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(c) Technical

“100 Watts on 6 Meters”

Top view of the 100-watt 6-meter
transmitter. The final-amplifier tube
and output circuit are to the left.
The perforated metal shields the
meter and its connecting leads.
Behind the baffle shield, on which
the output connector is mounted,
are the 5763, the adjusting screw
of L2 (partially visible behind the
5763), and shaft of Ci2 (bottom).
The v.f.o. input connector Ji, crystal
socket, S1, and power connector
are mounted in the rear edge of
the chassis

100 Watts

on 6 Meters

A Three-Stage Transmitter of Simple Design

BY FRANCIS M. YANCEY,* W8DRU

worked from the ham shack on I'reezeland

Mountain. A good percentage of operators
of these stations say they have no intention of
ever operating on any frequency below 50 Mec.
It is surprising, therefore, to find that many of
these 6-meter operators who never intend to
operate on any lower band are using transmitters
that cover 80 through 6 meters. Not so surprising
are the complaints most of these operators have
against their transmitters: insufficient grid drive,
tube plates red hot, the low-band coil assembly
hot (probably self-resonant at 50 Mec.), plate
current creeping (final needs to be retuned every
minute or two), TVI (attributable to the trans-
mitter), parasitic suppre¢ssors burning up, and
low r.f. output. These transmitters do a good job
on the low bands, and they are adequate for

* Box 398, Hinton, West Virginia.

SEYERAL hundred 6-meter stations have been

The construction of this unit requires
no special or hard-to-get components.
In fact, most of the items needed are the
sort commonly listed in surplus and
bargain sheets.

the low-band operator who wants to get on 6
for an occasional local rag chew. As a general
rule, however, they are not efficient enough for
the serious 6-meter operator.

By using some ingenuity and a little effort
accompanied by a whole lot of pride, a ham can
come up with a nice-looking 6-meter transmitter
that has none of the bad points listed above.
By careful shopping for parts, it can provide
more power output and yet be more economical



CRYSTAL OSC./ TRIPLER

DOUBLER S0-34M¢,

25-27 Mc.

5
— 150

5763 2E26 829B

AN
Tk
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Fig. 1—Circuvit of the 100-watt 6-meter transmitter. Fixed capacitors of decimal value are disk ceramic {(1000-volt
if not specified); others are mica. Unless indicated, resistors are Yz-watt-watt composition. Component designations
not listed below are for text-reference purposes.

Cz, Clo—APC-type air trimmer.

Ci2—Midget variable (Hammarlund MC-35-S or similar).

Cy7, Coo—Dual-section variable, 25 pf. per section
(Johnson 167-51 or similar).

Ca1—Midget variable {Hammarlund MC-75-5 or similar}.

Ji1, Je—Chassis-mounting coaxial receptacle.

J3—Octal chassis-mounting plug.

Li—1 turn hookup wire over ground end of Ls.

La—23 turns No. 28 enameled, close-wound on Ya-inch
iron-slug form {National XR-50 form, or similar).

Ls, L+—12 turns No, 20, 3-inch diam., 16 turns per inch
{B & W) 3007 Miniductor, or lllumitronics 516T
AirDux). See text for construction,

Ls—10 turns No. 10 wound on Y2-inch ceramic pillar,
turns spaced to make coil length 1%2 inches.

than many of the all-band kits.

It is good practice to build power supplies,
modulators and r.f. units as separate assemblies.
Each section is then readily available for use
with other units. This article covers the construc-
tion of a 6-meter r.f. unit. Excellent companion
units have been covered by W1ICP.!

I McCoy, "Plate Modulation for the TV-Set/Surplus
Transmitter,” QST, July, 1961.

MecCoy, *“Surplus Tubes and an Old TV Set =
Amplifier,” QST, April, 1961,

150 Watt

Le—2 turns hookup wire interwound at low-potential end
of Ls.

L7—1 turn No. 12, 1-inch diam. See text for mounting,

Ls—& turns No. 12, 1-inch diam., 1 inch long, space at
center for L7,

Lg—8 turns No, 10, %-inch diam., 1%2 inches long, space at
center for Lio.

Lio—2 turns No, 12, 34-inch diameter,

Rz, Rs, Ri2—35-per-cent tolerance.

Ri1—Two 5-per-cent 51-chm 1-watt resistors in parallel

RFC:—Standoff type (National R-300S or similar).

RFCz, RFC3, RFC4—V.h.f. choke (Ohmite Z-50).

RFC5— 25 turns hookup wire, Ya-inch diam., self-supporting.

S1—D.p.d.t. toggle switch.

Sa—Double-pole three-position rotary switch.

Circuit Details

The oscillator-tripler circuit (see Fig. 1) will
be recognized as one which has appeared in the
ARRL Handbook for the past several years. With
an 8-Mec. crystal plugged into the crystal socket
and 8; in the crystal position, the 5763 oscillates
on 8 Me. and triples in the plate circuit to 25 Me.
With 8; in the v.f.o. position, RFC; and Cj5 are
shorted out, and Ly, Ly, C; and Cs are switched
into the circuit to match the low-impedance



output of a v.f.o. If this unit is to be used with
a v.f.o. having high-impedance output, In, L»
and C; may be omitted, and Cs connected directly
from 8; to Ji. In the v.f.o. position, the 5763
is a frequency multiplier, tripling the 8-Mec.
output of the v.f.o. to 25 Me. The 2226 operates
as a frequency doubler with Ch2Ls tuned to 50 Mec.

The 829B amplifier is link-coupled to the 21526
by Lg and Lz with LgCi7 tuned to 50 Me.
The 829B is neutralized by C1s and Cq9 which are
actually small pieces of No. 12 wire connected to
the grid pins (2 and 6) of the socket. These
wires cross each other across the bottom of the
socket, go through clearance holes in the chassis,
and each wire is then bent to place it near the
opposite plate. Cooliy also tune to 50 Mec., and
this output circuit is link-coupled to the antenna
by Lio. The reactance of Ly is tuned out by Ca.

Provision is made for measuring 2E26 grid
current, 829B grid current and 829B plate cur-
rent. Almost any low-range milliammeter can be
used by proper selection of values for K5, R1, s,
Ri1 and Rie. (See measurements chapter of the
Handbook.) The values shown were selected for
use with an 0—2-ma. meter. With the meter
switch in position No. 1, the full-scale reading of
the meter will be 2 ma. With Sg in position No. 2,
the full-scale reading of the meter will be 20 ma.
The full-scale reading will be 400 ma. when the
meter switch is in the third position.

TVI Precautions

The transmitter is thoroughly shielded. There
are six tuned circuits between the oscillator and
the antenna when a crystal or high-impedance
v.f.0. is in use, and at least two more when a low-

This photo shows the arrange-
ment of components on the
bottom side of the 100-watt
é-meter transmitter, as well as
the panel layout. Lz and §;
are in the lower left-hand
corner. C7, Cio, L3 and Ly are
grouped together to the right
of the switch. The 2E26 is
mounted horizontally from an
L-shaped bracket, with its
output-circuit components to the
right. The final-amplifier tube
socket and grid tank are at the
top of the chassis, The insulating
pillar in the upper right-hand
corner of the chassis supports L.
See Fig. 3.

impedance v.f.0. is used. Each stage is in-
ductively-coupled to the following stage with
coupling as loose as possible. The output link
L1018 tuned to the operating frequency to afford
additional selectivity against unwanted fre-
quencies. The power-lead filtering as shown on
the schematic is the bare minimum. However,
provisions have been made in the construction of
the unit, so any amount of additional filtering
found necessary can be added. These measures
have been found sufficient for this location. Any
additional precautions that may prove necessary
at another location are fully covered in the
chapter dealing with TVI in the Handbook.

Construction

The unit is constructed on an aluminum chassis
measuring 10 by 12 by 3 inches. The front panel
is made from l{inch sheet aluminum and is
10 inches high by 1234 inches wide, to allow
a little overhang at each end of the chassis.
The back of the amplifier compartment is also
cut from lfg-inch aluminum and is 7 inches high
by 12 inches wide. The amplifier compartment is
completed by using 4-inch angle aluminum and
perforated aluminum sheet. The bottom cover is
also cut from perforated aluminum. All of the
cutting and most of the drilling can be com-
pleted before actual assembly is started. The
panel was sprayed first with a primer coat, and
then with two coats of gloss-black enamel.

The relative placement of parts can be deter-
mined by studying the photographs. The power
connector, J3, is wired first so that power will
be available to check each stage as it is finished.
RFC?,, RFC4, RFC5, 014, 015, and 022 are con-



nected to the pins of the power plug and the
capacitors grounded with the shortest possible
leads. The other ends of the chokes are connected
to a terminal strip where power can be picked
up for the various stages.

There is an L-shaped bracket directly to the
front of the power plug. The short side of the
L is used for mounting the socket for the 2E26
doubler. The long side of the L forms a shield
to keep excessive r.f. away from the power plug.
Mentioned earlier i3 the possibility of adding
additional power-lead filtering, if found neces-
sary. The short side of the L can be extended
to the rear of the chassis. Short lengths of
Ls-inch angle can be bolted to this extension and
to the long side of the L. After the bottom cover
is in place, several sheet-metal screws through the
bottom cover into the angle will make a com-
pletely shielded compartment. Connections for
heaters and low voltage can be made by using
0.001-uf. 500-volt ceramic feedthrough capaci-
tors. Connections for high voltage can be made
by a feedthrough bushing and a separate 0.001-uf.
3000-volt disk ceramic bypass capacitor. Also,
it may be necessary to make all power leads
from shielded wire.

The 5763 stage is wired next. S; is mounted on
the rear wall of the chassis, directly behind the
5763 tube socket. J is also mounted on the rear
wall of the chassis between S; and the corner of
the chassis. The crystal socket is mounted on
the opposite side of S;. S; is wired so that the
handle will point toward the crystal when the
crystal is in the circuit, and point toward J,
when the v.f.0. is in the circuit. Lq, with its asso-
ciated link L;, is mounted near J;. The 5763
tube socket is mounted with a ground lug under
each mounting screw, RFC can be seen mounted
to the left front of Ls. A pigtail-type choke may
be substituted by mounting a terminal strip at
this location. C'7 and C1p can be almost any small
variable capacitors. The ones in the photograph
are mounted on a piece of ceramic; they were
removed from a discarded i.f. transformer.

TO METER

+300 TO 350V,

Fig. 2—Sketch illustrating mounting of L3, L1+ and associated
components on terminal strip, as mentioned in the text.

A terminal strip having four insulated termi-
nals and one grounded terminal is mounted under
one of the capacitor mounting bolts. This strip
holds Cs, Co, R3, R4, Rj; and the cold ends
of L and I, as indicated in Fig. 2. L3 and Ly
are made from a single length of coil stock.
Five turns are removed at the center, as shown
in the bottom-view photograph. The inner ends

of the two remaining coil sections are the ground
ends. Turns are then removed from the outer
ends of the coils to reduce the turns to the number
specified for each section. The wire unwound is
used as the connecting leads.

The meter and meter switch are mounted and
wired next. Two small feedthrough insulators are
mounted through the chassis, 1 inch apart,
directly below the meter. A ground lug is bolted
under the chassis between the insulators. Cos
and Cg7 are connected to the insulator terminals
and to the ground lug with short leads. Co
is connected across the meter terminals at the
meter. Leads are run from the meter to the top
of the feedthrough insulators and from the bot-
toms of the insulators to S;. Twisted leads are
connected from S: to R on the terminal strip.
The rear of the meter is shielded by a rectangular
cover made of perforated aluminum. This cover
extends from slightly above the top of the meter
to the chassis so that it encloses not only the
meter but the meter leads as well. The cover has
L4-inch lips on all open edges so that it can be
fastened to both the panel and the chassis with
machine screws at frequent intervals.

The 2E26 socket is mounted with ground lugs
under both mounting screws. After making the
necessary connections to Pins 1, 2, 4, 5, 6, 7 and
8 of this socket, it is time to check out the 5763
stage. Plug in a crystal, set S; to the crystal posi-
tion, and plug in the 5763 and 2IE26. Turn on the
filaments and the two tubes should light up.
After a couple of minutes, turn on the oscillator
plate voltage and tune C7 and €1 for maximum
2E26 grid current as shown by the meter —
between 1 and 114 ma. If the 5763 stage was
wired for use with a high-impedance v.f.o.
output, it should be necessary only to connect
the v.f.o. to J;, turn the v.f.o. on, adjust it to
the same frequency as the crystal, and move S;
to the v.f.o. position. Grid current to the 2E26
should be approximately the same as when a
crystal is in use. The same procedure would be
followed with low-impedance v.f.o. output, except
that it would be necessary also to adjust the slug
in Ly for the desired value of 2E26 grid current
(about 114 ma.).

The 2E26 stage is completed by wiring in
Ci3, B¢ and the plate-circuit components. A
standoff insulator 14 inch in diameter by 3 inches
long, or a piece of polystyrene rod the same size,
makes a convenient mounting for Lz and Lg. Cyg
is mounted vertically on the chassis with the
shaft extending above the chassis.

Space was reserved at the bottom right-hand
side of the panel for a mode switch to be added
later. In the event your mode switch is included
in the modulator, or if you desire a.m. operation
only, it will be a simple matter to bring the shaft
from Cj2 to the front panel. The capacitor
can be mounted on a bracket and the bracket
bolted to the chassis just to the front of Lg. It
should be positioned so that a shaft extension
will come through the panel in the right place
to be symmetrical with the three large knobs
already on the front panel.



Details of Ly and its mounting that permits
adjustment of coupling to Lg are shown in the
sketch of Fig. 3. Ls is made of hookup wire.
The ends of this coil are twisted together, left
long enough so L7 may be adjusted, and soldered
to the ends of Ly,

TO Lg 2IN.—
Ly
& el
[T "
ll . T !
\No. 12
SET Vg IN. :
SCREW BARE WIRE
~—I72-INCH FIBER OR POLY ROD
MOUNTING | [~ 727N AR ONG
SCREW—_ L

Fig. 3—Coupling link L7 is made adjustable by mounting
through an insulating rod as shown. The set screw locks
the coil in the desired position.

Ls is soldered directly to the stator terminals
of C17. No connection is made to the rotor of
Ci7 and it is not grounded. The feedthrough
insulator, which can be seen under Lsg, carries
high voltage into the amplifier compartment.
The disk ceramic capacitor connected between
it and the chassis is Ca4. The lead leaving the
center tap of Ls, and coming toward the front
panel, goes to a terminal strip which holds Ev,
Rg and Rg. The 829B socket is mounted with
Pin 4 (the big pin) toward C17. Pin 4 is grounded
to the chassis with a thin piece of copper strip 14
inch wide. The copper strip is tinned with solder
where it touches the aluminum to prevent
oxidation between the two metals. C'js connects
between the center tap of Lg and Pin 4 on the
829B socket, Ca3 connects between Pin 3 and
Pin 4. A short piece of wire connects Pins 4 and 5.
The stators of C;7 connect to Pins 2 and 6. Pins 1
and 7 are connected together and to the filament
circuit. The resistors on a terminal strip near the
center of the chassis are Ry and Rj2. The large
resistors on the right-hand wall of the chassis are
each 5000 ohms, and they are connected in series
to make up Rio. There is sufficient room for one
15,000-ohm 20-watt resistor.

The amplifier plate circuit is completed next.
C2 is mounted on brackets to raise the stator
connections even with the plate leads of the
829B. The plate connectors are connected to Czo
with thin strips of copper !4 inch wide. Ly is
soldered to the stator connections. No connection
is made to the rotor of Cgp and it must not be
grounded. RF(Cs connects between the center tap
of Ly and the top of the feedthrough insulator
which brings high voltage into the amplifier
compartment. The link Ljo connects between
Ca1 and Ja. Leave loose coupling between Lg
and L.

Adjustments

Plug in a crystal and all tubes. Set S; to the
crystal position, Set Sz to position No. 1. Turn on
the filament supply and see that all filaments
light up. Turn on the low-voltage supply just

long enough to peak C7 and Cyo for maximum
2E26 grid current. Move Sz to position No. 2.
Turn on the low-voltage supply and peak Cig
and Cp7 for maximum 829B grid current. Adjust
L; for about 12 ma. of current. In making
adjustments of the link coupling, be sure to turn
off the power because 300-350 volts is exposed
at the 2K26 plate components.

If all of your operation is to be within a 600-ke.
segment of the band, C7, Cio and Cy2 can be
peaked to the center frequency and forgotten.
For example, if you operate only between 50.1
and 50.7 Mec., those capacitors can be peaked
at 50.4 Me. If you operate over more of the band,
it will be necessary to stagger-tune C7 and Cio.
Tune one a little higher than the center frequency
and the other lower. Careful adjustment will
result in very little variation in 2E26 grid current
as frequency is changed. Cyg will have to beretuned
if frequency is changed more than 300 kc. either
side of its setting.

Be sure there is no voltage on the screen or
plates of the 829B. With low voltage turned on,
and the meter reading 829B grid current, slowly
tune C2¢ through resonance. If any dip in grid
current occurs, the 829B must be neutralized.
Mount a small feedthrough insulator on each
side of the socket near Pins 2 and 6. Connect
insulated wires to Pins 2 an'd 6. These wires cross
each other across the bottom of the socket and
connect to the insulator terminals. On top of
the chassis, solder 24-inch lengths of No. 12 bare
wire to each insulator terminal. Let each wire
go straight up parallel to the plates of the tube.
Now reapply excltation to the 829B, and adjust
neutralization by cutting Y4-inch lengths from
the neutralizing wires until there is no noticeable
change in the grid current as Czo is tuned through
resonance.

Now connect a load to the antenna terminal
of the transmitter. A 100-watt light bulb is OK.
Move 82 to position No. 3. Set Ca; to minimum
capacitance. Apply all voltages and quickly rotate
Cso for maximum dip in plate current. Adjust
Co1 for maximum plate current. Lo is now tuned
to the operating frequency. If everything has
checked out all right so far, replace the light bulb
with the antenna lead. Listen around the fre-
quency to which the transmitter is tuned, to
make sure you won't cause any QRM. Apply all
voltages. Check Cs¢ for maximum dip in plate
current. Check Cs; for maximum plate current.
Now adjust the coupling between Lg and Ly for
200 ma. of plate current. Remember, switch to
safety; there is high voltage on Lg. Turn off
the high voltage each time you make adjustments
to Lig. Recheck Cag to see if it is still tuned to
maximum dip. Move Sz to position 2 and check
the 829B grid current. It should indicate 12 ma.
for a plate voltage of 450 and up to 15 ma. for a
plate voltage of 600. Adjust Ly for proper current.

The bottom cover and amplifier compartment
cover can be fastened in place with sheet-metal
screws at approximately 2-inch intervals.

The labels were made on gold vinyl tape with
a tapewriter.



(d) Advertisement (“"Heathkit; Brand name of electronic equipments designed by Heath Company”)

HEATHKIT® Amateur Radio Gear . . .

“SINGLE-BANDER"
SSB TRANSCEIVERS

HW-12
Choose 80,
40, or 20
meters

200 watts on the band of your choice with built-in PTT
and VOX. Versatile! See line listing below for power
supplies. Go mobile or fixed!

Kit HW-12 (80-meter), Kit HW-32 (20-meter), Kit HW-22
(40-meter), 16 Ibs.......ccvvvuennnnnn. each $119.95

“CcomMBO"
FOR THE NOVICE

HR-10
Receiver

579t

Heathkit
DX-60A
AM/CW Transmitter

7095

Here's inexpensive amateur radio . .. yet the finest qual-
ity! HR-10 provides amateur band coverage 80-10 meters
with xtal filter, calibrator, BFO, and AVC. DX-60A pro-
vides 90 watts AM or CW with low harmonic output from
xtal control or external VFO.

Kit HR-10,20 lbs............. Y eseaesasaainans $79.95

Kit DX-60A, 25 Ibs..........covviinnnnnnnnnn. $79.95

TUNNEL DIPPER

HM-10A

53495

Qutperforms the usual grid-dip meter
through solid-state circuitry.

Kit HM-10A, 3 Ibs................ $34.95

BENTON HARBOR
LUNCH BOXES...

HW-29A
6 & 2 Meter
Transceivers

Take along one of these handy 5-watt rigs on your next
outing. Complete for 117 v. AC operation. Use Heathkit
GP-11 power supply for mobile.

Kit HW-29A (6 meter) & HW-30 (2 meter). . .each $44.95

HEATHKIT “MONITORS” ADD
PROFESSIONAL QUALITY
TO THE AMATEUR STATION

HO-13
‘“‘Ham-Scan”’
{ Spectrum Monitor

5790

HO-10
Signal Monitor

35095 »

“Ham-Scan” shows a panoramic display of radio sig-
nals 50 kc's on each side of receiver tuning. Shows band
conditions instantly!

Kit HO-13, 12 Ibs.. . ... ... ... ... $79.00
HO-10 shows actual quality of transmitted and received

signals. Displays envelope, AF and RF trapezoid pat-
terns.

Kit HO-10, 12 Ibs...... ... oottt $59.95

HEATHKIT “CANTENNA"
TRANSMITTER DUMMY LOAD

HN-31

7 ) 0%

50-ohm impedance. Oil cooled.
Allows power measurements with
minimum radiated signal. (Oil not
included).

Kit HN-31, 3 Ibs.......... $9.95

For Complete Descriptions See Your 1965 Heathkit Catalog

Kit HP-13 DC Power Supply (converts 12 v. DC to power
for single-banders), 7 lbs.. ........ i $59.95

Kit GP-11 Vibrator Power Supply (6 or 12 v. DC to 250 v.
DC@ 100ma.),6lbs....... ... s, $16.88

Kit HP-23 AC Power Supply (converts 120 v. AC to power
for single-banders), 191bs.............. .. ... .. $39.95

Kit HS-24 Mobile Speaker, 3 Ibs...... PP

Kit PM-2 RF Power Meter, 2 Ibs................ $12.95
Kit CO-1 Code Practice Oscillator, 2 Ibs......... $7.95
Kit HD-11 “Q’ Multiplier, 3 Ibs................ $14.95
Kit HG-10 VFO, 80-2 meters, provides 5 volts RMS,

12 IDS. et e ettt e e e e $34.95
Kit HD-20 100 kc Crystal Calibrator, 1 Ib........ $14.95
Kit HM-11 Reflected Power Meter, 3 Ibs......... $15.95



World’s Largest Selection!

YOU CAN SAVE UP TO 50%

HEATHKIT DELUXE SB SERIES...
SB-300 SSB RECEIVER. .. $265.00

e A new standard of amateur performance & value ¢ 80-
10 meters with provision for VHF converters e Crystal-
controlled front-end for same rate tuning on all bands
e 1 kc dial calibrations—100 kc per dial revolution ® Band-
spread equal to 10 feet per megacycle e Provision for
transceive operation with matching SB-400 transmitter
e Drift less than 100 cps per hour after warmup ¢ 8 ohm
audio output matches HS-24 speaker ® Compact—weighs
only 22 Ibs.

SB-400 DELUXE SSB TRANSMITTER ... $325.00

e Built-in power supply e Complete transceive capabil-
ity with SB-300 receiver e Linear master oscillator fre-
quency control e Built-in antenna change-over relay
e All crystals supplied for complete 80-10 meter cover-
age e Automatic level control for higher talk power,
minimum distortion e 180 watts PEP SSB, 170 watts
CW e Crystal filter type SSB generation (upper or lower
sideband) ® VOX operated CW uses CW sidetone ® 1 kc
dial calibration—100 kc per dial revolution e 500 kc
coverage per bandswitch position e 33 Ibs, weight.

e 1200 watts P.E.P. input SSB—1000 watts CW e 80
through 10 meter band coverage e Built-in SWR meter
—Antenna relay—Solid-state power supply ¢ Automatic
Level Control (ALC) e Shielded, fan-cooled amplifier
compartment e Pre-tuned cathode input circuit for maxi-
mum efficiency & low distortion e Circuit-breaker power
supply protection—no fuses e Designed for 120/240 volt
operation ® Weight 42 Ibs.

6 & 2 METER PLUG-IN
CONVERTERS EXTEND mc crystal supplied). 2 meter model extends coverage
OPERATION OF SB-300 from 142-150 mc (144-146 mc crystal supplied). Designed

6 meter model extends coverage from 48-54 mc (50-52

to plug-in to SB-300, but work with any receiver having
proper voltages and 10 meter coverage. 2 Ibs. SBA-300-3
(6 meter), SBA-300-4 (2 meter), 2 Ibs....... $19.95 each

HEATHEHXIT®

HEATH COMPANY, Benton Harbor, Michigan 49023
In Canada: Daystrom, Ltd., Cooksville, Ontario Dept. 9-4

O Enclosed is $ plus shipping.

Please send model (s)
[0 Please send FREE 1965 Heathkit Catalog.

[
|
See the wide array of Heath- :
kit Amateur Radio Equip- !
ment available at tremen- :
dous do-it-yourself savings! l'
Everything you need in “mo- |
I
]
1
|
1
|
!

bile" or ‘fixed" station gear Hame (Please Print)
with full descriptions and Address
specifications . . . Send for .
City. State Zip.

e e e e e e o e m ]

Free copy! - 0 : T
Py Prices & specifications subject to change without notice. AM-153

L
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(c) Technical (“Electronics Slide Rules for the Amateur”)

Electronics Slide Rules

for the Amateur

BY WILFRED M. SCHERER,* W2AEF

Don’t run off and hide just because we're going to talk about slide rules!

They're not as high-falutin’ as you may think, and any ham worth his

salt will profit by knowing a bit about them. Below is a short discussion
of several slip-sticks ideally suited for the building ham.

HE slide rule is a mechanical device used

I for rapidly solving math problems involv-

ing multiplication and division, including
powers and roots, reciprocals and ratios, and
those involving trigonometry and logarithms.
The slide rule reduces the working of problems
to a fraction of the time required with pencil-
and-paper. Thus, it has become an indispensable
tool for the engineer and ham alike.

Electronic problems relating to reactance, in-
ductance, capacitance, frequency, reasonance,
decibels, etc., often require quite a series of
operations in multiplication and division. Al-
though standard slide rules may be used, a slide
rule designed especially for electronics can
shorten the required work still more.

The slide rules described here have been espe-
cially designed for solving electronic problems
either directly or with a minimum of work. In-
cluded are some very simple and inexpensive
calculators for limited use, which even the neo-
phyte should find easy to manipulate. As a matter
of fact, none of the slide rules is hard to master
once you have set your mind to it.

Conventional-Type Slide Rules
In discussing the specialized slide rules, as
distinguished from the simple calculators de-
scribed later, it is assumed that the reader is

*Technical Director, CQ.

acquainted with normal slide-rule operation and
with various standard scales and their uses.

For the sake of clarity, only a portion of each
rule is shown in the illustrations where the funda-
mental special operations are indicated. Unless
otherwise noted, only the significant figures are
identified.

Cooke Radio Slide Rule

To the best of our knowledge, the Cooke
Radio Slide Rule, made by Keuffel & Esser Com-
pany, is the first one of its type produced espe-
cially for electronics problems, having been used
during World War II.

This rule includes all the scales of the K & E
Polyphase Duplex Decitrig Rule (A, B, T, ST, S.
C, D, DI, L, DF, CF, CIF, CI), except scale K
which has been replaced by an LC scale, and a
24 scale, folded at 277, has been added.

Many electronic problems involve the constant
24, so use of the 27 scale can save one or more
slide-rule operations. First, « = 27f, is simply
found by setting the indicator to the frequency
on the 27 scale and under the indicator reading
» on scale D. To solve for capacitative reactance,
X.=1/(27fC), we only need set the hairline
indicator to the frequency on the 27 scale, set
the capacitance on the CI scale at the indicator,
and read the reactance on scale C opposite the
index on scale D. The operation is similar for
X1 = 27fL, except Xv is read on scale D oppo-

Fig. 1—The Cooke Radio Slide Rule.
The index on scale S is set opposite
the frequency 1.1 mec on D scale. Un-
der the hairline indicator, the capaci-
tance on B scale is set at 150 mmf
and the inductance under the indi-
cator on the LC scale reads 139 uh.
If the indicator were set to the fre-
quency 1.1 on scale D, the L-C prod-
uct for this frequency would read
20850 on the LC scale under the
indicator. A 27 scale is on the re-
verse side.



Fig. 2—The Cleveland Institute Electronics Slide Rule.
Several operations are illustrated. For inductive re-
actance, the indicator is shown set at the frequency,
2, on the (fx) 27 scale and the inductance, 85 wh, is
placed under the indicator on the {Lx or Cx) Cl scale.
Opposite the index of C scale the reactance on scale D
reads 107. The decimal point is found on the Decimal-
Point Locator shown below, where for L—85 uh on the
upper scale has been placed opposite 2 mc on the
middle scale. Opposite the X.LQ index, just above the
bottom scale, the reading is 1000+, which accord-
ing to the slide-rule figures then is 1070 ohms.

In respect to resonance, the indicator is set at in-
ductance, 16, on the (L;) H scale (top). The capacitance,
138, on scale (Cr) B is placed under the indicator and
the resonant frequency reads 107 on scale D opposite
the C index. The significant figures, of course, must be
pointed off according to the decimal point table.

One other function that can be seen is that the
indicator is set at a power ratio of 1.26 on scale D,
and under the indicator on scale L is .1, which when
multiplied by 10 comes out to 1 db. Similarly for con-
verting from a voltage ratio, .1 is multiplied by 20,
and the answer is 2 db.

site C index. The procedures are reversed for
finding one of the other unknowns.

As with most standard slide-rules, only the sig-
nificant figures are used, so the location of the
decimal point must be determined mentally by
simple rough calculations. '

An L-C product scale, identified by LC, is
used in conjunction with the B, C, and D scales
for solving resonant-frequency problems. See
fig. 1.

0 = (27fL) /R, Dissipation D = 27 CR, im-
pedance of parallel-resonant circuit Z =—
(27fL)2/R and other problems involving 24 also
may be solved with a minimum of work as ex-
plained in the instruction manual. Data is also in-
cluded for using the standard scales for solving
many other electronic problems such as voltage
and power ratios, decibels, vectors, phase angles,
etc. Problem exercises in the various categories
are set up for practice operation, with the an-
swers listed in the back of the book.

The body material of the K & E Cooke Radio
Slide Rule is mahogany faced with a white syn-
thetic material that has indented “engine-
divided” graduations and numerals in black, ex-
cept on the inverted or descending scales where
the numerals are red. This rule is in the $25 to
$30 range, depending upon the carrying case.
Cleveland Institute Slide Rule

This rule has the standard scales: A, B, S, T,
CI, C, D, L and Ln. The special ones are: a 27
scale for reactance problems, etc., and scale H
which is an L-C product scale for resonance
problems.

Unless you use a slide rule almost daily, it
often is difficult to remember which scales are
used for different problems. A special feature of
the Cleveland rule is that, besides being identified
by a letter, each scale including the standard
ones, also is marked according to the electronics
purpose for which it is used, eliminating frequent
references to the manual. In fact, you can just
about figure out how to use the various scales

simply by observing the special identifications.

Another particular feature of this rule is that
on the back is a Reactance and Resonance Deci-
mal-Point Locator which makes it possible to
easily place the decimal, or to determine the
fractional units for problems of reactance, capa-
citance, inductance or frequency. It also does
away with the need to convert from one unit to
another.

The Decimal-Point Locator utilizes a nomo-
graph technique with a sliding scale and indexes
employed in place of a straightedge. The scales
are calibrated for mmf, mf, xh, mh, h., c.p.s., ke,
mc, X1, & X. in ohms and M-ohms, with gradua-
tions only at major points. Besides indicating the
electrical units involved, the Decimal Locator
also provides a rough numerical answer which
may be close enough in many instances, but
where a more accurate result is required, the
values obtained may be used to correlate the
more precise figures obtained using the 27 and
H scales on the face of the rule. Thus, this rule
may be used either as a simple calculator for
approximate answers or as a regular slide rule
for accurate answers. The rear of the rule also
contains many of the commonly used formulas
and conversion factors for electronics.

Referring to fig. 2, in working reactance prob-
lems, the 27 (f<) scale is used in conjunction
with the CI (L or Cy), C (X.) and D (Xi)
scales. Resonant-frequency problems are solved
using the H (L.) scale in conjunction with the
B (C;) and D (f,) scales and the C index (f:).

The Cleveland Institute Electronics Slide Rule
is supplied with a comprehensive 123-page in-
struction manual which not only describes how to
work a host of problems using both special and
standard scales, but which also describes slide
rule fundamentals and operation. Actually, it is
a self-training course for students and is a handy
refresher for those desiring to brush up on for-
gotten slide-rule procedures. Over 100 problems,
with answers in the rear of the manual, are in-



Fig. 3—The Laofayette Decima-Dyne Slide Rule. The
capacitance, 6, on Kl scale is shown set opposite the
frequency, 3, on scale K. The indicator is set at the
KI index, 10%, with the capacitive reactance shown
under the indicator at 87 on the X. scale.

Working with inductive reactance, 6 on K scale
represents the inductance, instead of capacitance, and
the reactance is shown reading 113 under the indicator
on the Xi scale.

A resonant-frequency operation also is shown. A
capacitance, 8, on the Kl scale is shown set opposite
an inductance, 3, on the K scale. The indicator is set
at the Kl index, 103, and the resonant frequency for
this combination of C and L is shown under the indicator
on F; scale at 117. Any other combinations of C and
L that are opposite each other on the K and Kl scales
also will resonate at a frequency of 117.

The decimal point for the settings is determined from
Decimal-Point tables in the manual,

cluded along with an examination which may be
worked and sent to the Cleveland Institute of
Electronics for grading and correction.

The rule embodies rugged all-metal construc-
tion for dimensional stability. It has a white fac-
ing with engine divided graduations and numer-
als in black. Red numerals are used on the in-
verted scales. The price is $14.95, complete.
Lafayette Decima-Dyne Rule

This rule has the standard scales: A, C, D, CI,
CIF, CF, DF, S, T, DI, K, KI, and the special
scales: db (linearly calibrated from 0 to 20 db),
X. (a Kl scale folded at 27), X1 (a K scale
folded at 27) and resonant-frequency scales Fy
and Fa. The X. , Xi, K and KI scales each cover
three decades.

Referring to fig. 3, reactance problems are
solved using the K and Kl scales in conjunction
with the X. or X scales. Resonant-frequency
problems are worked using the K, KI, F( and F»
scales. The position of the decimal point is de-
termined by the use of a decimal-point table in
the manual.

The A and D scales are used for db calcula-
tions in conjunction with the db scale which is
calibrated over a range of 20 db in both ascend-
ing and descending increments, so that db gain
or loss may be quickly determined. Voltage and
current ratios are converted to db by setting the
indicator to the ratio on scale D, and reading the
db gain or loss on the db scale. When the ratio
is such that the gain or loss is greater than 20
db, a decibel table in the manual indicates the
number of 20 db increments to be added to or

subtracted from the db scale reading. Not indi-
cated in the manual is that power ratios can be
converted to db by setting the indicator to the
power ratio on scale A and reading db under
the indicator on the db scale. This is similar to
standard slide-rule operation where the D scale
is used along with the L scale.

Additional calculations are described in the
manual for computing frequency-modulation
percentage, frequency and wavelength, vectors,
effective value of a distorted wave, circuit im-
pedance, current and voltage in reactive circuits
and surge impedance.

The Lafayette Model F-990 Decima-Dyne
Slide Rule has a bamboo body faced with white
plastic on which the graduations and numerals
are dark blue, except on the descending scales
where the numerals arc red. It is imported, and
priced at $13.95.

Pickett Electronics Rule

The Pickett Electrenics Slide Rule is more
elaborate than the others described here. One
side has 16 standard scales; the other side has 18
special scales designed for solving complex elec-
tronic problems concerning reactance, resonance,
R-C coupling networks, transmission or delay
lines, time constants, db ratios, angular velocity
and radians, etc.

The standard scales are: SH1, SH2, TH, DF.
CF,L,S,ST,T,CI,C,D,LL1,LL2,LL3 and Ln.
The special scales are: ®—used for finding phase-
shift angles; db—for use with power and voltage
ratios; D or Q—for quality factor in reactive
circuits; Xy—for inductive reactance; Z. or X.—
for transmission-line impedance or capacitive
reactance; C or L—for capacitive or inductive

Fig. 4—The Pickett Electronics Slide Rule. The frequency,
1.1, on scale F has been placed opposite an index
arrow (not shown) on scale D. For reactance, the indi-
cator is shown set to capacitance or inductance, 3.6,
on scale C or L. The capacitive reactance under the
indicator on scale Z. or X. reads .0402 and the in-
ductive reactance reads 24.8 on the Xu scale.

For resonance, the capacitance, 13, is under the
indicator on scale C: as is the inductance, .161 on
scale Lr. Any other values of capacitance and induct-
ance that are shown opposite each other on the C;
and the L. scales respectively, also will resonate at «
frequency of 1.1.

The figures given in the examples are then converted
to the applicable fractional units using the powers-of-
ten as determined from the Decimal-Point Locator scales.




Fig. 5—The Shure Reactance Slide Rule. At the upper half, 500 c.p.s. on the sliding frequency scale is shown

placed opposite the index arrow at the center. 2 henries on the inductance scale, also located on the slide,

appears opposite .05 mf on the adjacent fixed scale. Thus, 2 h. and .05 mf will resonate at 500 c.p.s. Any other

values of inductance and capacitance that appear opposite each other also will resonate at 500 c.p.s. Values

for other frequencies are found by setting the new frequency opposite the arrow and reading C and L accord-

ingly. The lower half of the rule is used for higher frequencies up 500 mc. Reactance and Q problems are
solved on the reverse side of the rule in a similar manner,

values in farads or henries; F—for frequency in
cps; A—for wavelength; «—for angular rotation
in radians-per-second; 7—for time constant;
R’ or X’.—for use with decimal-point locator
scales; C: & L.—for capacitance and inductance
in resonant circuits; Cos O—for relative gain in
coupling circuits; and *—a row of dots above
the Xr scale to indicate the nearest standard re-
sistance values in ohms when referred to Xi,
and a row of dots below the X, scale for refer-
ring to standard capacitances on X. scale. A
number of Decimal-Point Locator scales Is in-
cluded too.

Some of the operations are shown at fig. 4.
Reactance problems are worked using the F,
Xe¢, X1 scales and the index arrow which is lo-
cated in the middle of the D-Q scale. Resonant-
frequency calculations involve the F, C.. L, scales
and the index arrow. The o or X\ scales may be
used in place of the F scale for problems con-
cerned with angular velocity or wavelength.

One of the features of this rule is that relative
values of quantities involved can then be de-
termined by use of the slide and one of the special
Decimal-Point Locator scales situated along the
lower edge of the rule. These indicate the powers-
of-ten to be applied to the significant figures of
the readings.

Many additional kinds of electronic problems
can be conveniently and rapidly worked, while
the inclusion of more than the usual number of
standard scales covers a wide scope of operations

Fig. 6—The Ballantine Rule. The current and
voltage gain and loss scales are shown set
at 5 and .2 respectively, and the power-ratio
gain and loss scales are set at 25 and .04
respectively. The gain or loss for the indi-
cated ratios is shown on the decibel scale as
14 db. The voltage vs, db power-level oper-
ation is conducted on the reverse side of
the rule.

in other fields. Instructions are included in the
manual.

The Pickett Electronics Slide Rule is con-
structed of metal throughout for durability and
accuracy stability. It i1s faced with “Eye-Saver”
vellow/green which is at Angstrom 5600, the
point of maximum visibility on the color spec-
trum. The price is about $30.

Simple Slide Rules

The simple slide rules or calculators described
below are inexpensive devices made of card-
board. Their accuracy is not as good as the
higher-priced *“‘exotic” slide rules, but one of
their advantages is that readings are made in
direct values, eliminating the problems of plac-
ing the decimal point. These rules are handy for
quick calculations which at least get you “into
the ball park™ or they may be used as decimal-
point locators. Thus, they can be useful items
to have on hand even for the user of the conven-
tional-type slide rules.
Shure Reactance Slide Rule

This rule is used for calculating resonant-
frequency constants, for determining capacitive
or inductive reactance and for finding the figure-
of-merit or Q. All scales are calibrated directly
in the quantities involved. Problems may be
solved quickly and directly with reasonable
accuracy.

One side of the rule is used for resonance
problems. The scales cover .001 mmf to 1000 mf,




.01 xh to 10,000 h. and 5 c.p.s. to 500 mc. Opera-
tion is indicated at fig. 5.

The other side of the rule is used for reactance
or quality-factor problems. The scales cover in-
ductances of .001 mh to 100 h; capacitances of
1 mmf to 100 mf, inductive reactance and re-
sistance of .00001 ohm to 100 megohms, capaci-
tive reactance and resistance of .01 to 100,000
ohms, and dissipation factors (D) or Q of .00002
to 10,000.

An extra dividend, not shown in the instruc-
tions that are printed on the rule, is that either
the D or Q scales may be used with the frequency
scales to perform multiplication and division by
using them as the A and B or C and D scales of
the standard slide rule. Furthermore, the decimal
point is automatically indicated and is shown
over a large range of values (.00002 to 1,000,-
000).

The Shure Reactance Slide Rule is available
from Shure Brothers, Inc., 222 Hartrey Ave.,
Evanston, Illinois, for $1.00.

Ballantine Rule

The Ballantine Rule is designed to provide
quick solutions for problems concerned with
current, voltage and power ratios vs db gain or
loss and for db power levels v.s. voltage in re-
lation to different standard O-db-power refer-
ence levels. A nomograph technique is employed
whereby all quantities are indicated on several
scales located on a common slide with aligned
index arrows on the body of the rule.

To find the db gain or loss for a known current
or voltage ratio, the ratio on the current/voltage
gain or loss scale is set opposite the ratio index
arrow and the db gain or loss is read on the db
scale opposite the db index arrow. Power ratios
are likewise converted to db, and visa versa,
using the power-ratio gain or loss scales in con-
junction with the db scale, See fig. 6.

For finding the power level at a given voltage,
relative to one of the O-db references, O db on
the db scale is set opposite an index which is set
up for the desired reference level, and the db
power level is then read opposite the voltage on
an adjacent scale.

Fig. 7-—The Ohmite Calculator. The equivalent resistance
of twa parailsi-connected resistars is found by setting
the value of one resistor, on o sliding scale, opposiic
the value of the other resistor on a fixed scale, and
then reading the resulting resistance on the sliding
scale opposite an index arrow on the fixed scale. Re-
ferring to the two top scales in the photograph, 1.5
ohms has been placed opposite 3 ohms. The equivalent
resistance with these two values, cannected in paraliel,
is shown as 1 ohm opposite the indexing arrow at the
upper right. Any other values of resistance that fall
opposite each other on the top scales also will result
in an equivalent resistance of 1 ohm when they are
parallel connected. The standard slide-rule scales, A,
B, C, D, are located at the bottom. Ohm’s Law prob-
lems are worked on the reverse side of the rule.

Secondary operations that can be performed
with this rule are: finding the square, square
root, reciprocal or logarithm (including the
characteristic and mantissa) of a number.

The Ballantine Rule is available from Ballan-
tine Laboratories, Inc., Boonton, N.J. Send 35¢
to cover mailing and handling costs.

Ohmite Calculator

The Ohmite Calculator employs a slide-rule
technique for determining the equivalent resist-
ance of paralleled resistors. A nomograph tech-
nigue is used with sliding scales for Ohm’s Law
problems. The standard slide-rule scales A, B, C
and D also are included.

Operation for resistance problems is shown
at fig. 7.

Ohm’s Law calculations are conducted by set-
ting one known quantity on a sliding scale oppo-
site the other known quantity on a fixed scale.
and reading the unknown opposite one of the
known values on another pair of scales. Read-
ings for ohms are coirelated with an “Ohms”
index. The ranges cover .01 ma to 100 a., 0.3 v.
to 100,000 v., .01 ohms to 100 megohms and .01
to 10,000 watts, Operating instructions are
printed on the rule.

This rule is made by Ohmite Manufacturing
Co., Chicago, 11l., and it may be obtained from
many radio suply houses for 25¢. A deluxe
plastic model is $1.50.

Slide Rule Literature

Nearly any large stationery store or artists’
supply is a good source of manufacturer’s litera-
ture about slide rules. However, in the absence
of a local supplier, the Reader Service depart-
ment of CQ will route any inquiries to the manu-
facturers, upon request. A postal card with your
name and address, and the slide rule in question
will suffice.

For some good practical background on the
use of slide rules for electronics, as well as a
wealth of information about math for the tech-
nician, locate a copy of Mathematics for Elec-
tricians and Radiomen, by Nelson M. Cooke
(McGraw Hill). E



(d) Advertisement ("Collins; Equipments designed by Collins Radio Company (Rockwell Collins)"”)

SIMPLE ARITHMETIC

No other equipment on the market holds its value like Collins’ S/Line gear. That’s one reason Col-
lins is such a good investment. A little simple arithmetic brings home the point. Your initial invest-
ment minus trade-in value equals your cost for Collins’ S/Line. Divide your cost by the number of
years you keep your S/Line gear and you'll have the true value of how little it costs to own the finest.
[] Check your Collins distributor and compare prices. Then check and compare equipment features.
Collins offers you complete station compatibility; frequency stability; frequency calibration; more
QSO’s per kilocycle; mechanical filters; dual or single PTO control; automatic load control; negative
RF feedback; light weight; distinctive simplicity and styling. [ ] Once, these features were all Col-
lins “exclusives.” Even today, Collins offers you all ten — Collins is still unexcelled. [] Visit your
Collins distributor and see the S/Line. Then do your own simple arithmetic. Find out for yourself
that it costs less to own the finest.
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