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ALIGNMENT

Donald L. Milbury
16421 East Burtree Street
Valinda, California 91744

If it'’s a sick GE
you can HEAL IT

...if you do it RIGHT!

DON MILBURY W6YAN

Aligning an FM receiver is a great deal more
complex than getting the oscillator on frequency
and peaking the various stages toan on-channel

signal. Yet this is precisely what many ama-
teurs -- and, unfortunately, many commercial
service technicians -- actually do.

When an FM receiver is tuned up using this
procedure -- we'll call it the "tweak' method
-- the technician is making a number of raw
assumptions which may or may not be valid.
First, he's assuming that the low i-f's and the
correctly aligned to their
respective frequencies. Second, he's assuming
that the sealed bandpass filter is properly tuned
to its design frequency.

discriminator are

The latter can gener-
ally be a safe assumption, even though it is not
uncommon for these filters to change or shiit
a bit in frequency as a result of excessive

vibration or shock or other abuse.

What happens when the tweak method is used
for tuneup? It is, admittedly,
dirty process by which a receiver can be made
to operate, The brutal truth, however, is that
the primary receiver qualities of selectivity,
The
tweak method is an optimum compromise of the

a quick-and-

sensitivity, and stability are interrelated.

three based on the initial setting of the second
converter and the low i-f circuits,

Selectivity (and gain, of course) is broadly
determined by the number and state of the tuned
circuits in the receiver chain, from the anten-
na, itself, to the discriminator, Each frequen-
cy-sensitive element adds somewhat to the
selectivity and affords at least some degree of
gain, An important point is that each of these
elements must be cente red on the frequency of
operation. To assure proper tuneup of a re-
ceiver, the selective circuits (rf, high i-f, and
low i-f} must be aligned so that desired sigrals
can pass through the center of each selectivity
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curve, Egqually important, the configurations

of the various curves must conform to their
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sketch, the center line represents an incoming
on-channel signal, The flowing V at the top
is the discriminator slot. The low i-f passband
is the steep-sided peak with the broad plateau
across the operating frequency. The broader
curve with the sharper arc in the frequency
range of interest is the selectivity curve of the
high i-f. The rf amplifier and antenna are
shown as low broad arcs. The curves are
plotted as bandwidth (horizontal) versus gain
(vertical).

At this point, it would be wise to say that i-f
alignment usually isn't necessary unless:

e A component has been replaced in
an i-f filter;
The circuits have been subjected
to tweaking without proper test
equipment,

Unfortunately, the latter is more usually the
case with amateur FM equipment. No amateur
should ever try to tune up an FM receiver un-
less he has a schematic diagram of his equip-
ment so he will know where NOT to tweak.
Even in commercial service, the most common
source of i-f misalignment is unnecessary
tweaking onthe part of an incompetent or inex-
perienced serviceman,

Realignmentis usually required if the i-f pass-
bands are not centered on the incoming signal
of interest, if the passbands are asymmetrical
(not the same on both skirts), or if the bandpass
is too narrow. The presence of high impulse
noise on weak signals is one symptom of an off-
frequency passband. This is due to the fact
that the ringing frequency of the filters is not
coinciding with the discriminator center fre-
quency. An even more apparent indication of
this type of misalignment is 'choppingout" of
signals or undue distortionof signals whichare
being deviated at a near-maximum level. The
chopping-out effect is the sudden vanishingof
a strong signal with each voice peak.

Off - frequency filters also usually produce a
high discriminator '"idle" reading. If an inex-
perienced tweaker has been at work, though,
he has probably already compensated for this
condition by changing the discriminator to get
a zero indication -- and thereby throwing the
receiver even further out of alignment,

So, what do you do when you're certain your
receiver needs alignment? The firstthingis to
be doubly sure. If you've no doubts, then get
a signal generator and start warming up the
receiver. If your receiver is equipped with
AFC, disable it. Set up the signal generator
to produce a stable signal onthe operating fre-
quency, and keep it well below the limiter sat-

uration point.

For units which use double-coil i-f transfor-
mers {such as GE and DuMont), the resistor
loading method is perhaps the most effective
means for obtaining a good receiver alignment,
This procedure is a bit complicated but not too
difficult. Remember to keep the input signal
dead on frequency and below saturation, Tune
each stage to the exactpeak as described below,
then repeat the entire sequence,

The response of an i-f transformer changes
with the loaded Q of its resonant circuits. By
loading one of the coils with a resistor, its
response is lowered to a nonresonant point,
The undercoupled coil can then be tuned for
maximum deflection of a meter on the first
limiter. If the coil is coupled to other coils
immediately adjacent to it, both adjacent coils
must be similarly loaded.

The value of the resistor must be low enough
to produce a sharp peak during tuning, but not
so low as tomake precise tuning difficult., (The
lower the resistance, the broader the peak.)
Keepthe resistor leads short enough to prevent
the introduction of stray capacitance into the
circuit; and peak one coil at a time,

There are other methods for alignment, but the
above procedure is probably the most satisfac-
tory for the amateur, where the preponderance
of such test equipment items as oscilloscopes
and sawtooth generators are the exception
rather than the rule.

If the discriminator needs adjustment and you
are set up with a crystal-controlled i-f gener-
ator of some kind, you're in business again.
(The generator must be capable of holding a
test signal to within 100 Hz of the low i-f fre-
quency.) The procedure described here is not
applicable to all discriminator circuits, but is
ideal for receivers using Foster-Seeley dis-
criminators (GE and DuMont again).

First, monitor the discriminator current with
the proper testmeter (0-50uA for DuMont, and
0-2.5V for GE). If possible, disable the second
oscillator to prevent receiver ''garbage' from
causing erroneous readings. Apply a low i-f
signal to the first-limiter input and adjust the
signallevelto saturate the second limiter. Then
tune the secondary of the discriminator trans-
former for a near-zero meter reading, and re-
peak the primary.

Move the test signal 10 kHz above the low i-f
and note the reading; then move it the exact
same amount below the i-f. If the readings
don't deflect the meter the same each side of
zero, adjust the primary until equalization
occurs. You'll have to rezero the secondary

(cont. on page 46)
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have adoptea a

Here

peneral set of self-policing
are a few of the more typical

P

rules.
ones:

The government has conditions and rules, too.
They are too numarous to list but they are not
the least hard to live with, For the moat part,
the Forest Service's rules are based on the
lessce's use of pood common sense and sound
A few of the typical fire rules are
shown in fipure 3, Fipure 4 is a photocopy of
« typical Forest Service amateur radio pe rmit.

judgment.

1f you have your eye on i good spot of national
forest land in your own area, it might pay off
to check with the nearest USDA Forestry office.
If there is none locally, write to:

U. S. Department of Agriculture
Forest Service
Washington, D.C.

CORRUGATED
1> SHEET METAL

l
e

XMT-RCV
ANTENNAS

401t
STEEL TOWER

sketch of remote site.

e Stay away from the site unless
absolutely necessary. When a
visit must be made, don't go in
a larpe proup. (Most forest
installations are in closed,
high-fire-hazard areas; exces-
sive visits make forestofficials
nervous. )

e Leave no giates or entranceways
unlocked.

e Keep the site cleaned and the
grounds policed. Remove all
weeds and brush within 30 feet
of building.

o Protect the forest; discourage
trespassers. Report all viola-
tions to the ncarest Forestry
office.




JOHNSTONE RADIO SITES

The following fire plan will become a part of the above designated permit:

1.

A1l federal, state and county fire regulations and ordinances

pertaining to the operation of a radio relay site shall be camplied

with by the permittee.

2.
spark arrester,

3.

A1l internal combustion equipment shall be equipped with an spproved

K11 buildings and structures shall be cleared of all flammable and

combustible material for a distance of 30 feet.

on the inside at all buildings,

No smoking will be allowed exoept in designated areas,

A 5-1b, dry chemical or 20-lb, 002 fire extinguisher shall be placed

The designated

area for your site will be the interior of building only,

No open fires will be permitted.
A permit shall be obtained for all welding and/or cutting operations.

8. 1In the event of fire on the area, or sdjacent thereto, the permittee
shall immediately notify the Forest Service and take reasonsble aotion
%o suppress all such fires and to remain with the fire wtil relieved

by the Forest Servioce,

FIGURE 3. Typical Forest Service fire rules for amafeur leasing
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SPECIAL USE PERMIT
s o Jume 4, 1497 o Kebraney 15, 1101
1 perant is revocadle and aoarranslerabie

October 26, 1965
R ST

Wt. Baldy

Angeles

" ttornte

Permission is hereby granted to _KENDALL . SESSIONS, JR., and FREDERICK W. DANIEL
L84 Fmmona Flace T
______ om Afomte
ter called the permitiee, to uae subject to the conditions set out below, the following deseribed
iands or improvements

.Yoim use of & site located in the )ue
est land on
n. 9 ¥, S.BN.

.nwen.

the &rd gii of

al, bullding vhich 1s on
of Section 23, T. 1 M.,

This permit covers space in

The Richard P. Boven, et &l bullding and antenna equipment  Tequired for the purpe
of installing, operating and maintaining an ameteur radio i

- The exercise of any of the privileges granted hereby constitutes acceptance of all the conditions of
is permit,

1. In consideration for this use, permllln shnl! pay to th: Forest Service, U.S. Depll"-m!rll of
i ang 20D 25 o the period
oo hermattes

rs (§.__6e _
L1965

Agriculture, the sum of
from __Qc tobs
annually on _ Jenvary 1 _
_Iventy=tive sud 5o/100 - === Dollars (5__
Provided, howeuer, Chargen for this use may be made or readiusied whenever necesaary 0 piace ¢ e
charges on a basis commensurate with the value of use authorized % this permit

T

et (e e

2 ‘cupancy and use urvler this permit shall begin within months ar.
construction, if any, shall be gompleted wi months, from the am of the permt.
t

TN ehalinn
use shal ually exercised at Jeast - 365 days each year. uniess othersise suthorized
writing.

4.

pixns; layout plans i tion of or

revision of layout or construction pians for this area musl be lyprn\ed in sdvance and in writing by the

{oremt pupervisor. Trees or shrubbery on the removed or destroyed only after
the forest officer in charge has spproved, an o therarae deaignated that which may

remove evtroyed. Trmmbes et op destroged it L pard Tor by the permaiies o folows Merchanisbie

timber at appraised value; young-growth timl low merchantable size at current dsmage appraisal

FJed that the Forest Servioe reserves the right to dapose Of the merehantable timbar to sthars

than the permittes at o stumpage cost to the permittee. Trees, shrubs, and other plants may be planted

in such manner and in sich places about the premiscs as may be approved by Lhe foreat officer in charge.

’Y

4 The permitteo shall maintain the imj tovementa and pre ..q. to standards of repair, orderliness,
Beatness, sanitation, £ty aceeptable to the foreat ofcern hur
5. This permit s subsect 10 al valid clrrna,

deges granted by this permit, shall comply with the regula-
all Federal, State, county, and municipal laws, ordinances,
e ppheable to the area or oper
Ll ceasonadle precautions to prevent and suppress forest
r* in oper, firea during eaiablished e or nm..
e fores offcer in charge of his luthorucd

© I and property of the
Ferit, and 1l py e Uil Stat fot ans
o o1 Trom, th violstion of £ tirma of ths pormit or of ahy W o 16gu.
ts by the rmm«, or by any agents or employees of the permitice
sgency or emj
m« shall fully rzpmr lll dlmll! nthvr than Drdmlry wear and tear, to national forest
ronds and tradl caused by the permifiee in e exeisac af the pr ted by m. s perm

10. No Member of or Delegate py Comarens Commu-wn y
or part of this agreement or 10.4ny benels that may Arise hererrom uieas it s mage with o mrwnmn Tor
a "gemeral beneAt

11. Upon abandonment, termination, revocation, or cancellation of this permit, tee shall
remove within a reasotable time all structures and Improvements except those owned hy jigisn States,
and shall restore the site, unless oth writing or in thia permit _If the permittee fails
o remove all such atructurea or mprovements withio & Tensonable period, they shal becomme fhe property of

tates, but that will not relieve the permittes of liability for the cost of their removal and
Tesiorabion of he site

12. This permit is not transferable

enforcement of cantract, foreclos or other valid Jegs
the physical improvements other by the United Seates
this ermnit and is unable 1o furnish adequste oot of abiity 10 rederr or
wid llnprovemenl.l this permit shall be subjoct to cancellation.  But if the person to whom title t said
mprovementa shall have erted in sither maaner sbove provided nd is
willing it s future occupuncy of she premiies ubjec 2 sath mew conditions snd supulations as
xisting or prospective circumstances may warrant, i contimaed occupsncy of the premises may be uthor-
by permit to him if, in the apinion of the issuing officer or his successor. issuance of » permit ia desir-

case of change of address, the permittee shall immediatety notify the forest supervisor.

1€ ths permittee hrough voluntary sale or transter, or through
sale.

he p: ten approval of the forest supervisor but
it Tor comptiunce with R condians af permit by persons to

X rmigated upon breach of any of the conditions herein or at the discretion of
the regions| Torente on-the Chioh. Faseat
6. In the event of any conflict et nny 0 he preceding printed clauses or sy provision thereof
and any of the following clauses or any provis ons thereof, the preceding printod clauses Wil co
1 pemm is accepted subject to the umdmom set forth above and 86 conditions L
tached hereto and made a part of this permil

o

o7 261563 GUs. R, oo

u/m@ Reglonal mch

[l

FIGURE 4.

Photocopy veduction of Toresivy permit.




SPECIAL FEATURE

THE TRANSISTORIZED POWER SUPPLY

If someone were to ask you to name the
chief advantage of a transistor pack over
a vibrator power supply for mobile use,
how would you answer? If you were to
cite efficiency as a prime advantage,
you'd be wrong! The little-known fact
is, a transistor supply is typically no
more efficientthan a well designed vibra-
tor supply of the same overall rating.

The conversion efficiencies of both stan-
dard supply types are generally in the
vicinity of 70%. Conversion efficiency
percentages in the high nineties can be
attained with transistors, of course,
but such supplies arenot generally avail-
able because of their inherent extra cost.
They require employment of more than
one transformer in the switching circuit.

The transistor supply is still superior,
however, for a number of very sound
reasons, To name but a few: simplicity
of design, miniaturization of circuit,
longevity of components, availability and
economy of transformers, inherent cir-
cuit protection, and enhanced reliability
under the most adverse of environmental
conditions,

Design Simplicity

The average transistor power supply
(referred to industrially and commer-
cially as a dc-to-dc converter) employs
a very simple switching circuit which
comprises nothing more than two inexpen-
sive transistors, a couple of resistors,
and a special transformer with an added
feedback winding.

Since there are no moving parts, very
high switching speeds can be attained; the
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higher the speed, the less filtering is
required. Switching frequencies of 5 kHz
are by no means uncommon. Motorola's
MOTRAC series of commercial FM units
uses power supplies with a 5 kHz switch-
ing frequency.

The components of a medium-power dc-
to-dc converter are usually small enough
to allow mounting on an already existing
chassis. (See "Duplexing Your 450 MHz
Mobile, " by Jim Mann, thisissue.) This
is a particularly attractive feature when
the mobile equipmentis a trunk-mounting
unit, There is usually ample space on
the power supply chassis of a trunk-
mount rig to accommodate at least an
add-on receiver supply, even without
modification of the unit's built-in vibra-
tor power source. The existing chassis
normally provides an excellent means
for dissipating the excess heat generated
by the power transistors because of the
large surface mass. If a special chassis
is required, it can be made quite small.
It must be borne in mind, however, that
power transistors must have adequate
heat protection. Thus, a small chassis
usually means that an external heatsink
must be employed.

Miniaturization is also enhanced by the
increased switching speed. As the ac
supply frequency increases, the trans-
former size requirements diminish. At
a switching frequency of 5 kHz, the size
of a medium- to high-power transformer
is impressively tiny indeed., A trans-
former capable of delivering 200 watts
will fit nicely in the palm of your hand
and will easily weigh less than a pound!



Since filtering requirements are also
reduced, capacitors on the secondary
cah be made smaller. In most cases,
filter chokes and other reactor devices
can be dispensed with entirely.

Longevitz

The prime disadvantage of a vibrator as
a switching source is that it isa mechan-
icaldevice. A vibrator reed may operate
without‘signiﬁcant degradation for sever-
al million cycles; eventually, invariably,
inevitably, however --- it fails. The
constant make/break under load causes
unavoidable pitting and arcing, and the
contacts simply wear out.

The transistor is infinitely superior in
this respect: it has no moving parts,
Transistors cause switching by alter-
nate electrical conduction, so they are,
in theory, able to last indefinitely.

Not being magic, of course, transistors
are subject to failure just like any other
circuit component, but failure of a tran-
sistor ina welldesigned circuit is almost
always indicative of a serious problem
elsewhere.

Availability/Economy of Transformers

Thereis less massto a transistor trans-
former than to a comparable vibrator
transformer. The reduction
mass is made possible by the increased
operating frequency. It goes without
saying that a ten-ounce transformer will
be less costly than a two-pound equi-
valent. Mass production of high-fre-
quency transformers has
lower costs;

in core

resulted in
and increased competition
among the manufacturers is likely to
keep them down for a longtime to come.

Circuit Protection

A direct short circuit in an unfused
vibrator supply would very likely cause
irreparable damage to the vibrator and
perhaps the transformer. The transistor
supply, on the other hand, has the unique
capability of "sensing" a short circuit.
When a dead short occurs in the secon-
dary of a transistor power supply, the
semiconductors in the primary simply
cease to oscillate; and withoutoscillation
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there is nou switching, When the short
is removed, normaloscillation resumes.
It is true, of course, that transistors
can be destroyed under some circuit
conditions. A partialshort, forinstance,
which causes excessively high current
drains for short periods,
junction breakthrough on the transistor.

can cause

If sucha problem is suspected, however,
transistor destruction can frequently be
averted by carefully studying the tran-
sistors during operation. With medium-
power converters, indications of abnor-
mal operation are: (1) The heatsink
temperature rises to the point where it
cannot be touched for more than a few
seconds at a time, and (2) the "singing"
frequency of the transformer shifts or
decreases appreciably with no external
changes in input voltage or output load.

Reliability

Much of the preceding discussion has
included facts which bear out the inherent
reliability advantage of a transistor
supply. But there is yet another area
of reliability which should not be over-
looked: the ability of transistors to
withstand wvirtually every climatic and

vibration environment likely to be
encountered in mobile service,

Winter and summer are without meaning
to the sturdy transistor, which requires
only an adequate sink to keep its own
junction temperature to a comfortable
level. of today's advanced
technology, the transistor is likewise
impervious to physical shock,
pact that would render a vibrator totally
useless wouldn't be likely to even cause
the average transistor to so much as
skip a beat.

Because

An im-

Application

The numerous advantages notwithstand-
ing, a transistor supply doesn't usually
offer enough of an edge to warrant modi-
fication of anexisting piece of equipment
to incorporate it in the unit, There are
occasions, however, where addition of a
transistor supply is the only logical
solution to an existing problem. Jim
Mann's article in this issue is a case in
point,



DUPLEXING YOUR

Jim Mann

Mann Communications
18669 Ventura Blvd
Tarzana, California

a50 VIHZ MOBILE

by

Jim Mann

Duplex operation is a near necessity for
the 450 MHz repeater user. Without it,
the operator has no indication as to when
he's "making it" or when his signals are
marginal in the repeater. A 450 MHz
mobile asanaccesstoatwo- or six-meter
remote base station loses much of its
effectiveness when the control operator
can't hear his own "talkback' signals as
he is transmitting,

The duplex capability is the final finishing
touch on the 450 MHz repeater system
which an automatic telephone
patching device as an operational function.
Without duplex in this service, the radio
operator finds himself explainingthe prin-
ciples of his operation with nearly every
telephone call so his party won't speak at

includes

WB6JAJ

What is duplexing? In the strictest sense
duplex operation is transmitting on one

frequency and receiving on another. What
this article is about, however, is simul-
taneous duplex, or receiving on one

frequency the repeated signals that are
being transmitted on another at the same
time. A completely duplexed unit allows
"telephone'' type operation, whereby each

person can hear what the other transmits
at any time., With repeaters, this does
not allow telephone operation between
repeater users, but it does allow it be-

tween any of the mobiles and the repeater
base station. And between any ol the users
and the base telephone when an automatic
phone patch is incorporated into the sys-

the wrong time -- thus going unheard. tem. (Continued next page)
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