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Figure 1.1 - Universal Crystal Controlled Signal Generator, Model 288X




TECHNICAL DATA SHEET

(One Complete Unit)
Nane Ty

e Stock No. Dimensions

Universal Crystal 288X, 277X, 18"x16"x7"
Controlled Signal 277

Generator

Instruction Book 2490-50

Meter Lead 12450-98 2"

TECHNICAL CHARACTERISTICS
Power Supply Required: 105-125 ¥, 50-70 cycles, a-c
Other voltages and frequencies are available on
request and at a slight additional cost
20 watts at 115 volts
Amplitude Modulated - Pure R-F Frequency Ranges:
2. A Band  100-300 ko
B Band 300-850 k¢
¢ Band 850-2200 ko
D Band 2.2-6.5 nc
E Band 6.5-20 mc
F Band 20-50 mc
6 Band  50-110 mc
requericy Modulated R-F Frequency Ranges:
Narrow Band (0-30 kc Sweep): 100 ke to 110 mc in 7 ranges
B. Wide Band (0-150-450 ko Sweep): | mc to 160 mc in 7 ranges
Hodulation:
3. Amplitude Modulation: 400 cycle
b, Frequency Modulation: 50 mc, 0-450 kc variable sweep, modulating
iKeqiRnCy; < 00 crcles
50 mc, 0-150 kc variable sweep, modulating
frequency - 400 cycles
1000 ke, 0-30 ke variable sweep, modulating
fresuency - 60 cycles
o External Modulation:  Freguency Modulation, variable 0-15,000 cycles
Anplitude Modulation, variable 0-15,000 cycles
A-F Range: Fixed at 400 cycles
Variable from 20-15,000 cycles
Crystal Controlled Output: - Models 288X, 277X
100 ke, Unmodulated: 100-15,000 ke (utilizing harmonics)
100 ke, %00 cycle Amplitude Modulated: 100-15,000 ke (utilizing
harmonics)
. 1000 ke, Unmodulated: 1000 ke-125 mc (utilizing harmonics)
1000 ke, 400 cycle Amplitude Modulated: 1000 kc-125 me (utilizing
harmoni cs)

Power Consumptio

=
5.




TECHNICAL DATA SHEET

TECHNICAL CHARACTERISTICS (Concluded
8. Output: R-F - continuously variable from 0 to maximum (with mult-
ipliers XI,X10 and X100)
A-F - continuously variable from 0 to maximum, |insar
control, for both 400 cycle and variazble outputs

Synchronized Sweep Voltage: For horizontal de-
flection of oscillograph (60 cycle)

9. DB Meter Range: -10 to +6, +6 to +22, +22 to +38, Model 288X only.
10. Tube Complement:
TUBE STOCK NO. FUNCTION

Vi oecH 20876-62  Maln variable r-f oscillator

V2 6SK76T 20875-19  Crystal oscillator and cathode follower

V3 6SN76T 20875-19  Frequency modulated oscillator and mixer

Ve 68476T 20875-17  Negative resistance oscillator, 400 cycle,

fixed, and 0-15 ke, variable, a-f
V5 6X56T 20875-22  Full-wave rectifier
V6 6567 20875-63  Reactance control tube
40 12270-5 Pilot lamp

vi




GUARANTEE

HICKOK TESTING EQUIPMENT 1S GUARANTEED AGAINST
INACCURACY OR DEFECT IN MATERIAL OR NORKMANSHIP
FOR A PERIOD OF 90 DAYS AFTER DATE. OF SHIPMENT, ...
FRON OUR FACTORY.  ADJUSTMENT UNDER TERMS OF
THIS GUARANTEE NILL BE MADE BY THE FACTORY OR
OUR REPAIR STATION WITHOUT CHARGE.  THIS GUAR-
ANTEE DOES NOT COVER TRANSPORTATION CHARGES TO
OR FROM OUR FACTORY OR REPAIR STATIONS.

RETURNING EQUIPMENT FOR REPAIR

Before returning any equipment for service, under warranty or otherwise,
the factory must first be contacted giving the nature of the trouble. Instruc—
tions will then be given for either correcting the trouble or returning the
equipment. Address all service inquiries to The Hickok Electrical Instrument
Company, 10514 Dupont Avenue, Cleveland 8, Ohio.

REGI STRATION CARD

The above guarantee is contingent upon the attached registration card being
returned to the factory immediately upon receipt of the equipment.
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UNIVERSAL CRYSTAL CONTROLLED SIGNAL GENERATOR MODEL 277X



SECTION | DESCRIPTION

1.1 GENERAL

The Universal Crystal Controlled
Signal Generator is manufactured as fol-
Lows:

1. Model 268X with crystal con-
trol and decibel meter.

Model 277X with crystal con-
oL ) ko oo decibel meter.

3. Model 277 with neither crys-
tal control nor decibel meter. The crys—
tal can be easily installed later, how-
ever,as these units are completely wired
for erystal operation.

u; de Sktalaatrustion hosk e ol
ten for the with both the crystal
Soni s meter, 1t may be used
for all of the units.

1.2 PURPOSE

Universal Crystal Controlled

of the radio engineer and service man
working with frequency and amplitude
modulated receivers and with television
equipnent. The wide range in radio-fre-
quencies and sudio-frequemcies avail-
able, with the many choices of type of
modulation makes these models most ver—
satile and practical instruments. There
are minor differences inthe models but,
in general, they may be used for the
same purposes.

1.3 BRIEF DESCRIPTION

8. Physical

The Model 288X,with dectbel meter
and crystal, 1is illustrated in Figure
1.1. The Model 277X is shown on Page
Vviii, the difference in appearance due
to the omission of the decibel meter
from the panel. The Model 277 1s simi-
lar in appearance to the Model 277X.
The panel 1s satin-smooth finished and
the case has blue hammertex finish with
louvres 1in the back for cooling and &
hendle at the top for carrying. Four

blister feet are furnished on both the
bottom and the back so that the instru-
ment may be conveniently used in either
a horizontal or vertical position. All
panel controls scales and connectors are
clearly marked.

Functional

The Models 285X, 277X and 277 will
perform the following electrical func-
tions (which will be modified by the
omission of the crystal or meter):

1. Produce frequency modulated
signal - variable with respect to band-
width, frequency and output level - for
testing and alignment of freguency mo—
dulated receivers, amplitude moduluted
receivers and television equipment.

2. Produce amplitude modulated
signal - variable with respect to fre-
quency and output level - for testing
and alignuent of amplitude modulated
receivers and other electronic devices
requiring a wide range in amplitude mo-
dulated signal

3. Produce an audio frequency sig-
nal - variable with respect to frequency
and output level - for testing audio
amplifiers and speakers.

Produce an accurate erystal
contriated signal of 100 ke or 1000 ke
- amplitude modulated or unmodulated.
¥hen the harmonics are utilized it is
espectally adaptable for easily check-
ing dial calibration of the receivers.
(Models 288X and 277X only).

5. Indicate and measure voltage
and power outputs by means of the self-
incorporated decibel meter. (Model 288X
only).

©. Hlectrical

The basic eircuit of a Model 288X is
shown in block diagram form in Figure
1.2. The circuit will be explained more
fully in Section IT, Theory.
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4. Components

The output leadand a-c pover line
are permanently attached to the signal
generator. A red, unshielded lead, 42*
long, with sn alligator clip on one end
and a pin tip on the other is furnished
This lead s
shown in Figure 1.8,

SECTION

2.0 GENERAL
A thorough understanding of the the-
ory of the operation of any instrument
wi11 ensble the user to obtain greater
utility and satisfaction from the in-
strument. For this reason the following
brief explanation of the Hickok Signal
GsneramrA. Models 268X, 277X and 277 is
ven. e discussion of the decibel

the three models are electrically iden-
tical

2.2 POWER SUPPLY

The power supply shown in Figure 2.1,
1s the conventional type power supply
operating, normally, from a 106-125 V,
80 cycle a-c power supply line. The pri-
mary of power transformer, T2,as shown,
1s wired in parallel,for 115 volt oper-
ation but, if desired, it may be wired

1s bypassed to ground through €33 and C34
which serve as a filter for the radio
frequency to prevent {ts leakage back
through the power supply main. The high
voltage serondary winding is center-tap—
ped to ground and supplies approximate—
1y +175 volts from eachside

ing to ground. A 6.3 Volt winding, one
Side of which is at ground,supplies the
heater voltage for all tubes. The rec-
tifier tube,V5,type GKSGT, and the fil-
ter network are conventional and supply
approximately 150 volts d-¢ at approxi-
mately 35 mil

Eile i
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Figure |.3 - Test Lead

THEORY

Figure 2.1 - Power Supply

2.3 RF MAIN VARIABLE OSCILLATOR

The main variable oscillator, shown

cuit with tuning accomplished by means

triumer condensers €7 - Ci2, and also

3




permeability tuned for inductance by
means of powdered iron core tuning slugs,
The output of the oscillator is taken
through capacitor C17to the grid of the
cathode follower, V2.

TO MODULATOR
V3-8t
0 GRID OF

CATHODE
LLOWER

V-2

c7-cr
3-12
2-L
BAND A-G

Figure 2.2 - RF M
Variabl
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2.4 CATHODE FOLLOWER

purpose of a cathode follower,

nected with a relatively low impedance

condenser €17, the grid of the cathode
follower tube, V2, type 6SN7, and grid
resistor R13, which presents a high im-
pedance to the oscillator and, there-

c
TO PLATE

il
&eitaor
&ca

Figure 2.3 - Cathode Follower

fore, prevents loading from a capacitive
or resistive stand-point. The output
of the cathode follower, taken through
capacitor €23, is at essentlally the same
voltage as that applied to the grid,
however, 1t 1s delivered at a very low
impedance. This has the advantage that
the output voltage can be made almost
independent of the load to which it is
connected.

2.5 400 MODULATOR - BEAT FREQUENCY
0SCILLATOR

4s shown in Figure 2.4, the type 6SJ7
tube, V4, is used in a ne

cycle audio freguency by means of capac—
1tor C38. Inductance 19 is tuned to 160
ke r-f by means of capacitor C14. When
used as a 400 cycle audio frequency os-
cillator, the output of this oscillator
1s used to modulate either the main va-
riable oscillator at 400 cycles, at ap-
proximately 30% modulation, or it may be
used to modulate the wide band freguency
modulated oscillator, bandwidth variable
0-150 ke. When used as aradio frequency
osclillator, at 160 ke, the output of this
oscillator is heterodyned in the GSNT
mixer, V3, circult with the main vari-

r-f oscillator so that the mixed output
will be a varisble audio freguency from
0-15 kilocyeles.

Figure 2.4 - 400~Modulator -
Beat Frequency Oscillator




2.6 FM OSCILLATOR - MIXER

An 11lustration of the generation
of frequency modulation 1s shown in Fig-
ure 2.5. The main characteristic of a
frequency modulated signal 1is that the
frequency 1s constantly changing while
the output voltage remains constant.

the fundamental frequency, completing
the cycle. The maximun and minimun fre-
quencies are determined by the bandwidth
f-m oscillator. In the 1llus-
trated case, the bandwidth 1s 16 ke
either side of the fundamental 1000 ke.
In the Universal Crystal Controlled Sig-
nal Generators the bandwidth may be
either 0-30 ke, 0-150 ke or 0-450 ke.
At maihE el catite
may also be variable. hese models
T tate 18 sather o0 of 400 eycles.

s R et

Figure 2.5 - Frequency Modulation

b As shown in Figure 2.6, one half
of ‘the type 6SN7 tube, V3, is used as a
triode r-f oseillator Lo uperate at
elther 1 mc, when utilizing inductance
110, or at 50 ne, when utilizing induc-
tance L11. Either of these signals may
be frequency modulated by means of the
type 6§07 reactance tube, V6. The GSOT
cireutt 1s the electronic equivalent of
the mechanically operated variable capa-

citor of the circuit given inFigure 2,5.
The control of the band width of frequen-
ey modulation 1is the potentiometer R26.
In the case of the narrow band f-m os—
cillator (1 mc), the sweep may be varied
£rom 0-30 ke, utilizing 60 cycle modu-
lating frequency. When using the wide
band f-m oscillator (50 mc) the sweep

g
2
§
?
g
g
£
5
®

ing 300 cyele modulation.
tor can also be externally modulated.
The remaining section of the 6SN7,V3 is

variable oscillator, V1, 6Cd, thereby
resulting in a variable frequency mod:
lated output covering & range between
100 ke to 160 me.

£ OSLLATOR MkER

"

Figure 2.6 FM Oscillator - Mixer
2.7 CRYSTAL OSCILLATOR
A dual frequency crystal oscillator

is incorporated, utilizing one-half of
e 6SN7 tube, V2, as shown in Figure

V2 o
V2 6SNT >
£ g
£
S
3
8
<
e

= 1

—— wien
-3 V3

Figure 2.7 - Crystal Oscillator



2.7, to provide output frequencies of

elther 100 ke or 1000 ke. The orystal
1s maintained in the gid circuft at all
times with B+ voltage from tie modulator
tube,V3, fed in at either the 100 ke or
1000 ko position of Li.The crystal con-
trolled output voltageis fed to the OUT-
PUT MULTIPLIER network.

2.8 OUTPUT MULTIPLIER

Jomiis ieure 25 tcte itk
nulnpher circuit of the Model 288X c

Slele oF > g eeiiony
switch and associated components, in-
cluding the potentiometer control, Rd,
OUTPUT. 1In the 400 cycle A-F position,
the output from the secondary winding
of the audio frequency transformer, T1,
1s fed directly to the OUTPUT control
and then to the output cable. The 0-15
KC AF FM position connects the output

€16 o-5KC
AF-FM

10 PLATE V3
o

= ToutPUT =

Figure 2.8 - Output Multiplier

SECTION 111

3.1 CONTROLS AND THEIR FUNCTIONS

a. The location of the controls of
the Model 288X is shown in Figure 3.1
and a brief explanation of their func-
tion is given in subsequent paragraphs
6

from the plate of the mixer tube, V3, to
the OUTPUT control directly, and then to
the output cable. 1In positions RF X1,
X10 and X100, the output is attenuat
by means of an attemiator metwork before
appearing at the output cable

2.9 DECIBEL METER

The decibel meter, shown in Figure
2.9, consists of a conventional copper
oxide rectifier meter and its associated

from 0 to

(6aw)
across a 500 ohm teraination,
age resdings and db readings correspond
only when the meter is connected across
a 500 ohn termination. There is a block-

cycles.

RECTIFIER

P =

Figure 2.9 - Decibel Meter

OPERATION

to facilitate their use in obtaining the
desired output.

b. FREQUENCY MODULATED SWEEP - a dusl
purpose control which is used s the a-c
1line power switch and also as a control




of the bandwidth of the sweep for fre-
quency modulated output. To place the

control, has no effect on the operation
of the eguipaent.

c. BAND SELECTOR - A ten-position
control: the first seven position, Bands
& through 0, select various freguency

or 1000KC crystal frequency and the last
position selects the 0-15 KC audio fre-
quency.

UENCY ADJUSTMENT - Control of
the frequency within the range selected
by the BAND SELECTOR switch. Calibretion
of the dial permits interpolation of the
scale if destred.

QUTPUT CONTROL - Linear potenti-
ometer control of the r-fand a-f output
voltage of the signal generator.

£. OUTPUT MULTIPLIER- A f1
t1on control of the output of the signal
generator. Positions RF X1, RF X10 and
RF X100 are the three output levels of
r-f signal. Position 0-15 KCAFF, in
conjunction with the

modulated outputs. Position
lects the 400 cycle, fired, audio fre-
quency output as an audio signal or for
amplitude modulation.

& FM-AM SELECTOR - A three posi-
t16n control:

AMPLITUDE MODULATED for all
outputs other then frequency modulated
outputs.

2. 1000 KC 30 KC SWEEP for the
1000 K signal frequency modulated with
» bandwidth of 0-30 ke.

8. 60 MC 450 KC SNERP for the 50
me signal frequency modulated with &
bandwidth of either 0-150 ke or 0-450 ke.

OUTPUT SELECTOR - A five-position
A selecting the various types of
outputs.

1. OFF EXT for unmodulated radio
frequency ouqm or either freguency or
amplitude modulation from an external
source.

2. 400~ AMP for 400 cycle ampli-
ke bt oo S ayele, eixed,
audio frequency signal.

400~ FREQ for 400 cycle mod-
ulati, ,.5 frequency used for frequency
modulating the 80 mo, 0-150 ke sweep out-
put.

4. 60~ for 80 cycle modulat-
ing frequency used for frequency mod-
ulating either the 1000 ke, 0-30 ke sweep,
or 50 me, 0-450 ke sweep, output.

KC AF for an audio fr
quency variable 0-15 ke.

1. VARIABLE AUDIO FREQUENCY -a cal
brated veriable control of the audio
frequency output from 0 to 15 kiloeycle

- SINCHRONIZED SWEEP VOLTAGE (Gnd-

0 cycle voltage from the
power supply for supplying the horizon-
tal sweep of an oscillograph.

k: ‘EXTERNAL MODULATION (Amp-Freq) -
AMP: connection permitting
ulation from an external sourc
connection permitting frequency modula-
tion from an externel source.

1. PILOT - Indication of power being
supplied the signal generator.

m. OUTPUT - Attached shielded output
cable for the output signal

. DECIBEL METER (-10 to 48, +6 to
+25," 422 to 438) ~pin Jacks for conneo-
tion to the combination a—c voltmeter and
docibel meter at one of the three ranges
available.

ROUND - Binding post for connec-
g e ground of the signal generator

7
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SIGNAL OUTPUT
*See Note U FREQ MOD SWEEP [OUTPUT SELECTOR | BAND SEL
1. Unmodulated RF 100 KC - 110 NC | Power ON OFF EXT Desired
b quency
2. Amplitude Modulated RF
100 KC - 110 MC
2 400~ , Fixed Power ON 200~ AMP Desired
quency
b, Externally Modulated Power ON OFF EXT Destred
queney
3. Frequency Modulated RF
100 KC - 110 M
1 2. 1000 KC, 0-30 KC Sweep Power ON, 0-30 60 ~ FREQ Desired
quency
2 See NOT
1. 50 MC, 0-150 KC Sweep Power 0N, 0-150 400~ FREQ Desired
quency
See NOT
. 50 MC, 0-450 KC Sweep Power ON, 0-450 60~ FREQ Desired
: quency
See NOT
4. o0 e, xx:ernuly Modulated | Power ON OFF EXT Desired
i o 0-15 KC Sweep quency
See NOT,
4. Audio Freguency, 0-15 KC Power ON 0-15 KC AF 0-15 KC
Audio Frequency, 400~ , Fixed | Power oK 400~ ANP Any pos.
Frequency Modulated AF Power ON, 15 60~ FREQ c
0-30 KC Sweep
i 7.  Crystal Controlled Frequency
2. 100 KC. Unmodulated Power ON OFF EXT 100 |
: 100 KC, Modulated Power ON 00~ MNP 100 |
& 1000 KC, Unmodulated Power ON OFF EXT 1000
‘ 1000 KC, Modulated Power ON 400~ AP 1000
NOTE 1: This frequency will be NOTE 2: This frequeney will be

the frequency which is either the
sum or diffsrence of 1000 ke and
the desired frequency. I.e.,for
456 ke, 1-f alignment, this fre-
quency 1s either 1456 ke or bd4 ke.

the frequency which is either th
sum or difference of 50 mc and
the desired frequency. I.e.,for
3 mc 1-f alignment, this frequen
©y 18 either 47 mc or 53 me.



VARIABLE
FREQUENCY OUTPUT OUTPUT AUDIO
ND SELECTOR ADJUSTMENT CONTROL MULTIPLIER FM-AM SELECTOR FREQUENCY]
esired fre- Desired Desired RF mult- | aMPLITUDE
uency range frequency 1plytng factor MODULATED
esired fre— Desired [Desired RF mult- | AMPLITUDE
sency range frequency iplying factor MODULATED
asired fre- Desired 0+15 KC AF i | AMPLITUDE s 8
sency range frequency MODULATED 3%
2ud
pr--
§33
3 58
esired fre- Desired fre- 2 0-15 KC AF FX 1000 KC @5
cy range. quency. See = 30 KC SWEEP 85
NOTE 1 NOTE 1 5 K]
asired fre- Desired fre- & 0-15 KC AF FM 50 NC s g
uency range. quency. See H 450 KC SWEEP §% e
ee NOTE 2 NOTE 2 - b
esired fre- Desired fre- i 0-15 KC AF R 50 MC B3¢
sency range. quency. See ] 450 KC SWEEP &0 8
e NOTE 2 NOTE 2 1 S
esired fre- Desired fre- 2 0-15 KC AF i 50 MC %5
ioncy range. | auency. See - woxc o | 557
NOTE 2 s s8g
—— b Sos
-15 KC AF See NOTE 3 3 0-15 KC AF FM AMPLITUDE M S
& MODULATED 2828
8 zo%
ny posttion Any posttion 400~/AF AMPLITUDE IS
W MODULATED 252
z Egtq
o 985 or 1015 ke 2 [omrearn 1000 K€ s§:t
30-KC SWEEP 8z8%
100 KC Any Position [Pesired RF mult- | AMPLITUDE
liplying factor MODULATED
00 KC Any Position [Pesired RF mult- | AMPLITUDE
. |lying factor MODULATED
1000 K¢ Any Position [besired RF mult- | AMPLITUDE
‘ liplying factor MODULATED
2000 KC Any Position esired RF mult- | AMPLITUDE
‘ plying factor MODULATED
11 be NOTE 3: This will be at NOTE 4: For connections
'her the approximately 170 ke, A Band. of the Decibel Meter for
and Adjustment should be made so e Hea e
7. zero beat 1is obtained with 7 yp":':ﬁ Btgses; Chare
L,.,qm_ the VARIABLE AUDIO FREQUENCY PR L
- control at 0 position.




to that of my associated equipment; &lso
1s the ground connection for the DECIBEL
METER.

3.2 OPERATION CHART

& The operation chart indicates the
proper setting for each control in order
to obtain a given output. The sequence
of operation is from left to right.

b. The generator normally operates
from a 105-125 volt, 60 cycle, a-c power

frenuently throughout the day.
CAUTION

Do not connect the output of the signal
generator across any source of appreci-
able voltage, either a-c or d-c. The
internal resistance of the output met-

generator across a source of a~
voltage, a series condenser should be
connected between the red output clip
and the point at which the output volt-
age 1s being applied.

Conver

3.3 DECIBEL METER

ALWAYS start with the decibel meter con-
nected at the highest range if the dec-
ibel level or the voltage to be measured
is not known as this will minimize the
possibility of demaging the meter due
%o overload.

8. Connect from the pin jack of the

the ground of the meter circuit.

b. Read the dectbel level from the
upper scale or the a-c voltage from the
lower scale of the meter. & St
chart, which evaluates the decibel or

tion, use the correction factor chart
given in Figure 3.3.

Figure 3.3- correcuun Factor lnr onm
n 500 Ohn Ters

The decibel or voltage value may
be easily converted to a power reading
by simply locating the known value on

meter is calibrated in terms of a match-

© 3.3, will enable the user
to determine this factor in terms of db.



APPLICATION

SECTION IV

4.1 GENERAL

In general, all of the models may be
used for the same purpose. Should the
Model 277X be purchased,a voltmeter may
be used, in many cases, to replace the
decibel meter. As the applications in-
dicated here are general in nature, the
specifications of the manufacturer should
be consulted in making all tests. A
basic circuit diagram of the seven tube
auplitude modulated superheterodyne re-
cetver which 1s referred to throughout
the following discussions is shown in
Figure 4.1. Frequency modulated receiv-
er circuits have, in addition he
stages shown, limiter and diseriminator
(2nd detector) stages. (Frequency mo-
dulation is discussed in detail in Sec—
tion II, Theory, Paragraph 2.6).

4.2 ALIGNMENT OF RADIO RECEIVERS
(Broadcast Band)

& L-F Aligament

1. Some intermediste freguency
stages are tuned by means of trimmer con-
densers and others by means of variable
powdered-iron core inductors. The ob-
Ject in i-f alignment 15 toadjust either
until the maximm output is obtained as
1ndicated by the mue.mng means used.
This indicating

iba voimee
a-c voltmeter, or oscilloscope in the
case of auplitude modulated receivers
but an oseilloscope should be used in
the case of frequency modulated receiv-
ers.

1<

Figure 4.l - Basic Circuit,
Superheterodyne Receiver

12



Feed the output of the signal
tuned to the proper i-f fre

2.
generator,
quency (determined from manufacturer's

Specifications), in accordance
1. In most

with Chart
cases, & blocking condenser
should be connected between the output
lead of the signal generator and the re-

to the control grid as this could cause
misalignment.

Using the output indicator and
e e b page 15,
adjust the triumer condensers or
{55 doves o she dHtiekste tot trant
alignment.

To prevent the possibility
of automatic volume control action in-
terferring with correct alignment, use
the lowest possible signal level which
UL SIs os icactors Binaarit ol
the meter. Wnen making an alignment of
B et e prertitin o T
1ng the

the lowend by means of a padder condenser
or variable iron core of the oscillator
tank cotl. The high frequency end of the
band 1s always tracked by means of &
triamer condenser generally connected
directly across the oscillator coil or
the tuning condenser.

Alighment of the oscillator
should be started at the low frequency
end of the band if provisions are made
for tracking at that end.

Set the signal generator to
produce the desired frequency and tune
the receiver to the sam

ting medium i indicated in Chart 1. Make
adjustment of the padder condenser or
the iron core until correct alignment is
obtained.

RE Alignuent

Most receivers, except those

freauency stages, ey selectivity
control to the maximum position before
making alignment.

b. Oscillator Aligrment.

A11 superheterodyne type

Faseivataiiere oot T
operates, in most cases, at a frequency
Which 1s the sum of the receiver inter-
mediate frequency and the frequency for
which the receiver is tuned. In ultr:
short wave recelvers, however,
cillator may operate at a frequency which
1s the difference of the two frequencies.

mediate frequency of the receiver.

2. Many oscillators, especially
those in the more elaborate receivers,

The oscillator is generally tracked at

of the type, have no pro-
visions for tracking the r-f stages at
the low frequency end of the dial and,
therefore, alignment of the r-f stages
are made only at the high frequency end
of the dial. In the case of broadcast
receivers, this 1s in the vicinity of

0 ke. Alighment of r-f stages may
be made with the signal either variable
r-f or a harmonic of the crystal con-
trolled oscillator. The general pro-
cedure 1s as follows:

(@) Set the signal generator
to produce the frequency at the upper
end of the band, spproximately 1500 ke
for broadcast receivers.

(b) Tune the receiver to this
frequency.

(c) Connect the indicating means
= sbom in Ghart 1 then sdfust e tri
ner condensers s for
AR e R



10 15T
|DET. GRID

R
ANTENNA

R+ 240, oETECTOR LOAD

O

MODEL 288 X
SIGNAL GENERATOR
SYNCH.
ouTRUT VOLTAGE

IHHOZ

Figure 4.2 - Interconnections for Alignment

|
imaaracmalamc iy
E R SN

e s

Fis a1 648 7649 16,410

Figure 4.4 - Correct Alignment, Any Stage

Figure 4.5 - Correct Alignnent, Any Stage, Tuned Below Proper Frequency

Figure 4.6 - Correct Alignment, Any Stage, Tuned Above Proper Frequency

Figure 4.7 - Discriminator Transformer, Correct Alignment

Figure U.8 - 4.9 - Discriminator Transformer, C2, Improperly Adjusted,

A-Eg B=Fpg

Figure 4.10 - Discriminator Transformer, Secondary Correctly Aligned,

Primary incorrectly Aligned




ALISKMEXT CKART FOR BROADCAST RECEIVERS (Chart 1)

The following chart summarizes the aligment offected, the sigmals required, the in-
dlcating meaiun reguired, the points of comnection for both, and the alignment ad—
Justaent necessary for the aligmment of the stages of both amplitude and frequency
modulated receivers. In conjunction With this chart, reference 1s made to the text
for greater detail on the aligmment to be made and to Figure 4.2 which shows the in-
terconnections of the oscillograph, signal generator and the receiver. Allpoints
given are with reference to the basic circuit of the superheterodyne receiver, illus-
trated in Figure 4.1, and the discrininator circult illustrated in Figure 4.3. The
oscillograns which will be obtained when making allgnment bymeans of the oscilloscope
are shown in Figure 4.4 - 4.10,

Stage| greq, | Signal [Connect Signal [ Type Align
AN Typ Generator | Indicator| Indicator
A-M Receivers
1F | I-F Unmod [ 1st det. Grid | VI W |2nd det. Toad | I-F
1-P| I-F | Ay 400 [1st det, Grid |Db Meter | A-F stage I-f transformers
I-F| I-F [Py 30 ke [1st det. Grid | Scope [2nd det. load | I-f trimmer, see
sweep Figures 4.4, 4.5
08¢ | 550 ke | Unmod Ant. VE W [2nd det. load Ose padder
05C 1500 ke | Unmod Ant, VI W |20 det. load Osc trimmer
0Sc | 550 ke | A= 400 Ant. Db Meter| A.F stage Osc padder
050 1500 ke | A- 400 Ant. Db Meter| A.F stage Ose trimer
05C | 550 ke [F-u 80 ke Ant. Scope |2nd det. load | Osc padder, see
sweep Figures 4.4, 4.6
0sC 1500 ke | F-i 30 ke Ant. Scope |2nd det. load | Osc trimmer, see
sweep Figures 4.4, 4.6
RE [1500 ke | Unmod Ant. VI W |2nd det. load | B-F Trimmers
RF [1500 ke | A-i 400 Ant. Db Meter| A-F stage B-F Trimmers
RF 1500 ke [F-% 90 ke Ant. Scope |2nd det. load | Trimmers, see
sweep Figures 4.4, 4.6
F=M_Recelver
T-F | I-F | F( 450 ke |15t det. Grid | Scope [mAmiter T, see Figare 4.4
sweep esistor, R1
Dise-| I-F | FM 450 ke | 1st det. Grid | Scope [Disc load res- [ Disc pri-see
Pre sweep e et TR
Dise-| I-F | E-i 450 ke | 1st det. Grid | Scope c - see
sec | I-F Sweep Figires 47 = 4,10
0SC [ 90 me |E-u 450 ke Ant. Scope 0sc trimes to center
sweep istor, R1-R3 | pattern, Fig. 4.7
05 106 nc | -4 430 ko Ant. Boopei | Discrlard mon sl ediciinos Fig. 4.7




4. [dmiter and Discriminator Align-
ment.

. Infrequency modulated receiwrs
there in at Tosst
limiter stages
s e
it St T taa et
of fraguency motalated receivers i sia-

that for the alignaent of ampli-
$udn nedilated roceiysrs exesst iuty ta
piEAT e iot st B Y

either a sensitive mi-
Ceamires, prefesshly siec-cintarnt, s
vacuun tube voltmoter, such as the Rickok
Models 125, 200 or 110D, or Gathode ray
equipment such as the Hickok Model 908,

Flgure 4.3 - Discriminator Circult

Figure 4.3 illustrates & typ-

of alignment of the preceding stages.
The alignment procedure will be identi-
cal to that for emplitude modulated re-
cetver:

3. To align the limiter (last i-r)
stage, i e e veonm e it
motor or microsmmetor connected as for
aligning preceding 1-f stages, and ad-
ust €7 until a mextmum reading is in-
dicated by the meter.

align the primary of the
discrininator transformer, connect the

and adjust C1, for maxisus indivation
of the meter.

1

5. To allgn the secondary of the
discriminator transformer, connect the
vacuum tube voltmeter across the entire
load resistance, R2 and K3, or the mi-
gxtiimelar i seriie Wit in ot aad
adjust C2. As C2 is adjusted, the volt-
age will change polarity, passin

zero. Correct alignment is indicated by
zero voltage or zero current reading.

Figures 4.4 - 4.10 11lustrate
i siven Rkeoris b siecieh vate
aligning the diseriminator circuits by
daca F #a’ aaéiT1dnoons: Muase Ciseres
are referred to in

4.3 CHECK OF A-F STAGES
st

- A1 connections are made in reference
Connect the dectbel me-

s a pentode, the gain may
be as high as 50 or 100.

Gatn_of 2nd A-F Awplifier Stage

operates normally, an appreciable signal
should beheard at the spesker. The ac-
tual gain can be checked by connecting
the indicating meter between the plate

The ratioof the
sucoutivetbager il e Lopit el R w1l
be the stagegatn. This
stage gain should noraily vary between
approximately 10 and 50, depending upon
the type of tube being used.




4.4 USE OF CRYSTAL CONTROLLED OUTPUT

A. The wlignment of the radio fro-
quéncy stages and the oseillator ntages
of a receiver is greatly facilitated if
the 100 ke or 1000 ke crystal controlled
OutpuL of the Wodel 255X 15 used As the
entire dtal of the broadcast band can
be checked every 100 ke or, in the case
of short wave recetvers, every 1000 ke,
»ith a single setting of the crystal by
#inply tunirs to the narmonica of the
erystal controlled oscillator. In addi-
tion to the speed with which this en
Ables the entire band to be checked and
calibrated, the crystal accuracy,0.01%,
assures far more accurate results than
©can normally be obtatned by using the
continuously variahle oseillator,

Aiespastes onni gk oSN s
eyeles, 1 ivisable to use the
100 ke erystal for .u....cm as tho har
sonics are so close together that they
~1ght be wrongly identified and the re—
cetver might be misaligned. This, how.
ever, would not be the case when using
Ehe 1000 ke erystal sinee,at these fre—
quenctes,its harmontcs would be so wide—
1y separated that misalignment due to
this cause would be practically impos—
sthle.

ases where the receiver 1s
Dadly out: of 1ine, 1¢ 18 poRsible tnat
a wrongly tdentified harmonic will be
tuned in. For example, the dial might
be set for 600 ke but the receiver may
be so far out of line that it would re-
cetve the Tth harmonic (700 ke) better
than the Ath. If this error were not
detected, the entire receiver would be
wisaligned. To praclude any possibility
of such misalignment, chock the receiver
dial at 1000 ke using the 1000 ke crys-
tal. Tt will be at the same position as
the 10th harmonic of the 100 ke crystal.

side of the 10th harmonic position will
be the 9th harnonic. This position can
now be used as A roforence point for the
Sth harmontc,ete. This can be repeated
in eitner direction from the 10th har-
zonic reference point.

d. The short-vave bands of the re.
ceiver may be aligned with the use of
either the 100 ke erystal or the 1000 ke

crystal,using the sane general procedure.

4.5 FIDELITY MEASUREMENT

Fidelity 1s a quality of repro-
CUTELN M40 Ao TR by ot
Eion of U0 fuators. o leaicfont el
Sonate. ' The 1 the measuring stick
£6F (€ oAl dualiyyafaitub N TR

used to electrically check fidelity.
The Nodel 90X L4 used Lo generate audio
frequency output, 0-15 ke. With the use
£ an output indicator,a fidelity char-
shown in Figure

T TR TN T
10 A
(T

\I TN
T

hEcuENCY CYCLES

Figure §.11 - Typical Receiver
Fidelity Corve

To obtain the data necessary for
a fidelity curve, proceed as follows:

1. Connect the dectbel
the voleo coil or across the equivalent
non-inductive load substituted for it.

2. Connect the output of the Model
289X, adjust to produce 50 cycles to
15,000 ke, to the input a-f section of
the receiver.

3. Mjust the a-f output level of
the Mode] 288X until a conventent decibel
meter reading is obtained with 400 cycl:
a8 the wstle fregumey, It is imortest
that the a-f level delivered to the re- |
Sefvas arich tamt e peintaioel Beer il |

Vary_the framuancy from sp-
ely 60 cycles to approxtmstel s

I

by plotting voltage readings instead of
7




dectbel readings.

%.6 TROUBLE-SHOOTING IN RECEIVERS AND
OTHER ELECTRONIC DEVICES
5. General - The Wodel W8X, when
Properly used, 1s a very valuable in-
Wtrument for ovating trodla 1n oleotronic
devices. Tn the case of radio receivers

ation on trouble-shooting
1s with reference to the bas

of the superheterodyne receiver, illus-
trated in Figure 4.1.

Speaker - Permanent magnet types

the audio ran;

Ttis of
the Sranatorasy, very 14tile signad will
be obtained at the speaker during this

ae
ind Teading o signal in at the grid or
the tub
1ng normally, v @
Do developed between point 3 nd gromnds
en bypass condenser would result
1n a voltage between point 2 and ground
equal, approximately, to the signal volt-
age betng applied to the grid. The ssme
would be trus of the cathode bypass con-
denser of the 16t a-f aaplifie

e Input Condenser - A check of the
1nput coupling condensar, C2, can bemade
by foating the sigul in st whe plate
(potnt 4) of the preceding sadi

fueser splifiar. N ctangs in sutput
18 to be expected 1f this condenser 1
oper:

1y.

£ Bolme cmirel - Toe veltme cee-
trol can be checked by foeding the s:

nal 1n &t the hgh end of this sontrel
{potnt ©). The udto frequncy coupling
condenser can bo by comnecting
to potnt 7.

5 Intersediate Frequency Stages

ecor
transforser (point 8). A signal will be
obtained as indicated by the indicating
meter. Due to the loading effect of the
generator on the secondary of this trans-
former, tuning will be found to be very
broad.

2 the output of the gen-
erator rizary of the last 1-f
A Shmer. (putat 93 increase tn
signal strength may be expected and the
Drosdusss of tuming treatly

This 1s only a test of whether or not
the operation of the last i-f transfor-
normal, and, under no conditions,
should an attempt be made to align the

connected at the grid of the
amplifier tube (point 10).

3. Connect the NModel 288X to the
§r1d Of the second 1-f amplifier tub
(potnt 10). An appreciable gain should
be indicated
the tndi,
fact that a smaller signal is required
for a given output. The gain will vary
between 10 and 25 per stage. The last
1-f transformer may be aligned with the
signal fed in at point 10.

, e cutpat trassforeer for the
first Lirier stage can be shesked
o7 semacing i afpRiacte e

and above t

tained shen feeding in at point 10, 1%




to be expected when feeding signal in
at the primary of this transformer. No
attempt should be made to align this
transformer with the signal generator
connected at point 10 or 11. However,

avplifier tube (point 12). In connecting
to the grid of this tube,an appreciable
gain of 10 or 25 15 to be expected.

5. The first i-f amplifier trans—
former can be checked by comnecting to
point 13,

. tector Section -
In checking the first detector perfor-
mance, the Model 286X may be used as &
substitute for the local oscillator, if
1t 1s thought that the trouble lies in
this section. Disconnect the local ose-
1llator, or remove the oscillator tube,
and use the signal generator to replace
it as a source of voltage for the First
detector section. It is necessary either
to have two signal generators or to be
able to tune the receiverin to a strong
local broadeasting station in - order to
obtain the beat frequency (1.f.). For
exanple, 1f the i-f of the receiver un-
der test 1s 456 ke,and the local broad—
cast station tuned inwere at a frequen-
©y of 1000 ke, the Model 288X should be
sst to produce 1456 ko, pure r-f, and a
boat frequency of 466 ke will result.
The signal from the Model 288X is fed
in at the injector grid (point 14). If
all othier parts of the receiver are op-
erating normally, the broadcast signal
should be received.

B-F Stages

1. The signal gemerator may be
used to check the r-f stages by first

to the capacity loading of the signal
generator connection. When the signal
1s connected to point 16, the transfor-
The secondary

nal generator connected to these trans-
former secondaries.

2. By connecting the signal gen-
erator to the grid of the first r-f
amplifier tube, an increase should also
be noted in the output due to the amp-
1ifying action of the first r-f ampli-
fier tube. Connection at the antenna
post (point 18) should also give an in-
creased signal.



CTION ¥

5.1 OENERAL

A the Nodel 288X has buen built in
cordance with the fiiokok high stand-
ards of quality, material and workman-

be §1ad to give any ssststance possible.
It in requested that the suggestions
given in "Returning Kquipaent for Re-
Llowod Af 1t be-
turn the unit.

comen necessary to
5.2 TUBE MAINTENANCE

BuitoesSuapiratton SISt soses.
coused by re of

tubes. ubes ted »
within toeir ratings t insure long life
but may, in tize, need replacing. All
tubes except the main variable oscilla-
tor, V1, type 6C4, and the
trolled oscillator and catho
tube, V2, type B8N7,
sible when the unit ia removed from its
To remove V1 and V4, remove the

T-f shteld first. The type 6C4, (VD) is
ube

To do thiw, turn the shield slightly to
release the oatoh, then 1ift straight
out.

5.3 RE-ALIGNMENT
Wien the 6C4 sain varisble oscilla
.-

re-alignment of toe oscillater
unit. Variable powdered-iron core in-
ductors, at the low frequency end, and
nogative tewperature coefficient cerasic
upnuon at the high end of the band,
od foy Models 288X,
277X and 77 Arw iyl prectsion types of
Anstrument and wi d suitable stand-
ards make
ment ﬁtl A% available =nd will be sup-
plied

5.8 CRYSTAL INSTALLATION

o

All leads to the crystal are wired
* mm«mlyune—-«.ﬂum-
erystal for operati:
be obtained from the stckor Heetrieal
Inntrument Coapany,see Parts List, Seo-
thon VI,

] T T T T
=T [

S SR s H
¥'HI_~ - o
EEREE I ‘

Figure 5.3 - Maxinus Voltage Output




Ey
2




22

V-4

¥ i

R-3

R-4

c-13

R-9

V-3

R-20

Figure 5.2 - Model 288X, Case Removed, Bottom View




SECTION VI PARTS LIST
ARTS LIST FOR ODEL 288X

NTE There is a ninimus charge of $1.50 for shipment of any one order
REF HICKOK NAME AKD DESCRIPTIOK FUNCTIOX
SYMDOL | CODE NUMBER

1 295-8 CAPACITOR: W70 maf, 1O, 500 V, mica
c2 095-5 CAPACITOR: 100 maf, 10, 500 ¥, mica
3 CAPACITOR:  Sane as CI

o CAPACITOR:  Same as Ci

s 0957 CHPACITOR:  47nnf, 10%, 500 ¥, mica
] a2-10 CAPACITOR: 420 enf max, 12.5 maf min, variablo
(4 3ns1 CAPACITOR: ceraaic
] CAPACITOR:

3 caPACITOR:

¢ CAPACITOR:

oI CAPACITOR:

iz CHRACITOR:

o3 | a2 CAPACITOR: 67 mf, variable, air

o | mosa CAACITOR: 360 anf, 5% 500 V¥, mica
cIs 095-27 CAPACITOR: 50 maf, 0%, 500V, mica
[ 30528 CAPACITOR: - 10 nf, WooV, paper

(114 0952 CAPACITOR:  Ip maf, 10%, 500 ¥, mica
cis CAPACITOR

¢l CAPACITOR:

(2] 3105-13 CAACITOR

c21 3tie-1 CAPACITOR:

c22 | 3057 CAPACITOR:

(3] CRACITOR:

33 CAPACITOR:  Same as C2

26 | 381 CAPACITOR: 10 mf, 25V, electrolytic
¢z 3005-15 CAPACITOR: .5 nf, 20 V, paper

(73 CAPACITOR:  Sane as C2

(3 CAPACITOR:  Same as C2

() CHPACITOR  Same as 7

(] 0857 CAPACITOR:  2-20 =f, 450 ¥, electrolytic
32 CAPACITOR:  Same as CI

€33 | 3059 CAPACITOR: .05 uf, %00 V, paper

cau CAPACITOR  Same as C33

¢35 CAPACITOR:  Same as Ci

ca7 095-3 CAPACITOR: 1000 maf, 0%, 500 ¥, mica
a8 CAPACITOR:  Same as Cl6

€39 | 3095-17 CAPACITOR: 0047 mfd, 10% 500V, mica
L 332-7 CoIL:  Oscillator cyrstal

L2 6D-% I dscillator *A* R-F

Prices will be furni shed upon recuest.
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MCTION V) PARTS LIST
PARTS LIST FOR WODEL 28X

BOTE:  There is a mininem charge of §1.50 for shipment of any one order.

WA M0 DESCRIPTION FUNCTION

can: ol
col:  Oscillater
@Il Oseillater
i Osciiator
ColL:  Osal ) ate
coll:  Osalliator
ol Osell ) ator
oIl High Frequency - FK
oI Low Fraquency - FN

METER  SIK ducibel meter

RESISTOR W70 ohms, 105

RESISTOR 47,000 ohes, B
RESISTOR W7 ohms, ©F
OUTPET coxTROL

RESISTOR
Ro Iovso-35 | RESISTOR:
" 1847569 | RESISTOR:
[ 18550-37 | RESISTOR s
n iasso-11 | RESISTOR: 3

taso-s2 | RESISTOR:
1887550

RESISTOR o3

15 5-30
15ss-36
1ssm- 18 0,000 ohms, B
18%50-5 o0 o3
I8s75-3 27,000 ovms,
s 168,000 ohes, S, i¥
8475-92 2,000 omms, 5% i¥
-t
185750 1800 ohas, 105
Ris
18525209 ohws, 105
RESISTOR  Same as Ri6
1957 | POTENTIONCTER 50,000 ohes, with a-c |1ne FREQUENCY MODULATED SWEEP Control
ound
wrs-es
w1222

211
B0 SELECTOR Switeh

8 woizy | SwTCH 1--11«:;.:‘:..11;.« rotary; S o Mt

Prices will be furnished u




PARTS LIST FOR MODEL 288X

NOTE:  There Is a minimum charge of $1.50 for shipment of any one order.

REF HICKOK

SYMBOL| CODE NUMBER HAME AND DESCRIPTION Tuncrion
| 83 189 12-114% SWITCH: 2 sections; 5 positions; rotary; OUTPUT MULTIPLIER Switch
| Attenuator
|

Su | 1s912-11z | SMITCH: 1 section; 3 positions; rotary; SELECTOR F.M.-AM.

| FH-AY Sel ector

il 2800-52
T2 20800-58
v 20875-62
vz 20875-19
| v 2875-19
1 AL 20875-17
¥s 20875-22
Ve 20875-63 E:
I i 3870-1 CRYSTAL: Dual frequency
| 2360-15 BINDING POST: black

I 11500-11 KNOB:  Hickok bar knob with pointer
11505-40 | KNOB: Round with pointer and set screw
12270-5 LMP, PILOT: #40 Mazda, 6-8 V
1245098 | LEAD: Assembly, red, 42%, for meter Meter Lead
19156-96 | SHIELD: ube
19350-30 | SOCKET: Octal, crimp-on
19350-31 SOCKET: Ass'y, panel light
| 19%0-23 | SICKET: For miniature tube

Prices wi1l be fumished upon request.
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Outstanding HICKOK Electronic Equipment - Accurate - Dependable - Versatile

SIGNAL GENERATORS

Crystal Controlled Hicrovolt Generator -
Model 191X

- Crystal controlled outputs accurate -0,01%.

- Output voltages calibrated in microvolts by
use of self-contained vacuum tube voltmeter.

- Anplitude modulated output 1 ke-12) me.

- Fixed and variable percent modulation.

~ 3-range dectbel output meter.

Universal Crystal Controlled Signal Generators,
8

-~ Anplitude modulated outputs 100 ke-110 me.
- Frequency nodulated outputs 100 ke-160 mo.
Frequency modulated output with variable
bandwidth of sweep, 0-30 ke, 0-160 ke,

50 k.
- Variable sudio frequency output 0-15 ke.

- Crystal controlled outputs accurate -0.01f.
- -range decibel output meter.

TUBE_TESTERS

c Mutual Conductance Tube Tester -

Orly tester with both English-reading and
micromho scales.

Accurate and dependable test for gassy tube.
Tests all octal, loktal, miniature, hallast

for Xodal §32.

Write for catalog describing these and other HICKOK outstanding Equipment.



- Wide band, high gain vertical amplifier.
- Self-contained narrow and wide band frequency

- Self-contained demodulator.
- Conetse and complete instruction book with traces

- Self-contained mixer circuit.
- Calibrated screen.

ELECTRONIC TEST EQUIPMENTS

Electronic Volt-Ohn-Capacity Milliammeter - Model 203

- Wide ranges of voltages, both a-c and d-c, resistances,
currents, capacitances and inductances can be measured.

- Voltmeter electronically protected from damage due to
overload.

- Light-loading on circuits under test.

- Spectal design features such as large 5" meter,
Polarity-revising switch in d-c voltmeter circult.
Zero reset unnecessary in changing ranges.

Vacuun Tube Ohm-Milliammeter - Model 125

Wide ranges of voltages, both a-c and d-c, resistances
and currents can be measured.

Spectal probe assembly permits a-c voltage measurements
of frequencies to over 150 me.

Voltmeter electronically protected from demage due to
overload.

Light-loading on circuits under test.

Spectal compartment for carrying test leads.

Indicating Traceometer - Model 156

- Five precision meters.

_ Seven simultaneous measurements without interferring
with normal operation of the receiver are possible.

— Built-in speaker for monitoring either i-f, r-f or a-f
channels.

- Spectal shielded cables for making tests.

- Zero-center d-c voltmeter permits measurements of
Voltages positive or megative with respect to
ground without changing the test leads.

Oscillograph - Model 305

modulated oscillators.

commonly found in servieing receivers.
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