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HOW TO USE THE MCDEL 88 NRI PROFESSTIONAL
STGNAL GENERATOR

Introduction

Your Model 88 Signal Generator is a
complete and modern servicing instrument,
designed to meet the requirements of full-
time and spare-time professional radio
servicemen.

Close cooperation between NRI engi-
neers and those of the manufacturer dur-
ing months of design and experimental
work has made this instrument one -of the
finest in its ¢lass. We are proud of its
appearance, 1ts design, its ruggedness
and performance. Once your get acquainted
with your signal generator and learn how
to use it properly, you will be proud to
have it on your workbench and to have it
displayed so that customers may see it,
You have an exclusive, custom-built in-
strument which is available only to NRI
men.

The NR1 Signal Generator has been
designed with itwo purposes in mind.
First, it is one of the basi¢c instruments
needed for professional radio work., Sec-
ondly, 1t can be used to good advantage
in carrying out the NRI practical training
plan. This training plan, which is out-
lined in the NRI Course, enables you to
gecure practical radio experience right
in your own home within a short time.
The signal generatcr has been designed
as a compéanicn instrument for the other
fine test equipment in the NRI line and
can be used to good advantage with them,

With the Model 88 Signal (Generator,
you can follow professional servicing
techniques when aligning a2 set and when
locating defective sections or stages.
It is useful in servicing all types of
receivers. The communications expert
will find this instrument useful for
checking some parts of broadcast, short-
wave and Television transmitters. Elec-
tronic engineers, public address special-
ists, facsimile experts and coin-operated
phonograph technicians will find scores
0of uses for this excellent signal gen-
erator.

Once you have unpacked your "signal
generator, you will see that it appears
gs in Fig. 1. The schematic diagram is
shown in Fig. 2. A conventional a.c.

SD46-1247 -

full-wave rectifier type power supply is
used, V3 is the rectifier tube.

FIGURE |
The Model 88 NRI Professional Signal
Generator.

After you have looked the signal
generator over, you will naturally feel
a strong desire to try it out. We can
hardly blame you for wanting to see how
the signal generator works. However, yoau
must remember that the signal generator is
a precision test instrument. We strongly
urge you to read this instruction book
carefully before trying it out. A atep-
by-step study of this book, combined with
the actual use of your NRI signal gener-
ator after each step, will give you ex-
cellent training in the proper use of
this instrument.

Let us emphasize an important point.
This instrument is designed for use only
on 110-120 volt, HO-60 cycle a.c. power,
DO NOT use this signal generator on any
but the specified power. DO NOT attempt
to use the signal generator on 25 cycle
power or d.c. power, SERICUS DAMAGE TO
THE INSTRUMENT WILL RESULT.

JoE OF CONTHOLS

"ig. 5 shows a view of the front
panel of the instrument. Let us identify
the controls.

In the center of the front panel and
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above the other controls you will see a
large knob with a clear plastiec pointer
attached. This is the mein tuning con-
trol for fine adjustment of the frequency.
It corresponds to the tuning control in a
conventional receiver,.

Below the main tuning control are
t hree bar knobs mounted in a row. The
control on the left is the three position
"FUNCTION" selector switeh., The center
control is the six position "BAND" Selec-
tor switch. The control on the right is
the "FINE ATTENUATOR" control. {The
"on-of f" switch is also incorporated in
this control.)

Beneath these controls, on the ver-
tical section of the panel, are three
other items of interest. At the left is
the pilot lamp jewel. In the center is
the M™COARSE ATTENUATOR" awitch which is
used to obtain a "high™ or "low" output
signal as desired, On the right is the
"OUTPUT" jack. The output cable is con-
nected to this jmck with a screw cap
connector.

Let ua discuss the operation of each
control in turn.

MAIN TUNING CONTROL: This control
is used tc vary the frequency of the r.f.
signal generator over a given band. A
"vernier™ type of tuning arrangement is
provided so that an accurate frequency
setting may easily be obtained,

FUNCTION CONTRQL: This is used to
select one of three types of output sig-
nal: (1) amodulated r.f. signal; (2} an
unmodulated r.f. signal; or (3) an audio
signal. Anyof these three types of out-
put are available at the "QUTPUT" jack
by changing the position of this switch.

BAND SWITCH: This is used to se-
lect the band of frequencies desired,
It has six positions: A, B, C, D, E, and
F, corresponding to frequency scales on
the main tuning dial, Notiece that a
frequency scale is calibrated for use of
the second harmonic of band "F.," When
reading frequency scale "F1," the BAND
awitch should be in the "F"™ band posi-

tion, The bands cover frequencies as
follows:

Band A: 170 ke, to S50 kc.

Band B: 5b0 ke, to 1600 ke.

Band C: 1.6 mc. to 5.0 me.

Band D: 4.5 mc. to 15 me.

Band E: 15 me. to 30 mc.



Band F: 30 me. to 60 me.
Band Fy: &0 me. to 120 me.
(second harmonic of band F)
FINE ATTENUATOR: The FINE ATTENU-
ATOR consists of a continuously variable
oytput control. It is used to give =a

clockwise until the "click™ is heard,
and the power cord is plugged in, the
pilot lamp jewel should glow, indicating
the instrument is turned on.)

COARSE ATTENUATOR: This is a tog-
gle switeh used to switech a resistor in

&
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FIGURE 3

Controls on panel

close or "fine" adjustment of the output
signal intensity or strength. To increase
the output of the signal generator, turn
this control im a clockwise direction.
As you turn the control clockwise from
the "OFF"™ position you will hear a slight
"elick.” This indicates that the instru-
ment is "ON.™ (When the control is turned

- 4

of Model 88.

and out of the circuit so that the
strength of the output signsl may be
varied over quite a wide range., It has
two positions, a "HI" and & "LO" position.
In the "HIM™ position, a mueh stronger
cutput signal is obtained than in the
"LO"™ position.

OUTPUT JACK: This is simply a screw

)




type connector jack to which the coaxial
output cable is connected.

How to Set the MAIN TUNING CONTROL to
Desired Freguency

The main tuning dial consists of
seven scales, labeled at each end with
letters A, B, C, etc., thru Fj. Kach
acale is calibrated to cover a given band
of fregquencies., For example, when the
BAND switch is set at position "A," read-
ings are made on scale "A" of the main
tuning dial. Nocte that scales A and B
read in kilocycles {thousands of cycles)
while the other scales (C, D, E, ¥, F1),
all read in megacycles (millions of
cycles).

As an aid in selecting the correct
setting of the BAND switch, the lowest
and highest frequency covered by each
band is indicated at the extreme ends of
each corresponding scale on the main tun-
ing dial. Example: Beneaththe left end
of scale A is printed "170 kec." Beneath
the right end of scale A is printed "530
ke." Therefore, if any frequency between
170 kc. and 550 ke. is desired, the BAND
switeh is set to position MA.™ The main
tuning control is then turned so that the
red "hairline™ in the plastic pointer is
directly over the desired frequency on
scale A,

If a frequency of 1400 kc., were
needed for aligning a receiver, what po-
sition of the BAND switch would be used?
Referring to the main dial scales, we see
the maximum frequency covered by Band "B"
ig 1600 ke. and the minimum frequency
covered by Band "B" is 550 ke. Since
1400 ke. falls between these 1limits, the
BAND switch will be set at position "B."
The "hairline™ of themain tuning control
is then set at 1400 kc. on scale "B,"
(It is worthwhile noting here that Band
"E" covers the A.M. broadecast band of
frequencies, )

Where the desired frequency is di-
rectly calibrated on the dial, then the
t ransparent pointer is moved over the dial
until the red "hairline™ is directly over
the long marker line representing that
frequency.

If the signal generator is to be set
to a freguency not directly calibrated
on a given scale, themn the short lines

between the longer marker lines are used.

For intermediate readings, an estimation

is made between the shont lines,

The value represented by each divi-
sion (short line) between calibrated or
marker lines for the different bands is
Zziven bhelow:

For Band A: each division represents 10
kilocycles,

For Band B: each division represents 10
kilocycles.

On Bapnd C: (from 1.6 megacycles to 2.0
megacycles) eachdivision represents
.02 megacyecles or Z0 kilocycles;
(from 2.0 to 3.0 megacycles) each
division represents .05 megacycles
or 50 kilocyecles - two such divi-
sions representing .1 megacycle;
{(from 3.0 to 5.0 megacycles) each
division represents .1 megacycle
or 100 kileccyecles.

On Band D: (from 4.5 to 7 megacycles)
each division represents .1l mega-
cycle or 100 kilocycles; (from 7
to 15 megacycles) eachdivision rep-
rezsents .82 megacycles or 200 kilo-
cyecles,

On Band BE: each division represents 1
megacycle.

On Band F: each division represents 1
megacycle,

On Seale ¥1: each division represents
10 megacycles; however, the inter-
mediate markers on Scale F may be
used to indicate divisions of £ meg-
acycles when reading the ¥y scale,
In order to speed up the dial setting

of the signal generator when aligning the

i.f. transformers of superheterodyne re-

ceivers, the 3 most commen i.f.,'s are

spotted on scale A. These are repre-
sented by small dots on the scale, They
are located at frequencies of 175 kilo-
cycles, 455 kilocyeles, and 4865 kilo-
cycles. (The marker dot for 4590 kilo-

cycles can be used when aligning 1.f.

transformers to either 455 or 456 ke.)

You can see these dots quite easily.
Refer to the "A" scale on the main dial
of your signal generator. The 175 kc.
marker dot is located halfway between
170 ke. and the next small unmarked line
(180 xc.) The 455 kc. marker dot is
found between the line calibrated to read
A50 ke. and the next unmarked line
(460 kc.). Between the unmarked line




representing 460 kc., and the unmarked line
representing 470 kec., there is the marker
spotting the frequency of 465 ke, This
marking of the i.f.'s will speed up align-
ment of superhets considerably,

Avoid Parallax Error: When setting
the plastic pointer to agiven frequency,
be sure that you are looking directly
toward the pointer and dial scales. If
your eyes are not squarely in front of
the pointer, an error in reading the
scales (called parallax error), will re-
sult. Be especially careful about this
when placing the signal generator at one
side of the receiver under test, as there
is then a tendency to read the dial from
an angle.

Examples which will help you learn
to read various settings on the signal
generator scales are given in Fig. 4.
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Just assume that the white lines X, Y,
and Z represent different dial pointer
pesitions, Write down what you think the
frequency reading is on each band for
each of the three pointer positions.,
Compare your readings with those given
on page 28, and try to analyze any dis-
crepancies which may occur.

Use of Shielded Coaxial Qutput Cable

I1f ordinary test leads, like those
used inmaking voltage or ohmmeter tests,
were used to connect your signal genera-
tor to a receiver, the leads might pick
up stray fislds, causing interference,
and would also radiate r.f. energy. Re-
member that the signal generator acts as
a minjiature radio transmitter - the leads
would then act as an anitenna. Various
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FIGURE 4

A Reproductionof the dial scales on the Hode! 88.
To secure experience inreading the frequency scales,

possible frequency settings.

record what you think the frequency settings are on each band,
Compare them with the correct readings,

ting.
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Lines X, Y, and Z represent three

for each pointer set-
as given on page 28.
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used in the set, you should note some
change here,

Once you have seen how the "COARSE
ATTENUATOR"™ control works, turn it to the
"HI™ position and gradually turn the
"FINE ATTENUATOR™ counterclockwise.
Again you should notice a reduction in
the intensity of the signal.

Repeat this general procedure for a
number of different frequencies and on
different bands if you wish., If you go
to higher frequency bands on the signal
generator, it is necessary that you have
short-wave bands in the receiver in order
to pick them up.

You can also make some experiments
on using harmonics of lower frequency
signals so as to get familiar with the
general technique.

Set the "FINE ATTENUATOR™ on 10 and
the "COARSE ATTENUATOR™ on "HI," for
maximum signal generator cutput. Set the
"FUNCTION" switch in the"R., ¥. MOD."
position. The "BAND"™ switch should be
set in the "B"™ position.

et the receiver at a frequency of
around 1200 to 1300 kilocycles (where no
local station is picked up) and slowly
tune the main tuning knob of the signal
generator between 550 and 700 kilocycles.
You should find one point at which a sig-
nal is heard through the receiver's loud-
speaker., Since the receiver is tuned to
a frequency twice that of the signal gen-
erator, you are picking up the signal
generator's second harmonic with the re-
ceiver.

You can experiment on picking up
third harmonics of signals by simply
switching the signal generator to band
"A" and tuning from about 400 kilocycles
to 450 kilocycles., Listen for an audio
signal in the receiver's loudspeaker,

To get acquainted with the operation
of your signal generator as an audio sig-
nal source, turn the "FUNCTION" switch
to the "AUDIO"™ position. Set the "FINE
ATTENUATOR™ and "COARSE ATTENUATOR"™ con-
trols for maximum output as outlined
previocusly. Disregard the settings of
the main tuning knob and the "BAND"
switch, as the audio ocutput is fixed at
approximately 400 cycles,

If your test receiver has a connec-
tion for a phonograph, determine which is
the "hot" connection point by switching

the receiver to "phono" and turning the
receiver volume control tomaximum, With
the finger, or a screwdriver, touch the
terminals where the phono connection is
made, When the "hot" terminal is touched,
a hum wil] be heard in the receiver's
loudspeaker. Once you have determined
which is the "hot" input terminal, clip
the "hot" signal generator lead (red) to
this terminal and ¢lip the "ground"™ lead
(black) of the signal generator to the
"ground™ terminal or to the set chassis.

You should now hear a loud audio
note. {It may be so loud that the set is
overloaded s¢g that a distorted note is
heard.) You can reduce the intensity of
this note by turning back the receiver's
volume control; byadjusting the position
of the "COARSE ATTENUATOR"™ control to
the "LO"™ position; or by turning the
"FINE ATTENUATOR™ counterclockwise to a
lower resding.

If the receiver does not have a
"phonograph™ connection terminal, but the
receliver employs & superheterodyne cir-
cuit and dicde detector, then you can
usually c¢lip the leads from the signal
generator acrose the receiver's volume
control. Determine which is the "hot"
side by turning the volume control on full
and touching each cuter terminal, The
terminal from which the hum is heard is
the "hot"™ side. The hot signal generator
lead connects here. (The signal genera-
tor "ground"™ Jead is then connected to
the receiver's chassis, or t¢ the ground
terminal of the volume control.)

Finally, if the volume control is
not in the a.f. section of the receiver,
make connections directly between the
grid of the first audio tube of the set
and ground.

If you follow the above procedure,
yvou will soon become familiar with the
use of the various controls on your sig-
nal generator and how the manipulation of
these controls affects the output of the
signal generator.

Uses of a Signal Generator

A signal generator is used to pro-
vide known test signalis of variasble in-
tensities, These test signals can be
used in the following ways:

(a) Alignment: Consists of injecting

_ 8 -
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known signals into the receiver and
adjusting tuned circuits in the receiver
so that maximum output is obtained. Var-
ious components are adjusted, such as
trimmer condensers, and "iron slugs" on
permeability tuned coils, in accordance
with a definite procedure. 1In addition
to the variable frequency signal genera-
tor, an insulated alignment tool (illus-
trated in Fig. 5}, should be used. An

FI1GURE 5
Typical Insulated Alignment Tool.

output indicator of some sort is very
desirable,

(b) Stage-By-Stage Testing: Con-
sists of injecting a known signal at
given points in the receiver to see 1if
stages following that point operate prop-
erly. The stage-by-stage testing tech-
nigue isused to isolate trouble in a re-
ceiver and can be carried gut by methods
other than "signal injection.™ For ex-
ample, the well-known "circuit disturb-
ance” test used on dead receivers is =2
form of stage-by-stage testing.

Regardless of how the signal genera-
tor is used - whether for alignment or
stage-by-stage testing, it is necessary
that the signal be introduced or "injected”
at some point in the receiver. The sig-
nal is introduced in either the grid-to-
chassis or the plate-to-chassis circuit
of a tube, or into the receiver antenns
systemn,

Connecting the Signal Generator to a
Receiver

Suppose we had a typical i.f. or r.f,
amplifier circuit as illustrated in ¥Fig. 6
and wished to connect the signal genera-
tor directly to the grid of this stage.
The physical connections might be made
in one of several ways. If single-ended
tubes, in which the grid connection is
brought cut to a pin on the tube base, are
used, the actual physical connection might

be as shown in Fig. 7.
The clips of the signal generator
cable are connected directly to the

G'Hot” S.G. lead.

B+

FIGURE &
Typical [.F. Amplifier Circuit.

FIGURE 7
Typical connection to tube socket lugs.

socket lugs. A plate-to-ground connec-
tion might alsoappear similar to ¥ig. 7,
except that theclips would clamp on dif-
ferent socket lugs. (You can identify
the proper lugs on the tube socket by



referring to a tube chart to identify
tube electrode connections from their
pin positions.)

On the other hand, if the tube has
& top cap, the basic schematic circuit is
the same, but the comnection could be
made as shown in Fig. 8.

FIGURE 8

Typical connection to tube grid cap and
chassis.

The "hot"™ lead (red) of the signal

generator isconnected to the grid of the
tube in each case and the “ground" lead
(black) isconnected to the set's chassis.

When the signal generator is to be
connected to the first stage inareceiver
(the mixer stage or first r,f. stage in
8 superheterodyne or a tuned r.f. stage
in a TRF type of receiver), the same
type of physical connection can be made.
Refer toFig, 9 for a typical first stage
in areceiver. Note that onlypart of the
first stage is shown.

If a "single-ended" tube is used,
it is not absolutely necessary to turn
the set chassis over and connect directly
at the tube socket termimnals, You can
se¢e, fromthe schematic diagram in Fig, 9,
that the grid connects to one section of
the variable tuning condenser. This

10

will be to the "stator" plates. The
"hot" lead of the signal generator can be

clipped directly to the "stator™ lug of
this section of the tuning condenser, as

is illustrated in Fig. 10.

I t"SG
€ To RF
coil or
primary
of IF
- Jo AVC
FIGURE §
dignal Generator Connection to R.F.

Amplifier or Converter Circuit.

FIGURE 1|0
Typical connection between tuning con-
denser trimmer and chassis.

Where a loop antenna is used with a
receiver, and it is desired to couple the
output of the signal generator to this
loop antenna, one of two syatems might
be used.

f
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A wire may be lcooped loosely around
the loop antenna form and connected to
the signal generator leads. One end of
the wire would connect to the "hot™ lead
and the other end of the wire would con-
nect to the "ground" lead of the signal
generator cable. This is iliustrated in
Fig. 11l. If the set is fairlywell aligned

80 that it has some sensitivity, a looser
type of coupling may be employed as illus-
In this system, the

trated in Fig. 1Z2.

FIGURE 11
A wire looped loosely once around the
loop-antenna formand connected to the
signal generator leads will provide
sufficient coupling for your signal
generator signal.

FIGURE |2
Clipping the hot signal generator lead
to the Toop~antenna form is another way

to feed asignal into theset. Clip the
signal generator ground lead to the set
chassis.

"hot" lead is simply clipped to the loop
antenna form and the "ground" lead is
clipped to the set chassis.

Where no loop-antenna is used, and
it is desired to couple to the input of
a recelver, Bseveral systems may be used,
You may simply ¢lip the "hot"™ lead to the
receiver's antenna and the "ground" lead
to thereceiver's ground post or chassis,

For less coupling, you may connect a
short insulated wire to the antenna post
of the set and clip the signal generator
"heot" lead te this wire, over the insu-
lation, so that direct contact is not
made. For still less coupling, you may
simply lay the signal generator lead close
to the antenna wire of the receiver,

When using the signal generator to
"inject™ an audio signal in an audio
stage, connections can be made in a sim-
ilar manner, A connection between the
grid and chassis ina typical first audio
amplifier stage, see Fig. 13, might be

|..__
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FIGURE 13
Typical first audio amplifier stage.

made by clipping the signal generator
leads directly to the tube's grid and
cathode socket lugs. The connections
might be made betwesen grid and ground
{chaaais), grid and B-, or the two leads
can be clipped directly across the grid
resistor of that stage.

A connection can be made directly
across the volume control, using the two
outer terminals of the volume control,
(Be sure that you do not connect the
leads to the Mon-off" switch on the back
of some volume controls.) This cennec-
tion directly to the volume control for
checking audio stages in a receiver should
be made only where the volume control is
used in the audio stages - usually be-
tween the second detector and the first
audio amplifier. Where some other type
of volume control is used, the connections
can be made directly to the grid of the
first audio amplifier tube,

Dummy Antennas

The purpose of a dummy antenna is

- 11 -
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to simulate or create the effects of an
actual antenna on the preselector or in-
put tuned circuit. Manufacturers often
recommend a particular type of "dummy
antenna"™ which is to be connected in
series with the "hot" lead of the signal
generator and the recelver antenna bind-
ing post.

Some manufacturers will also recom-
mend the use ¢of & condenser in series
with the signal generatcor lead when
aligning the i.f., portions of areceiver,
This is to isolate d.c. receiver supply
voltages from the signal generator.
However, a series blocking condenser is
built in the hot side of the Model 88
output circuit and an additional blocking
condenser is normally unnecessary.

The standard "dummy antenna"™ as re-
commended by RMA (Radio Manufacturers
Association), is illustrated in Fig. 14.

; SHIELD
} 200MMF.

i [
Sy
I
O
—
SR [S—

- me e ———————

FIGURE 14
Standard "Dummy Antenna.”

Many manufacturers simply suggest using
a 400 ohm resistor in place of such an
elaborate dummy antenns, while others
suggest the use of either a .1 or .5 mfd.
condenser or a combination of resistor
and a condenser,

It is felt that a dummy antenna need
net be used when connecting the signal
generator to a receiver, except where
laboratery measurements are being taken.

Instead, we recommend that the prelimi-
nary alignment be carried out without a
dummy antenna and that the final align-
ment of the preselector circuit be carried
out in the customer's home, using abroad-
cast station as asignal source and using
the customer's own antenna, By doing
this, the best alignmeni can be attained.
In many cases, it may be found that
little, if any, adjustment need be made
in the customer's home. Naturally, where
2 loop antenna is used, no further ad-
justment 18 necessary.

Output Indicators

When aligning a receiver, it is de-
sirable to connect an instrument to the
receiver so that a visual indication of
receiver output can be obtained when the
set's adjustments are properly peaked.

When aligning TRF receivers and con-
ventional superheterodynes, a multimeter
(such as the NRI Professional Model 44)
might be used as an indicator. If it is
to be used as an output meter, it may be
connected between the plate of a single-
ended output stage and ground as shown
in FPig, 15, or between one side of a

T 47 cHASSIS

FIGURE 1b
A. C. voltmeter, with built ind.c. block-
ing condenser, used as output meter.

push-pull stage and ground as shown in
Fig., 16. If the multimeter is of the
high resistance variety {(at least 10,000
ohms per volt), or is a vacuum tube volt-
meter, it may beused as a4 d.c. voltmeter
and connected directly across the diode
load resistor to read a.v.c. voltage.
If the volume contircl is used as the diode
load, then the d.c. voltmeter should be
connected across the volume control -
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this is illustrated in Fig. 17. An out-
put indication can also be obtained by
connecting an a.c. voltmeter across the
receiver's loudspeaker voice coil, as
shown in Fig. 18, This method is not

FIGURE 15
An output meter can be used between the
plate of one push-pull tube and ground.

AVG. CONNECTED AS
VOLUME = D.C. VOLTMETER

CONTROL
FIGURE 17
A high resistance, or vacuum tube volt-
meter, used to measure a,v.c. voltage as
an output indication. Most servicemen
feel this method gives best results.

ag satisfactory as those previously men-
t ioned.

If the receiver has a tuning indi-
cator of the "magic-~eye tube" type, a
"shadow meter,”" or similar type of tuning
indicator, this may be used to indicate
when proper adjustments have been made,

In an FM receiver where a limiter
is employed, a microammeter is usually
recommended for aligning the i.f. and
preselector stages. It is inserted in
series with the limiter grid circuit, and
preceding stages peaked for maximum lim-
iter current. A vacuum tube voltmeter or
high resistance d.¢. voltmeter is then
used in discriminator alignment.

GENERAL ALIGNMENT PROCEDURE

THF Receivers

In recent years, practically the only
TRF receivers manufactured have been very
inexpensive a,c.-d.c. midget receivers.
A typical example is shown in Fig. 19,

B+

CONNECTED AS ;’f
QUTPUT METER
FIGURE |3
Ovtput indication obtained across loud-
speaker voice coil, with an a.c. volt-
meter. Use thismethod only when other
methods are extremely inconvenient.

- B- l B+

FIGURE (9
A typical midget t.r.f. setofsimple
| design.

These sets are quite simple and have but
a single r.f, stage, which feeds into a
detector circuit.

dowever, many of the older TRIF re-
ceivers are still inexistence, and these,
too, need alignment. The following in-
structions will show you how to align
TRF sets that use sc¢reen grid or pentode
tubes 1n the r . atages., Older receivers
with triode tubes in r.f. stages may use
the neutrodyne eircuit, which requires
an additional adjustment. This will
be described later under the subjeect
"Neutralization."

Almost every TRF radio has a set of
r.f. trimmer condensers. One condenser
is in parallel with each section of the
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maln tuning condenser, so that each tuned
circuit can be adjusted to give maximum
output at the same signal frequency. The
adjustment is always made near the high-
frequency end of the band, because small
circult changes have the greatest effect
at this end. 1If no over-all equalizing
adjustment is provided, the rest of the
tuning band may not be in adjustment for
maximum response, but will usually be
satisfactory. |

Since few TRF receivers have diocde
detectors or a.v.c. circuits, you will
probably connect the output meter between
the plate of the output tube and ground,
cr across the loudspeaker voice coil.
Next, disconnect the antenna wire, and
connect the "hot" lead of the signal gen-
erator cable to the antenna terminal of
the Teceiver, Connect the ground lead
of the signal generator to the ground
post of the receiver [or to the chassis
if there is no ground post).

To make the alignment, tune the sig-
nal generator to a frequency of approxi-
mately 1400 kilocyeles., Tune the set's
dial Yo exactly the same frequency. Turn
on both the signal generator and the set,
and allow them to warm up for a few min-
utes so that they will become stable in
operation., Then adjust each trimmer, iIn
turn, until the output indicator gives
maximum reading. (Youwillnormally find
that these trimmers are mounted right on
the tuning condenser gang.) This usually
completes the job,

A few of the veryearly TRF receivers
did not have trimmer condensers. With
some of these sets it is possible to make
a rough alignment by varying the position
of the gang tuning condenser rotor plates
on their shaft, or by moving the leads
of the tuned circuit closer to or farther
from the chassis {thus changing the stray
capacities in the circuits}. Frankly,
such jobs usually take much more time
than the final result warrants. The
customer should purchase a more modern
receiver,

A few of the better early TRF re-
ceivers were designed tobe selective and
sensitive over the entire broadcast band.
Tc make this possible, not only do these
sets have trimmers that are used to make
the initial adjustments, but also the
last plate of each of the rotor sections

of the tuning condemnser is split or seg-
mented, 8o sections of the rotor plate
may be bent in or out at various points
over the tuning range (see Fig. 20}.

. ity

iy

L

Wt

FIGURE 20
illustrates the split rotor used in
the tuning condensers of both old and

This

modern sets. Forclarity, theend bracket
of the condenser has been shown in phantom.

This makes it possible to align the cir-
cuit at several frequencies cover the band.

To align this kind of receiver:
{1) Adjust the trimmers for maximum out-
put with the signal generator and re-
ceiver tuned to 1400 ke. (2) Rotate the
tuning condenser gang until only the first
rotor segment meshes completely with the
stator section. Retune the signal gen-
erator to give maximum output at this
frequency. (3) Bend the first segment
{the meshed segment) on the rotor of each
condenser section in or out until the
output indicator shows maximum voltage.
(4) Turn the tuning knob again until the
second rotor segments are completely
meshed, retune the signal generator for
this new setting, and repeat the adjust-
ments for the second segments on each of
the condenser sections. (5) When allthe
split segments have been adjusted in this
manner for maximem output, retune the re-
ceiver to 1400 ke., and readjust the
trimmers to compensate for any effect
caused by bending the rotor plates.

When you are to align a TRF re-
ceiver, be sure that you first give it =
thorough overhauling. Clean out all dust
and grime fromthe r.f. coils =2nd the tun-
ing condenser, and blow ocut all dust and
dirt from the chassis. Don't align any
receiver until all shields and shield
connections are in place, and don't ad-
just any trimmer condenser until you know
its purpcse. An important rule to re-
member in aligning TRF's is that the
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trimmers you are to adjust will always
be connected in parallel with the main
tuning condensers'and will usually be on
the gang condenser itself, Don't touch
any trimmer not connected in parallel
with thse gang tuning condenser; it is in
the cireuit for some purpose other than
alignment.

Neutrelization

At one time the neutrodyne receiver
was extremely popular, so you may still
occasionally get one to service. It was
one of the first TRF receivers to have
high sensitivity without being prone to
squeal or oscillate. Squeals, or oscil-
lation, was eliminated by feeding back
energy out of phase with that which would
otherwise cause oscillation. Therefore,
whenever such a receiver gets out of bal-
ance, or if there is any change in its
tubes, it may oscillate.

You can be sure a set is aneutrecdyne
if it uses tricde tubes as r.f. amplifiers
(screen-grid tubes made the neutrodyne
eirecuit unnecessary) and has trimmers on
the chassis that arenot in parallel with
the tuning condenser gang. On some re-
ceivers you may have toc look carefully
for a hidden neutralizing condenser. An
example is aseries of early RCA receivers
in which the neutralizing trimmers were
actually underneath the tuning condenser
gang., 1t was necessary to take the en-
tire gang off the receiver to reach a
neutralizing adjustment.

The alignment procedure for a neu-
trodyne is the same as for other TRF sets.
However, if the receiver is oscillating
or squealing, you must neutralize it be-
fore alignment, If the set isnot oscil-
lating, gc zhead with the alignment pro-
cedure until the set goes into oscilla-
tion, at which point you will have 1o
neutralize. The general neutralizing

- procedure is as follows:

1. Open the filament or heater cir-
cuit of the tube in the last r.f. stage
by unsoldering a supply lead from the
filament terminal on the tube socket.
(An alternate method is to place a small
section of an ordinary soda straw over
one of the tube's filament pins. Any
method which will allow the tube to be
placed in its socket without filament

voltage applied is satisfactory.)

2. Turn the receiver on. Bs sure
the disconnected tube does not light.
Tune the receiver to a local broadcast
station operatingon a frequency somewhere
near 1500 ke., or connect your signal
generator to the antenna and ground ter-
minalg of the receiver and tune both to
the same frequency near 1500 ke.

S. With no filament emission, this
one tube will have no plate current.
However, if theset is out of neutraliza-
tion, the signal towhich the receiver is
tuned can be heard from the loudspeaker.
This means that the signal 18 1 :ssing
from the grid to the plate (via inter-
electrode capacity} inside the cold tube.
This stage therefore needs neutralizing.

4, Adjust the neutralizing condenser
in the stage until the signal is at min-
imum volume or cannot be heard, then re-
tune the r.f. trimmer for this stage for
maximum value, and readjust the neuiral-
izing condenser forminimum volume, This
completes the neutralizing adjustment for
one stage, (IMPORTANT: Once astage has
been neutralized, do not change the tube
in that stage, otherwise you may have to
reneutralize.)

5. Turn off the set, and restore
filament voltage to the tube.

6. Repeat this procedure for ail
other r.f, stages, one by one, working
toward the antenna,

When you have neutralized all stages,
the set should not oacillate at any point
over the band. However, if you find that
it squeals at some other freguency, say
at 800 kec., after you have eliminated
the squealing at 1500 ke¢., you may find
it necessary to reduce regeneration in
aome other way, possibly by reducing the
plate voltage,

Sometimes a tube cannot be neutral-
ized properly. If you find a stage does
not respond to neutralization, and can
trace ogcillation to that stage, try an-
other tube in the stage, and check the
stage wiring carefully, Before you can
neutralize, all shields must be in place,
If there is any missing shielding, it
must be found or replaced.

Basic Superheterodyne Alignment

Introduction: In a TRF receiver,
most alignment was carried out at only
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oné frequency. In a superheterodyne, a
different case is encountered - a number
of different circuits are used and a
number of different alignment steps are
necessary. The general procedure for
aligning a superheterodyne receiver is
firset to align the i.f. amplifier by
feeding in an i.f. signal and adjusting
the i.f. trimmers (or coilcores) to give
maximum output at this frequency. Then
the oacillator and preselector sections
are adjusted to give maximum output and
to track properly with the dial.

The following general information
on alignment is presented to be used in
caseg where youdo not have manufacturer's
alignment instructions available. If
manufacturer's data onalignment isavail-
able, we sugegest it be followed.

The Mcdel 88 Signal Generator isde-
signed to have practically no notigceable
frequency drift as it warms up. However,
the average superheterodyne receiver does
drift slightly in frequency during the
first five or ten minutes of operation.
It is a good plan to allow sufficient
time for the receiver to warm up before
aligning. The signal generator may also
be turned on during this warm up period.

In some sets, movable iron cores
(called "tuning slugs™) in the inductances
may be used for alignment rather than
trimmer condensers, Therefore, where we
mention trimmer adjustments, if a re-
ceiver has "slug" adjustments, then the
iron cores are varied - basic technique
15 still the same.

First, learn the 1i,f. frequency of
the set to be aligned. There are
several waya that the i.f, freguency can
be determined. One way is to refer to
any information that may be on the set
chassis, inside the receiver cabinet, on
the i.f. transformer shield cans, or
mounted somewhere on the cabinet. OQc-
casionally, the small name plate or card
on which the model number of the set is
printed will also have the i.f. fre-
quency. If suchinformation isnot avail-
able, refer to the schematic diagram or
1o servicing data for this set as pub-
iished by the manufacturer, or refer to
any of the standard service manuals for
this data.

Findlly, if youare unable to obtain
the information from any other source,

you ¢an usually experimentally determine
the proper i.f, frequency.

Let us outline the methoed for ex-
perimentally determining the i.f, fre-
quency.

1. Connect the signal generator to
the input of the set - to the antenna
post and ground or to the loop antenna as
has been previously cutlined.

<. Connect the output indicator in
the proper part of the set, using the
methods outlined under that section.

3. Now, turn the "FUNCTION" switch
to "R.F. MOD.™; the "BAND" switch to po-
sition "A"; the "FINE ATTENUATOR"™ control
to its maximum position; and the "COARSE
ATTENUATOR" contrel tothe "HI"™ position.

4. Turn the signal generator main
tuning knob until the dial pointer is at
the extreme right-hand end of the acale -
this corresponds to the highest frequency
setting of Band A" - 550 kec.

0. ohort cut the oscillator section
0f the receiver's tuning condenser by
soldering a small strip of wire between
the stator and the connection to the ro-
tor plates, or to ground. Don't solder
directly to the stator plates, of course,
but to the lug connecting to the plates.
(A short jumper lead withsmall alligator
clips at each end can be used for this
operation. No socldering is then neces-
Sary. )

6. Tune the signal generator grad-
ually towards the lowest frequency
(170 ke.) on Band A. As you dothis, you
should find a signal comes through the
receiver which is louder at one point
than at any other. If this is near one
of the standard i.f. frequencies, use it
as the i.f. freguency of the set for
alignment. Youwillfind thatthis should
oceur at one of the standard freguencies
of 175, 262, 455 {or 458), 465, or 470
kiloccycles.

The receiver's volume control should
be in amaximum positlon when making this
test to determine the i.f, frequency of
the set., The tuning dial of the receiver
should be set near the low frequency end
(condenser plates meshed}., Once you have
determined the i.f. frequency of the re-
ceiver, youcan follow the general align-
ment procedure given on following pages.,
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The Basic Superhel Al ignment Technique

1. Plug in and turn on both the
signal generator and receiver - allow a
few minutes for them to warm up.

2. Connect the output indicator as
previously described. (With sets having
Aa.v.c¢., whenever possible use a high
resistance d.c. voltmeter to measure
a,v.c, voltage as an output indication,
as shown in Fig. 17.)

3. Set the tuning dial of the re-
ceiver to the low frequency end of the
acale,

4, Turn the set's vclume control to
its maximum volume position.

5. Short out the local ascillator by
soldering a short piece of wire between
the lug for the stator plates and ground
or rotor lug, or useany other convenient
method,

6. Connect the signal generator
"hot" lead o the antenna post of the re-
ceiver and the "ground™ lead to the
ground post of the set - or, if a loop
antenna is used, make the connections as
illustrated in Fig. 11 or 12. If the
receiver has an r.f. preselector stage,
it may benecessary to connect the signal
generator between the signal grid of the
converter, or mixer tube, and ground to
get an i.f. signal through the receiver.

7. Set the signal generator exactly
to the i.f. of the receiver - using the
"BAND™ switch to select the proper band.
{Normally i.f.'s are found on Band A.)]
Set the signal generator attenuator con-
trole until a suitable indication is ob-
tained on output meter,

8. Adjust the i.f. trimmers for
maximum reading on the cutput meter.
This would correspond to adjusting trim-
mers D, E, F and G in Fig. Z21.

You will usually find the i.f., trim-
mers on top, on the side, or at the bot-
tom of the i.f. transformer shield cans,
although there are a few early receivers
in which the i.f. trimmers are mounted
separately from the i.f. transformers.
{With the latter, you may have to depend
on the manufacturer's instructions or
trace the circuit to determine which
trimmers adjust the i.f, amplifier and
which are used for other purposes.)

In some sets, the output i.f. trans-
former (the one feeding the second

-—
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detector) mayhave only one trimmer. There
are also a few sets in which one trimmer
is mounted at the top of the can and the
other on the bottom, so be sure to look
carefully for two trimmers before de-
¢iding there is only one.

9. Repeat all i.f., trimmer adjust-
ments to eliminate the effects of any
interaction between trimmers,

If the i.f. transformers are very
badly out of alignment (usually due to
someone tampering with the trimmer ad-
justments), it may not be possible to
force an i.f. signal through the entire
receiver, It will then be necessary to
first align the i.f. secticn, one irans-
former at a time.

Start by connecting the output of
the signal generator between the control
grid of the i.f, amplifier tube and
ground (points l1and 2 in Fig. 21). With
the signal generator at the specified
i, f., adjust the trimmers of the last
i.f. transformer for maximum output. (If
the i.f. frequency is not known, set the
signal generator to one of the standard
i.f. frequencies, usually 456 kc., and
adjust trimmers, locking for a normal
peaking of the output. By experiment and
experience, you may be able to find an
i.f. which will work satisfactorily.)

When the i.f. amplifiers of the re-
ceiver have been properly aligned for max-
imum output indication, it 1s necessary
to align the "front end” (R.F., Mixer,
and Oscillator sections} of the receiver,

10. Remove the shorting connection
used to cut out the operation of the
Tocal oscillator and tune the receiver to
its highest frequency diasl setting.

11. Set the signal generator to the
same frequency. Then adjust the oscil-
lator trimmer for maximum output. (This
trimmer is usually located on the oscil-
lator section of the tuning condenser
gang, adjustment B in Fig. 21.) If the
receiver is badly out of calibration, 1t
may be necessary to tune the signal gen-
erator back and forth near the frequency
of the receiver, until a signal goes
through the receiver. Then the receiver's
oscillator trimmer can be adjusted until
the receiver and signal generator are
tuned to the same frequency, and maximum
output is obtained., At this point, it is
also & good plan to make sure that the
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receiver's dial pointer has not shifted
mechanically, and thrown the receiver
calibration off.

12. Tune the receiver and signal
generator to a frequency of about 1400
kec., and adjust the preselector trimmer

for maximum output (adjustment A in Fig,
21}. This trimmer is generally on the
preselector section of the gang.

% zi

onverter,
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frequency adjustment,

13. Make a low-frequency adjustment
by tuning the set and the signal genera-
tor to approximately 600 ke. Adjust the
low-frequency padder, adjustment C in
Fig. 21 {or the oscillator coil core),
for maximum output. When the maximum in
senslitivity is wanted, it is better to

use the following procedure, known as

-

L__ @

To AVC

FIGURE 21
Typical superheterodyne converter and i.f. stages.

ADJUSTMENTS:
"Padder™, D-E - Input I.F.

Some receliver aslignment instruc-
tions will tell you to adjust the oscil-
lator and preselector stages together at
1400 ke. This may prove satisfactory.
However, it is often possible to increase
the sensitivity of the receiver between
1400 ke, and 1600 ke. by peaking the os-
cillator trimmer at approximately 1600 ke.

IT the oscillator circuit uses spe-
cially cut tuning condenser plates {nor-
mally smaller in size then the r.f., sec-
tion of the variable condenser), there
will probably beno low-frequency adjust-
ment. You will be through with the
alignment after carrying out the above
procedure, However, if there is a padder
condenser {or if the oscillator coil core
is adjustable), you should make a low

A - Presetector Trimmer, B - Osciltator Trimmer, C - Oscillator
Trimmers, F-G - Qutput |.F.

irimmers.

"rocking.™

To make a rocking adjustment, tune
the signal generator to 800 kec. and leave
it set at this frequency. Now tune the
receiver to get maximum output, regard-
less of the dial setting. Note the exact
ocutput meter reading. Then, change the
setting of the oscillator padder condenser
(or of the coil core} slightly, and re-
tune the receiver for maximum output.
Notice whether the reading on the output
meter has increased or decreased, If the
reading increased, keep on changing the
oscillator adjustment in the same direc-
tion, tuning theset each time, until you
find the point at which you get the max-
imum output meter indication. If the
second reading is less than the first,
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change the oscillator adjustment in the
cppeosite direction, and retune the set,
keeping up the procedure unitil the highest
output reading is obtained.

This rocking procedure increases
the receiver sensitivity (at the sacrifice
of exact receiver dial calibration}, by
effectively tuning the local oscillator
and preselector simultaneocusly. {Chang-
ing the receiver dial setting tunes the
preselector, while the oscillator -is
tuned by the combination of padder ad-
justment and the dial change.)

1l4. Go back to the high fregquency
setting of 1400 or 1600 kc. and readjust
the oscillator trimmer formaximum output
at this frequency {if youmade any change
in the padder or oscillator ceil core
aetting). Then repeat the low-frequency
adjuastment. After one or two repetitions
of theseadjustments, the receiver should
track reasonably well over the broadcast
band, and the set should have maximum
selectivity and sensitivity.

Notice that thisalignment procedure
is not a matter of making one definite
adjustment, but is rather a back-and-
forth process., One adjustment affects
the other, so you have to make slight
changes in both to get the best possible
setting of the trimmers.

Additional Information

Where the receiver uses i.f. trans-
formers of the "band-pass™ or "high fi-
delity"” type, slightly different align-
ment techniqueswill beused, Also, where
"amplified™ a.v.c. ora.f.c, circuits are
used, a slightly different procedure is
necessary. For these gpecial applica-
tions, and for regenerative detector sets,
unaing regeneration in the gsecond detec-
tor, referto your regular NRI lessons or to
specific instructions given by the manu-
facturer of the set.

Some receivers may have a wave trap,
tuned to the i.f. frequency, either in
the antenna circuit as illustrated in
Fig. 22, or between the first r.f. ampli-
fier and the converter stage. In this
case, after other alignment procedures
have been carried out, the signal gener-

ator is set to the i.f. frequency of the

receiver {or to the frequency of the
wave trap if different from the i.f., of

the set); the output of the signal gen-
erator connected tothe antenna and ground
of the receiver; and the adjusiment car-
ried out for minimum indication on the
output indicator.

1
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FIGURE 22
Showing "Wave Trap"
in theantenna circuit,

In most casen, youwill find that no
wave trap isbeing used, and this adjust-

ment can be disregarded,

Multi-band Receivers

Where a multi-band superheterodyne
is to be aligned, the i.f. amplifier is
first aligned, using aconventional tech-
nique as outlined. You.can then turn to
the preselector and oscillator stages.
The all-wave receiver has, of course, a
number of preselector and oscillator
circuits - one of each for each wave band.
There are two major systems used forall-
wave reception, In one, each circuit has
its own set of coils, trimpers, and pad-
ders. In a set of this sort, the bands
can be aligned in any order - using the
previous outlined technique of adjusting
at the high-frequency and low-freguency
end of each band. In these cases you
would use signal genersastor readings cor-
reasponding to dial readings on the re-
ceiver. You can adjust the broadcast
band first if you want to,~ then skip {from
short-wave band toshort-wave band. This
cireult is illustrated in Fig. R23.

The other system uses a single set
of c¢oils for all bands. The coils are
provided with taps, and as much of each
coil is used for each band as is needed
to give the required inductance. For
example, the highest frequency band uses
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a single section of the coils. Since a
circuit tuned to a lower frequency re-
quires more inductance, the next highest
frequency band uses two sections of the
coils, and so on. A set with this ar-
rangement, known as the series coil con-
nection, must be adjusted from the highest

FIGURE 23
This is tha preselectaor
circuit of an all-wave
receiver using indepen—
dent tuned circuits for
each band. As vyou cap

L
<
1
<
> J_ s5eea, the coil and trimmer
T
1l
L

W

of &ach circuit are sap-
arate from those in all
the other Circuits. You
can align tha bapds of
such a receiver in any
% order you wish,

(000"
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frequency band downward. The setting of
the trimmers in each circuit affects the
capacities in the other circuits, and it
is i1mpoasible to compensate for this un-
less the highest frequency band is aligned
first. Refer to Fig. 24 for an example
of this type of circuit. Proceeding this
way, band by band, you will align the
broadcast band last,

If you have the manufacturer's in-
structions, they will 1list the adjust-
ments in the order in which they should
be performed, if the order is important,
However, when you do not have the manu-
facturer's instructions, you must either
examine the set carefully, determine which
type it 1s, or follow the general rule of
aligning the highest frequency band first
in all cases, working downward through
the low-frequency bands.

You may encounter some difficulty in
aligning a short-wave band if you make
an improper adjustment of the oscillator
high-frequency trimmer. As you know, a
superheterodyne should normally be aligned
so that the local oscillator frequency is
above the preselector orsignal frequency
by theamount of the i.f. If any band is

aligned so that the oscillator frequency
15 below the preselector frequency by
the amount of the i.f.,, the setwill still
play at the high-frequency end of the
band, but it will be impossible to make
i1t track properly at the low-frequency
end. To avoid this difficulty, do not
turn the ogcillator trimmer very far when
you are making a high-frequency adjust-
ment in a short-wave band that is reason-
ably well aligned. If the set has been
tampered with, or if you accidentally
turn the oscillator trimmer far away from
the original setting, make sure that the
oscillator frequency is above the pre-
selector frequency. Todoso, adjust the
set and your signal generator to a fre-
quency near the high end of the band and
run the o¢scillator trimmer adjusting
screw out slowly, being careful not to
bring it out so far that the condenssr
comes apart. If the trimmer has a wide
tuning range, you should pick up the sig-
nal at two different screw positions as
you back the screw out. If you do, leave
the screw at the outer position {the po-
sition that gives the trimmer less capac-
ity). This will make certain that the

FIGURE 24

Thizs is & typical use of 1

& series coil connecticn

inapreselector circuit. :EET

The shorting switch s =

part of tha wave-band o —

switch. When thisswitch |-
- -

is8 turned to position 1,
it touches the contact of
position 2 also; coils L2
and Lz are then shorted,
leaving only L1 to be —
tuned by condenser {r,
When the switch is turned
to position 2, coil Li
is shorted; coils L; and
L are then in series
and tunadby Ct. When the —
=witch is in position 3,
all three coils are in
aeries and tuned by Cr. 2 !
Te align this set, you
must turnthe switchfirst

10 position 1 and adjust -

Trimmer Ci1, then toposi- g C}HTT/ —
tion 2and adjust Cz, and H NG ;
finally toposition 3 and SWITCH =

adjust Ca.

oscillator is above the preselector end
frequency.

kRemember, in all these alignment
techniques, to keep the signal generator
output at an average or low value, unlegs
the set is so insensitive that consider-
able signal strength is needed. The
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purpose of this is to as nearly as possible
approximate the actual operating condi-
tions encountered,

IT SHOULD BE MENTIONED FOR THR
BENEFIT OF BEGINNERS, THAT IT IS IM-
PORTANT TO DETERMINE AN ACTUAL NEED FOR
ALTGNMENT, BEFORE ATTEMPTING THE PRO-
CEDURE. DO NOT LOOK TO ALTGNMENT OF
RECEIVERS AS A "CURE ALL."™ OFTEN A
WEAK TUBE, OR OTHER SIMPLE TROUBLE, WILL
CAUSE A 3ET TO HAVE WEAK RECEPTION. BY
ATTEMPTING TO REALIGN AN IMPROPERLY OP-
ERATING RECEIVER, YOU MAY BE ACTUALLY
MAKING AN EASY REPAIR JOB MORE DIFFI-

CULT.

Hints on Identifying Tr immers

When aligning all-wave superhet re-
caivers, it is sometimes difficult to
identify the varicus trimmer adjustments
on each band. I.F, trimmers can almost
always be identified, since they are
either in the ™i.f. cans™ or else con-
nected to the i.f, coills.

Where the oscillator and preselector
trimmers are hard to identify, proceed
ag follows:

1. Turn both set and signal genera-
tor on and connect the signal generator
to the antenna and ground posts of the
receiver as outlined under the general
alignment procedure,

2, Turn the band-switch of the re-
ceiver to the highest frequency band and
tune the set to the high-frequency end of
the dial. Volume control in maximum po-
sition.

3, Adjust the signal generator to
the same frequency as the receiver - use
a modulated r.f. signal and adjust the
attenuator controls until a signal can
be heard in the loudspeaker,

4. Use an insulated alignment tool
and carefully compress the various trim-
mers in the r.f, and c¢scillator stages,
Don't change theadiustments permanently;
simply make a temporary capacity change.

5. When you find that the output
Irom speaker becomes weaker as you com-
press a certain trimmer - but that the
dial setting is not changed, that is the
preselector trimmer for that band.

6. When you find that compressing a
certain trimmer makes it.necessary to re-
tune the receiver dial for peak output -

that is the oscillator trimmer for the
band.

7. Repeat this procedure on each
band ~ but don't touchtrimmers which you
have already identified. Once all trim-
mers are identified, use the alignment
techniques previcusly outlined,

Alignment of FM Sets

M sets, in general, use one of two
basic types of detector circuits. One
type is the conventional discriminator
detector, with limiter stages employed
ahead of the discriminator to eliminate
amplitude changes in the signal, The
other type employs a "ratio detector™
and no limiters are necessary, Slightly
different alignment procedures are used.

Let us first discuss the type of IFM
receiver using a limiter and a discrim-
inator.

It is standard practice toalign the
i.f. amplifier of an FM receiver bhefore
aligning the preselector and oscillator,
just as in AM receivers. However, the
i.f, alignment is somewhat unique in that
the i.f. section up to the input of the
limiter tube is aligned first, then the
output of the limiter and the input of
the discriminator are aligned as a sep-
arate step.

The limiter grid current is used as
an cutput indication when aligning the
i.f., r.f. and osc. sections, for two
reasons. First, the limiter grid current
varies directly with the signal strength,
so it gives anaccurate output indication.
Secondly, in normal operation, the lim-
iter should draw a grid current of 50
microamperes or more when stations are
tuned in to properly load the preceding
resonant circuit. We must measure the
limiter grid current during alignment to
be sure it is the normal amount, This
will insure proper loading and hence cor-
rect alignment of its input circuit.

A typical limiter and diseriminator
stage in an PM receiver is shown in Fig.
25. The output indicator should be a
microammeter having a range of about 120
microamperes. It is inserted in the grid
return circuit at the point marked "X"
and it should be by-passed by a .05 mfd.
condenser,

A vacuum tube voltmeter can also be
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used by reading the voltage dropped across
resistor R caused by the grid current.
With a normal signal, minimum vgoltage
screoss R should bhe at least 0005 times

FIBURE 25
Typical limiter anddiscriminator stages
in an FM receiver.

the resistance of R. (E = IxR} for ex-
ample, if R were 10,000 ohms, and 1 were
50 microamperes, then .0Q005 x 10,000, or
5 volts, would be a minimum value. The
positive meter lead 1s connected to the
chassis and the negative lead to the un-
grounded end of resistor R. For align-
ment, the signal generator is connected
between the control grid of the first
detector tube and chassis. The "hot"
lead from the signal generator cable will
connect tothe grid of the tube, Set the
receiver dial at the lowest frequency.
The local coscillator does not need to be
disabled.

The signal generator is tuned to the
i.f. resting frequency of the set; this
is generally 10.7 megacycles. Use an
unmodulated r.f. signal. Adjust thei.f.
trimmers for maximum ocutput meter read-
ing. Eeduce the signal generator output
if the grid current exceeds the range of
your output indicator., When you align
the limiter input circuit be sure that at
least 50 microamperes are flowing hefore
making final adjustment of trimmers cor-
respending to C] and Co of Fig. 2b.

If the i,f. amplifiers arebadly out
of alignment, soc thatlittle or no output
indication can be obtained, start with
the signal generator hot probe connected
to the control grid of the last i.f.
tube {the one just ahead of the limiter),
and then work back a stage at a time,
aligning eaoh stage as you go.

Finally, you can make an over-all
i.f. alignment from the f{irst detector

grid to the input of the limiter. Align
each trimmer for maximum current reading
on the microammeter or a maximum voltage
reading on the vacuum tube voltmeter.

When the i1.f. amplifier has been
correctly aligned, the output indicator
is moved from the limiter stage. If a
microammeter was used in the grid circuit,
close this circuit when the meter is re-
moved.

You are now ready to adjust the out-
put circuit of the limiter and the input
circuit of the discriminator, Leave the
signal generator connections and its fre-
quency setting just as they were for the
limiter and the i.f. adjustments. You
will need either a vacuum tube voltmeter
or a high resistance multimeter as an
ocutput meter. (1) Connect yocur meter
between point A and ground in Fig, 25,
with the negative probe at point A. (2)
Then adjust condenser C3 for a maximum
meter reading. (3) Remove the meter probe
from point A and connect it to point B,
so the meter is between B and ground.
(If the meter should read off-scale to
the left, reverse the meter polarity,)
Now, adjust condenser Ca for minimum
reading on the ocutput meter, Theoreti-
cally, the voltage between B and ground
should decrease tozero, If it does not,
the adjustment for minimum reading is
acceptable,

It 1s advisable to reverse the meter
connections as a final check, because the
voltage may have passed through zero and
actually reversed polarity. GSince many
vacuum tube voltmeters will not read re-
verse pelarities, you mayhave passed the
zero point without knowing it. A minimum
voltage between point B, and ground re-
gardless of meter polarity, completes the
i.f., limiter and diseriminator adjust-
ments, and none of these trimmers should
ke touched again.

The preselector and oscillator ad-
justments are made in the same manner as
those for the high-frequency bands on an
all-wave receiver. The output meter is
connected again as for limiter and i.f.
adjustments. R.F.and Oscillator trimmers
should be set for maximum readings. It
is standard practice to use the unmodu-
lated output of the signal generator when
making these ad justments. Manufactiurer's
information will usually specify
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frequencies for adjustment of various trim-
mers and padders, In general, trimmers
will beadjusted near the high end of the
band, and padders near the low end.

Since your signal generator covers
up to 60 megacycles on fundamentals, and
the FM band is 88 to 108 megascycles, it
is necessary for you to use second har-
monics of the "F" band when aligning the
preselector and oscillator circuits of
an FM receiver., You can do this quite
easily by simply turning the "BAND" switch
to position "F" and reading the "F"
scale.

Ratio Detectors

Where aratio type detector is used,
the circuit will probably be somewhat
gimilar t0o that shown in Fig. 26. 1In

L VeV ey

] ] !
= = = { -
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FIGURE 26
Typical FM ratio detector circuit.
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this case, the alignment procedure will
be as follows:

Two 10C,000 ohm resistors are con-
nected as shown by dotted lines, A vac-
uum tube voltmeter or high resistance
voltmetsr {not shown here) is connected
across these tworesistors. The receiver
dial pointer is set to the low-frequency
end of the dial (88 megacycles) and the
signal gemnerator set to the i.f. of the
recejver,

All trimmer condensers or "tuning
slugs™ of the i.f. transformers are then
adjusted for maximum output, except the
cutput trimmer In the ratio detector
transformer, Co in Fig. 26.

Repeat this step in case there is
interaction between trimmers.

Next, connect the high resistance
voltmeter or vacuum tube veltmeter from
the juncture of the two 100,000 ohm re-
gistors to the audio output of the ratio

detector - these connections are indi-
cated by dotted lines on the schematic,
Adjust the output trimmer econdenser {(or
iron core slug) on the ratio detector
transformer secondary for a zero meter
reading. {This is Co in Fig. 26.} The
meter should register reverse polarity
when the slug 1s rotated through a zero
output.

Once zero or minimum meter reading
has been obtained, the i.f. stages and
the ratic detector are properly aligned,
You can then align the oscillator and
preselector stages using the conventional
techniques previously outlined.

For an output indication when align-
ing oscillator and preselector stages,
the vacuum tube voltmeter or high resist-
ance voltmeter is connected across the
two 100,000 ohm resistors which havebeen
temporarily installed. Preselector and
oscillator adjustments are made formaxi-
mum meter reading.

Alignment Charts

Many manufacturers furnish, in con-
junction with their schematic diagram
and servicing data, a trimmer condenser
location chart and an alignment chart
which gives step by step instructions
for aligning the receiver. Most align-
ment charts are self-explanatory but we
feel that an example or itwo should be
given sc that you might be familiar with
them and their use,

A typical 6 tube superhetercdyne
receiver, the Zenith Model 63511 (635287 -
63528) is shown schematically in Fig.
2%7. The trimmer location chart that is
furnished in the service data for this
set is shown 1in Fig. £8. The alignment
procedure chart, referring to the trim-
mer condenser location chart, is given
in Fig. Z29. Note that a step by step
alignment procedure is given and 1in-
structions are given as to the proper
connections for the test oscillator
(another term for signal generator), for
the type of dummy antenna, and for the
setting of the signal generator (this is
referred to as the "Input Sig. Freq.").
The receiver band switch setting is given
along with the dial setting. "B.C." re-
fers to broadcast band and "S.W." 1o the
short-wave band of the set. The proper
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Corporation, is shown in Fig. 30. The
trimmer condenser and "tuning slug" lo-
cations are given on the chart directly
below the schematic.

trimmer condensers to adjust and their
purposes are indicated.
In most cases, the adjustment should

be formaximum output on the output meter,

m
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Zenith Models 6551, 68827, and 65528.

The proper alignment procedure to
use 1n this typical FM circuit is given
in Fig. 31. Although this is only an
FM tuner, without audio stages, the
alignment procedure is similar to that
for a complete FM set, using a ratio

Occasionally the adjustment is for mini-
mum output (there is such a wave-trap
adjustment in the second operation on
the chart in Fig. 29.}) The alignment
procedure 1s carried on operation by op-
eration, exactly as listed in the chart.

detector,

L G ven s B0 Note that this alignment chart also
Ghﬁﬂ ?Q @[‘*ﬁj _i'é'l Tt indicated the type of output indicator -

AN N ine 2 - EJ; to use; the proper meter connections: and

o c.2 ﬂfjj the adjustments to be made. It also

L “ Ao el R shows whether the adjustments should be

7 B I O | made for maximum or minimum output.

= FILOT | i Where complete manufacturer's in-

LIGHTS o structions are available, such as these

o G typical examples, the instructions should

(5402 owr) A e F oe carefully followed. Where such in-

? ‘3‘@* © @ 60)sb®o0 structicons age not available, the general

FIGURE 28
Trimmer Location Chart.

The schematic diagram for the FM
Pilotuner, manufactured by the Pilot Radio
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techniques that have been outlined here
and in your regular NRI Course should bhe
used.

In many cases, a manufactiurer may
specify that a vacuum tube voltmeter
should be used for alignment. In most

r



of these cases, a high resistance volt- follow a general technique of their own -

meter may also be used. Experienced the general technique being approximately
servicemen will often, even where de- the same as the procedure given by the
tailed alignment procedures are given, manufacturer, but with slight refinements.
! { Input
Qper- Conn. Test  Dummy Sig. Band Set Trlmmers
glon Oxc, to | Ant, Freq. : Dial At
1 | Converter Grid | .5 Mid. 455 Ke. B.C. 500Kc. | ABCD
[ | Ad!- inr
|2 ; i .5 Mitd. 455 Kc. B.C. | 600 Kc. E |  Minimum
1 1 [ Set Osc.
| Ant.-Gnd, | 400 Obm 18 Mc. 5.W. 18Me. | K To Scale
Ant.-Gnd. with .
1 10 Ohm Shunt -5 Mid. 1500 Kec. B.C. 1500 Ke. ¥
5 P o aa ar e T "~ e * 'G A“.qn ﬂ.llt-
Rock gang &
& ”» s . re §00 Kc. # EQD Kc. ]' Adi_ to Max.
]
7 I " " 400 Ohm 16 Mc. | S.W. 16 Mc. M | Align Ant.
|
Ze bAQ2 Courtesy of Zenith Radie Corporation
FIGURE 29
Alignment Procedure Chart.
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2T3=HT 27513 279+ 34

g ] A by e N S T

> - OR ALIGNMENT
ON POMER OnLY #
LwiTCH _ll. 1500 upk
10 ppf = 5513 L'_'LG_IE_'LB 2 W ‘EE*R L
g 1 T *r30421 - DS'H'
oTE
43 uf 40af 7 i
; E« 24-77 24-717 b2 3:? 4:5 SI 6 g Kns 000 A
75-19 a5 L PHOMO L £ 4_L CONDENSERS 400V
Q=13 V LINE CORD r BHT  LINE (NPUT QUIPUT UNLESS OTHERWISE
e ~A L 103-18 AHu T U7 TAAT A HDICATED
400 Y. ha-E
DRAWN BY_C-apis SHECAED 0Y Bl DATE o -vp - g PLOT RADIO CORP Lowg SLAMD GITY MT U S & DwO W0 Q- 58  MooEL we TaQ
g: Q#J."E DEI-IZEEC‘FDH PRI ig;:g - ﬁ‘_%‘ﬂé. 7 l MDICATED Oh LEFT ADJUST 4ALL TRIMMERS
Se 2NO|F PRI 10 7 M T:h-.,% e PE —_ FOR MaxY DL OUTPUT ACROSS 33Kgr REQSTOR
g3 15T |F SEC 107 MG [ —g IN GALS CHRCUIT
56 ATIF FRL 10T MG ' ATO ALIGN SECONDARY OF RATIO DETECTOR
L: ggg ;igggn Ig% EE SE_'"E;, E 'C-' 32 UPPER m COMMECT METER AS WNDICATED IN SCHEMATIC
Ts ANT TRIMMER 106 ME o ' ! Q — jleﬂwEHr = - RND ADJUST S5, FOR  ZEROQ DUTPUT
Pig R.F. PADDER 90 M 00— =4 T UNDERSIDE Sy 'sg
FIGURE 30

Schematic Diagram of FM Pjlotuner.
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For example, servicemen do not
usually use a dummy antenna. #urther,
where the manufacturer's instructions
may specify the use of one type of out-
put meter {a.c. voltmeter with condenser

defective stage consists of injecting or
inserting asignal at agiven point in the
receiver froma known source,
can be used to track down trouble through-

out the receiver,

This method

in series}, the serviceman may prefer to Checking a "dead receiver®: For
measure a.v.c., voltage with a d.c. example, if the set is dead, set up the
voltmeter, signal generator so that an audio signal
| CIRCUIT 1reol DiaL MERAL SFN. METER | METER CONNECTIONS | ., TRIMMER GR PROCEDURE |
ALIGNED POINTER FREQ. | CONNECTIONS SLUe ADJUSTWMENT
IF i BEme | 10.7 me | Through .01 mid. | YTYM Acress two 00K rasistors - 82, 51, Adyust for maximum oul-
cap. to grid of | or high | —indicaied by dotted 54, 53, put
HBES resistance | lines in schematic Sé, 55
voitmeter
2 Repaat Step Mo, |
. YIYM Frem: Junction of two Adjust LT |
. : just meter {0 zero
ﬂfif;?nr 3 88 me [ 10.7 me| Same as No. | or high | 100K resistars S {Check proper zero seot)
resisfance | TG, Audio output of Metar shoutd register re-
voltmeter | roviy datactor. Connec- verse polarity when slug
tions indicated by doi- is retated through zero
ted lines in schematic. output,
_ Throughcarbon| VOVWM | |
Oseil- 4 0 mc | 90 me | 300 ohm resistor | or high Same as Stap Me. | Pa Same as Stap Mo. |
lator ta Ant. Terminal } resistance
voltmeter
YTVM
5 106 me | 1I0A me|{ Same as No. 4 or high Sams as Mo, | T? Same as MNo. |
rasistance
| volimetar
b Rapaat Steps No. 4 & 5 l
N VTVM [
7 Wme | 0 mc| Sams as No. 4 ar high Samas as No. | P10 Sama as No. |
rasistance
RE voltmeter
YTV¥YM
I 8 I0dme | 10bme| Same az MNo. 4 or high Sams as No. | Te- Same as No. |
rasistance J
E_ — voltmeter
FIGURE 31

FM Pilotuner Aliganment Chart (Follow sequence as indicated.)

You will find, as you gain experi-
ence working on different types of sets,
exactly what type of servicing procedure
you like to follow, and will rely upon
manufacturer's instructions only for un-
usual sets or for some types of multi-
band receivers.

Use of The Signal Generator in Servicing

Perhaps the greatest use of the
signal generator {outside of alignment)
igs when the "signal injection™ method of
trouble shooting is used. The signal
injection system of isolating the

'

is produced, This audio signal is fed
to the grid of the output tube. If a
pentode orbeam power output tube jis used
(as inmost modern receivers), you should
be able to hear a signal from the loud-
speaker with the signal generator set for
maximum audic output, If you can hear a
signal, this probably means that theout-
put stage, output transformer, receiver
loudspeaker and receiver power supply are
functioning normally. If so, transfer
the "hot™ lead of the signal generator
to the grid of the first audio amplifier
tube andcheck for an audio signal in the
recelver's loudspeaker.
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However, if there isno audio signal
from the receiver's loudspeaker with the
signal generator connected between con-
trol grid and ground of the output tube,
it indicetes trouble either in the out-
put stage, the output transformer, the
loudspeaker, or in the set's power sup-
ply. A check can be made on the set's
power supply quite easily by checking
for operating voltages. The loudspeaker
can be checked by substituting another
speaker or making ohmmeter tests.

Assuming the receiver is working
normally from the output stage through
to the loudspeaker, the audio signal
should be injected at the grid of the
1st., A.F. amplifier. Set the receiver's
volume control in the maximum position.
For a given setting of the signal gener-
ator "FINE ATTENUATOR" and "COARSE ATTEN-
UATOR," you should note that the audioc
signal becomes louder. If it fails to
do 80, it indicates that you are losing
rather than cbtaining gain from the lst,
audio amplifier stage. Check for a bad
tube, open plate load resistor, or open
coupling condenser,.

This procedure can then be carried
on through the set, working from theout-
put stage toward the antenna. When check-
ing the last i.f, amplifier stage and the
detector stage, a modulated r.f. signal
at the receiver's i.f. frequency’'is fed
to the signal grid of the last i.f. am-
plifier tube. If the receiver seems
normal at this point, the test signal can
then be transferred to the grid of the
preceding i.f. amplifier stage. When a
signal can be obtained through one stage
and not through the preceding stage (work-
ing toward the antenna), the defect has
been isolated between the last two test
points where the signal was jnjected.
Check operating voltages and test compo-
nent parts between these two test points
until you locate the defective part,

If the i.f. amplifier section seems
to be normal, check the mixer, oscilla-
tor, r.f. and antenna circuits. First,
connect output of signal generator be-
tween signal grid and ground of mixer
tube, with signal generator still set at
the receiver's i.f. frequency. If a
fairly strong signal comes through the
receiver, the mixer stage is apparently
operating, but the local oscillator may

. be set at 1456 kec.

not be oscillating. In this case, the
conventional test is to check for d.c.
voltage across the oscillator grid
resistor,.

In some oscillateor-mixer c¢ircuits,
however, no oscillator grid resistor is
present. Feedback may be obtained De-
tween plate and cathode circuits or be-
tween screen grid and cathode circuits,
In a case like this, a check on the local
oscillator operation can be obtained by
attaching the antenna to the receiver and
turning the dial of the receiver to the
frequency of a local broadecast station.
If the local oscillator is dead, nothing
will be heard through the receiver's
loudspeaker,

Now, tune the signal generator tc a
frequency equal to the frequency of the
broadcast station plus the i.f. of the
set. The "FUNCTION" eswitch of the signal
generator will be set tothe "R.F. UNMOD."
position. This unmodulated r.f. signal
ig fed tothe grid of the converter tube.
If you now hear the broadcast atation
coming through the receiver, it is al-
most certain that the local oscillator is
not working.

You have actually substituted the
oscillator of the signal generator for
the local oscillator inthe receiver. As
an example of the proper frequency to
use, if the i.f. of the set is 456 kc.,
and the frequency of the local station
1000 kec., then thesignal generator would
This is on Band B,

Checking a "weak" receiver: 1If a
receiver is weak, you can get some idea
where signal strength is lost by using
the stage-to-stage technique just out-
lined for locating trouble in a dead re-
ceiver. Starting at the contrel grid of
the output stage, set the "FINE ATTENUA-
TOR™ and "COARSE ATTENUATOR" control so
that a very low output indication is ob-
tained, or so that the signal can be
barely heard. Then, as you work back-
wards through the set, you should note
an increase in signal each time you pro-
ceed to the input of an amplifying stage.
If you do not obtain an increase in out-
put for any one stage, but find that the
signal disappears or that there is a de-
crease, this indicates that there is a
loss rather than gain in that stage.
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For the accurate measurement of stage
gain, a fixed amplitude input signal
should be fed to the receiver from the
signal generator and a tuned type signal
tracer, such as the Model 33 NRI Profes-
sional Signal Tracer used to follow the
signal from stage to stage.

Modulation Hum: A signal generator
is often useful for checking "modulation
hum" in a set. Modulation hum is recog-
nized by the fact that hum occurs when
the receiver is tuned to a station, but
no hum is present when the receiver is
tuned off the station. To locate where
modulation hum is introduced, proceed as
follows:

1. All tubes should be checked for heater
to cathode leakage and grid circuits
should be checked for opens. Either
heater tocathode leakage or an open grid
¢circuit might cause "hum modulation.™

2., Pick up 2 local broadcast station
with the receiver on which you hear mod-
ulation hum. Measure the a.v.c. voltage
developed across the diode load resistor
with modulation hum present. Now, as you
check from stage tostage in the following
steps, adjust the signal generator out-
put with the FINE ATTENUATOR and COARSE
ATTENUATOR controls until at least the
same a,v.c,voltage ismeasured, Thiswill
insure that the test signal is of suffi-
cient amplitude to cause modulation hum,
3. TFeed an UNMODULATED R.F. SIGNAL into
receiver, starting at the last i.f. stage
and working toward the antenna. Use the
propser frequency tofeed through the set.
For example, when checking the i.f.
8tages, use the i.f., of the receiver.
(The receiver should be tuned so that no
station is being picked up.)

4, The stage at whiech you first notice
the hum coming through is the stage that
18 defective and this is where the modu-
lation hum is being introduced. Check
component parts in that stage until you
locate the defective part.

Intermittent Trouble: The signal
generator can be used to some extent to
find the trouble in an intermittent set.
It is difficult to feed from one stage
tc another while the intermittent is in
progress, as the voltage surge due to
connecting the signal generator might
clear up the defect. The best way to use
the signal generater on an intermittent

trouble is to make a permanent connection
to the receiver and wait for the inter-
mittent to occur.

To use the signal generator in serv-
icing an "intermittent™ set, feed a2 modu-
lated r.f. signal through the receiver
from the antenna. Connect the d.ec. volt-
meter toread the receiver's a.v.c. volt-
age. Note the amount of a.v.c. voltage.
Turn up the set'svolume control until the
audio note can be heard in the speaker.

Leave the set and signal generator
operating until the intermittent condi-
tion occurs. When the set goes dead,
immediately check for a.v.c. voltage at the
meter. If the a.v.c. voltage has not
¢changed, the trouble is inthe audiostages.
If there is noa.v.c. voltage present, the
troublie is in the r.f. or i,f. stages,
You have thus effectively isclated the
trouble to one section of the receiver.

This procedure should be carried
out after the conventional "brute force™
test has been made. To use the brute
force test, a pair of long nose pliers
is used to wiggle each part and connec-
tion inthe set, looking for a particular
part which will cause the intermittent
condition to occur. That part is defec-
tive and should be replaced. TIf the de-
fect is due t0o a loose connection, the
connection should be resoldered.

For further information on using a
signal generator in servicing, refer to
your regular NRI Course.

PCINTER FOINTER POTINTER
BAND POSITION POSTITICON POSITION
X Y 2
A 197 ke. 592 kc, 516 kc.
B 622 ko, 1210 kc. 1562 ke.
C 1.9 mc. 3. 68 mc, 4,75 me.
D 5.38 mc. 10,65 me. 14.2 me.
B 16,7 mc. 26.1 me, 29.4 mc.
F J4.1 mec. H3 me. o%. 7 me.
Fy 68. 2 me, 106 mc., 119.4 mc.
FIGURE 32

Correct readings for the three pointer
positions indicated on the signal gener-
ator scales in Fig. 4. When the pointer
ls between twodivision lines, it is nec-
essary toestimate its position. |1f your
estimate is fairly close to the corre-
sponding value gfven here, it canbe con-
sidered satisfactory.
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