BAND switch settings of 28, 29, and 29.5 Mc. If
these crystals are not available, final amplifier tuning
checks in these BAND switch settings cannot be made.

Set the BAND switch to 28.0 Mc. Set the main
tuning dial to 28.250 Mc. Turn the FUNCTION
switch to TUNE and peak the EXCITER TUNE for
maximum meter reading. Rotate the PA TUNE con-
trol and observe whether a dip appears in the reading.
Advance the PA LLOAD control in a clockwise direc-
tion and retune the PA TUNE control to maintain
the output circuit in the dip. Continue this procedure
until the minimum reading in the dip corresponds
to 300 ma on the meter. Power output at this setting
should exceed 100 watts and proper neutralization
should be observed.



Repeat this check with BAND switch and main ma input as described in the previous sections. A
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Advance the MIC GAIN control to maximum beat note indicated by the accessory receiver should
and readjust the CARRIER INSERTION control for not change more than 50 cycles. Press the MOX-OFF
sharp cusps. The final amplifier should now be over- switch OFF.
driven and ALC voltage should result. The oscillo-
scope wave form should remain as shown in figure 6C. 5.21 LSB-USB SWITCHING CHECK:

Check the ALC output at the junction of D-9, R-34, . e . .

R-35, and C-48. There should be approximately —5 . Proper sideband switching may be easily checked
volts at this point. Check the ALC voltage at the with the D.C. voltmeter according to the chart below.
junction of D-8, D-9, and C-50. The voltage at this

point should be 1/2 of the previous reading. This 5.22 SWITCHING TESTS:

checks the action of the internal ALC circuit. The transmitter portion of the NCX-5 is presently

The rear ALC jack may now be checked by ap- connected to a dummy load with an oscilloscope. Tune
plying —10 to —15 volts at the ALC input jack. The the NCX-5 to resonance for maximum power output.
oscilloscope display amplitude should decrease, in- Balance the carrier. With these conditions established,
dicating external control. now check the entire switching sequence in the fol-

. lowing manner:

Press the MOX-OFF switch to OFF and set the
VOX-PTT switch to PTT. 1. Place the FUNCTION switch in SSB,

the PTT-VOX switch in the PTT position,

If all of the tests are met satlsfactorlly, we can and MOX-OFF switch OFF Press the push-

1C. Fe€SIVe

- 'M“M“i

7\IE %5 should go baelkto receive in-approxi:
mately 1710 of:asecond.

sw1tch to transmit;
NCX:5 should,,,,retum ‘tc recelve In- one

nd:~In each case, a-standard single-
ideband” signal. should ‘be observed on the:

TEST POINT USB
BAND . 07140 2100 280 3.577.0 14.0 210 28.0
1 =353 1500 —-35 +150 +150 +150 -35
2 | —80III0* Q¥ 0% —80 = 0* —-80 80 -8 0%
| 5 —80 Q¥ —80 0% 0% 0* _80
*SHOULD BE —40 WITH AM RECEIVE -CONDITION-ONLY
Test Point Location:
1. J7, Pin 3 (Calibrator Socket) 2. Junction of R-65 and C-153 3. Junction of R-61 and C-64
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oscilloscope while speaking into the micro-
phone.

Set the FUNCTION switch to AM and re-
peat the above tests for PTT, VOX, and
MOX operation.

5.23 TRANSCEIVE VERNIER:

Set the NCX-5 to 3.700 Mc. Tune the accessory
receiver to 9.72 Mc and lightly couple to the NCX-5
VFO. Observe that the beat note may be varied more
than =5 Kc with the TRANSCEIVE VERNIER.

Press the MOX-OFF switch to MOX. Observe that

P\')Sl ion:

ful._cws

i 'tondmon should no
celverswitching;.. oo

1ié “fnicroph
result in transm

Set-the-VOX:PTT switchute: PTT and presy.;

the PTT buttori. The -NCX-5 should. _not:::

switchi-intontransmit.

Press ther MOX-OFF _switch-'to MOX.

~ CAUTION —

IN "THE FOLLOWING -SERIES::OF TESTS;-
THERE. IS NO LOAD OM THE TRANSMITTER:

NCX-5 should switch..to transmit. Return
the MOX-OFF switch to: OFF.

Insert a key into the key jack. A tap-of the
key should place the NCX-5 into a transmit
condition. Upon release of the key, the unit
should revert to receive in 1/10 of a second

to one second, depending on the setting of
the VOX DELAY control.

Hold the key closed, speak into the micro-
phone and advance the MIC GAIN control.
There should be no evidence of modulation
on the oscilloscope.

Set the transmitting key for a long series of
dots. Adjust the CARRIER INSERTION
control for transmitter output just below full
power. Observe the series of keying pulses
on the high-frequency oscilloscope. A proper
keying pulse should appear as in figure 6G.
Figure 6H and 61 indicate improper keying
sequences.

Set the FUNCGTION switch to TUNE. Ob-
serve that full power output is attained on
the oscilloscope. Adjust the CARRIER IN-
SERTION control. There should be no
change in the output signal.

Speak into the microphone and advance the
MIC GAIN control. There should be no

evidence of modulation on the oscilloscope.

Return the FUNCTION switch to SSB.

The =
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OUTPUT. If¥THE UNIT SHOULD GO INTO
TRANSMIT UNDER-THIS CONDITION, SERI-
OUS DAMAGE CAN BE DONE TC THE FINAL
OUTPUT STAGE. ALSODURING THIS SERIES
OF TESTS, A SIGNAL GENERATOR WILL BE
CONNECTED TO THE ANTENNA TERMI-
NALS. SERIOUS DAMAGE CAN BE DONE TO
THIS SIGNAL GENERATOR IF THE UNIT IS
ACCIDENTALLY PLACED INTO TRANSMIT.

5.24 ANT}-VOX CHECK:

Connect the signal generator to the antenna
terminals through a suitable dummy load to match
the 50 ohm input impedance. Set the signal generator
for 4.0 Mc, the BAND switch to 3.5 Mc; and the main
tuning dlal to 4.0 Mc until a beat note is obtained at
a frequency of approximately 1000 cycles. Connect
the power output meter to the audio output termi-
nals by use of the phone jack. Set the AUDIO GAIN
control for approximately 1, watt. Measure the D.C.
voltage at the junction of D3, R103, R107, and C157.
A voltage of more than +10 volts should be in-
dicated at this test point.

5.25 VFO JACK:

Connect 100 ohms from the VFO jack to ground.
The beat note should disappear, indicating that the
VFO is not functioning. Feed an external signal into
the VFO jack between 9.52 and 10.02 Mc. It should
be possible to retune the beat note with the external
signal. Remove the external signal and the 100 ohm
resistor, The original beat note should reappear.

10.

11.

12.

13.

14.

15.

16.






NCX-5 WAVE FORMS
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SECTION 6

i Il - Y o
11

SOCKETS AND JACKS TRIMMERS (Cont)
| Ji Antenna A51479 C15 Air, Neutralization B50364
AR . 50

SIGE T Cezamicz1G-pE N7

ieramic 4TPE-N7SC_

R’F_GAI'N
_ CALSWITCH"
VOX"GAIN

RESISTORS:
LWL

ISZG
“B517436-

" o
—i o3I
==




COILS AND CHOKES (Cont) SHAFTS, COUPLINGS, DRIVE TRAIN (Cont)

L22 Choke 4.7 ph C50523-5 Coup-Link B25000
L24- _L25 Choke Parasxtlc B51545 Bushmg, Panel A50840-0

| ||
1LY

e rh 7401 M#EI
— 2iay=GPDT 8000 onms..
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SECTION 7
VOLTAGE AND RESISTANCE MEASUREMENTS

THE FOLLOWING DC VOLTAGE MEASUREMENTS ARE TAKEN WITH A VITVM WITH AN INPUT RESISTANCE

GREATER THAN 10 MEGOHMS. RECEIVE VOLTAGES ARE TAKEN AT MAXIMUM RF GAIN WITH NO SIGNAL
J NTOATTITIN

Jﬁ'ﬁ’f“r‘ AT
IflllﬂllrﬂlllIHTIHIIIIHH | |||||||ﬂ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||!!!!!!!!!!!!!!!llllllllllll|||||||||||||||||||H IFELLERAARRARRY ”H”l“

LT “l“”” WTIIIIIIIIIIIIIIIIIII: A 7 |
IIIITIJI!!E i s AR 0

o

li

W W
o T ey

. N : ' .
*AC=OFR DC:DEPENDING. ON=SUPPLY




VOLTAGE AND RESISTANCE MEASUREMENTS (Cont)

- |2 - i — N s R S
e — s R  r——te——rr—tan— ="
P BT —— | = o
SB,— 7—607}}513_; 0 USB, —60 LSB——~

fm— - ]

]
1 ! & i
- MICROPHONE |
! PREAMPLIFIER | 4 —
v-g | 6GHs AN == & —
: RELAY 6 100 & =
CONTROZ 5 o
(11111
1 8

oy = [t
i n =
- 9§ D PIEE ..
B 74 G 80 L 1 00 |||r||IIIII
0 - 2_1 800k
l 3o il 5 37 15k
oo a 4 a
12.6% ———— 12.6* " - VOX —
V-9 12AU7 . = —
35 4C 6 100k |
7
8

TRANSMIT

st
RECEIVEER
MIXER®

2yrr

t
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‘DETECTOR:
Valg=! 12AX77 © AND Tée=-

© AUDIG=:
AMPLIFIER:

non
T

AUDI@:-
AMPLIFIER#
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