price $1.00

Assembling
and Using Your...

“WILLIAMSON
TYPE”
AMPLIFIER

MODEL W-3AM

HEATH COMPANY

A Subsidiary of Daystrom Inc.

BENTON HARBOR, MICHIGAN

595-162



STANDARD COLOR CODE — RESISTORS AND CAPACITORS
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The standard color code provides all necessary information re-
quired to properly identify color coded resistors and eapacitors.
Refer to the color code for numerical values and the zeroes or
multipliers assigned to the colors used. A fourth color band on
resistors determines lolerance rating as follows: Gold = 597,
silver = 109, Absence of the fourth band indicates a 209

Lolerance rating.

The physical size of carbon

resistors is determined by their

wattage rating. Carbon resistors most commonly used in Heath-

kits are W

6 waltl. Higher watlage rated resistors when specilied

are jjlf}"[lhhl\{f) larger in physical size. Small wire wound

resistors 14 watt, | or 2 watt

band will be double width.
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A 2 digit voltage rating indicotes more than 900 V.
Add 2 zeros to end of 2 digit number.
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Commercial Code
Working Volts

Black
Body

Multiplier

2nd
Isi%
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JAN. CODE CAPACITOR

ISIG

Significant
Figure
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The tolerance rating of capacitors is determined by the color
code, For example: red = 297, green = 597, ete. The voltage
rating of capacitors is obtained by multiplying the color value
by 100. For example: orange = 3 X 100 or 300 volts. Blue
6 X 100 or 600 volts.

In the design of Heathkits, the

temperature coefficient of ceramic

or mica ecapacitors is not generally a critical factor and there-

fore Heathkit manuals avoid
cient specifications.

reference to temperature coelli-
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ASSEMBLY AND OPERATION OF THE

HEATHKIT “WILLIAMSON TYPE” AMPLIFIER
MODEL W-3AM

TECHNICAL SPECIFICATIONS

Tube Complement...........................two 6SN7GT, two 5881, one 5V4G.

Output Impedances..........................4, 8, and 16 ohms.

Hum and Noise............................. 85.3 db below 20 watt output.

Phase Shift................................ 300 leading at 16 cycles, 30° lagging at 20 KC;
900 leading at 5 cycles, 900 lagging at 98.5 KC.

Rated Output............................... 20 watts.

Peak Output. .............................. 36 watts.

Feedback Factor...............

Damping Factor................

+++.v.o..... Fixed; 18 db, independent of output impedance.
«e+......... Fixed; 14, independent of output impedance.
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Refer to curve.

W—3AM SENSITIVITY CURVE
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Graph 1

+ 1.5 db from 20 cycles to 80 KC at 1 watt out-

+ .5 db from 20 cycles to 20 KC at rated

output. Refer to curves below for response at
power levels.
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HEATHKIT W-3AM POWER RESPONSE

Graph 2
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Harmonic Distortion................

........ The curve below indicates the distortion versus
frequency curves for several power levels.
From these curves it becomes evident that speci-
fying total harmonic distortion at any power level
without designating the test frequency canbevery

misleading.
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Graph 3

Competent authorities seem to agree that a total of 2% harmonic distortion is tolerable for mu-
sical reproduction through wide-range audio equipment. Harmonic distortion below 0.7%is com-
pletely imperceptible, even to highly trained critical observers.

Intermodulation Distortion..........

Graph 4
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Power Requirements........................ 105 - 125 volts, 50/60 cycles, 120 watts.
Overall Dimensions (eachunit)............... 7 high x 5 1/2" wide x 11" long.
Shipping Weight. . ............oiiiiiatn 29 pounds.

TEST CONDITIONS

Measurements taken with line voltage maintained constant at 117volts. Output impedance 16.1 &
resistive. For harmonic distortion measurements: Heathkit model HD-1 Harmonic Distortion
Analyzer, and Hewlett- Packard model 650-A Test Oscillator. For intermodulation distortion
measurements: Heathkit model AA-1 Audio Analyzer. For frequency response measurements:
H. P. 650-A Test Oscillator. For phase shift measurements: Krohnhite model 440-A Oscilla-
tor (inherent distortion less than .1%) and RCA model WO-56A Oscilloscope. For power output,
voltage measurements across 16.1 © resistive load taken with Hewlett-Packard model 400-D

Vacuum Tube Voltmeter.

Measurements given are those taken on a representative amplifier under the stated conditions.
Minor variations may be encountered in kit-assembled amplifiers because of tube character-
istics, component variations and exact lead placement. In a highly stabilized amplifier such as
the W-3AM, these variables may be disregarded from a performance point of view.

INTRODUCTION
The artand science of the reproduction of sound has steadily made advances with improvements
of major importance occuringoccasionally. Among these major advances, we count the LP type
recordings, the modern magnetic phono pickups, FM broadcasting and the Williamson amplifier
circuit.

These advances in different links in the chain of devices needed for reproduction of sound were
made when each link appeared to become the weakest one.

In the summer of 1947, Mr. D. T. N. Williamson had the results of his search for a perfect am-
plifier published in the British periodical "Wireless World." Further notes on this amplifier
appeared in the same publication in 1949.

The comparative simplicity of the circuit tempted many skilled home constructors and the re-
markable results soon became well known the worldover. Several articles appeared in Ameri-
can publications, referring specifically to the original Williamson circuit. The artical in the
November, 1949 issue of Audio Engineering described a "Musician's Amplifier" patterned after
the Williamson.

Not all attempts to duplicate the original performance with other components and different lay-
outs were successful. Thus there developed a thriving trade of importing the components used
in the original design, largely to replace parts in existing amplifiers that were lacking in per-
formance.

The Heathkit amplifier closely follows the very successful Musician's Amplifier and is con-
sidered by many to surpass the original Williamson.

The original article by Mr. Williamson outlined the six basic requirements for a perfect am-
plifier as follows: (1) Negligible non-linear distortion. (2) Linear frequency response and power
handling capacity over the range of 10 cycles to 20 kc. (3) Negligible phase shift over the same
range. (4) Good transient response. (5) Low output resistance. (6) Adequate power reserve.

All six requirements are properly fulfilled in the Heathkit amplifier through the careful choice
of component parts and selection of optimum operating conditions.

The operational qualities were of primary concern and thus electrical efficiency has been sacri-
ficed wherever needed. The first requirement of Mr. Williamson calls for the use of only the
most linear portionof the tube characteristics. Although that portion has been extended by higher
than normal plate supply voltages, it is only a fraction of the curve normally used in amplifiers.
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Thus a comparatively low output power level is obtained with tubes capable of much more effic-
ient operation under less stringent requirements.

A recent modification of this circuit has been described by David Sarser and Melvin C. Sprinkle
in Audio Engineering for July, 1952. This article, entitled "Gilding the Lily, ' points out sev-
eral changes which increase the efficiency of the circuit without perceptible degradation of its
performance. The instructionsinthis manual incorporate these changes. However, instructions
are given on Page 19 for building the amplifier in accordance with the original design.

Either circuit, at levels up to 5 watts output, affords performance far beyond the finest speaker
systems available today. Average power output for home listening rarely exceeds 1 watt. The
circuit as described in the assembly instructions will provide a power output of 12 to 15 watts
before intermodulation distortion becomes noticeable, even to the trained ear. The circuit des-
cribed on Page 19, as originally used by Williamson, displays similar characteristics at levels
of 8 to 10 watts.

While the frequency limits of this amplifier are quite outside the audible range of single fre-
quencies, the results are definitely noticeable. The extended range insures exact reproduction
of the transients generated at the start of each note, such as the sharp crash of the cymbal, the
brief scratching of the bow as it starts to move across the strings of the violin or the deep thud
of the kettle drum. The individual instruments of the orchestra are thus quite readily distin-
guished.

Mr. Williamson's second requirement of both linear frequency response and power handling cap-
ability and the third requirement of negligible phase shift call for an output transformer with
quite extraordinary characteristics. An incorrectly designed transformer may produce distor-
tion that is easily mistaken for faulty operating conditions of the tubes. The transformer used
in the Heathkit amplifier has the characteristics required and may well be considered the heart
of the amplifier.

Considering your substantial investment in this kit, it is readily understood that it warrants the
greatest care in assembly to reap the performance of which this amplifier is capable.

The model W-3AM is free running withno controls. If is designed to be used with a signal source
having its own controls or with a preamplifier. The Heathkit model WA-P2 Preamplifier is
highly recommended.

HEATHKIT PREAMPLIFIER MODEL WA-P2
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ASSEMBLY AND OPERATION INSTRUCTIONS

This Heathkit amplifier was developed to provide an excellent link in the chain of devices that
are required for the highest quality reproduction of sound in the home. To obtain maximum en-
joyment from such a chain, the other links (record, stylus, pickup, turntable, speaker and en-
closure) should also be of the highest quality.

To realize the full capabilities of this amplifier, the construction should be carried out with the
utmost care. Hurried and careless construction may readily lead to difficulties, either initially
or after some period of satisfactory operation. Therefore, take the time to do a good job.

This manual has been prepared to help youconstruct the amplifier with the least possible chance
of error. Please read it all the way through before starting any of the work.

UNPACK THE KIT CAREFULLY AND CHECK EACH PART AGAINST THE PARTS LIST. In
so doing, you will become acquainted with the parts. Refer to the charts on the inside covers
of the manual to help identify any doubtful components. If you find a part missing and you are
certain it has not been discarded with the packing material, attach the inspection slip to your
claim and notify us promptly of the shortage. Hardware items are counted by weight and if a
few are missing, please secure them locally if at all possible.

In order to expedite delivery to you, we are occasionally forced to make minor substitutions of
parts. Such substitutions are carefully checked before they are approved and the parts supplied
will work satisfactorily. By checking the parts list for resistors, for example, you may find
that a 51 KO resistor has been supplied in place of a 47 KQ as shown in the parts list. These
changes are self-evident and are mentioned here only to prevent confusion toyou in checking the
contents of your Kkit.

Resistors and controls generally have a tolerance rating of +20% unless otherwise stated in the
parts list. Therefore a 100 K resistor may test anywhere between 80 KQ and 120 K. (The
letter K is commonly used to designate a multiplier of 1000.) Tolerances on condensers are
generally even greater. Limits of +100% and -50% are common for electrolytic condensers.
The parts furnished with your Heathkit have been specified so as to not adversely affect the op-
eration of the finished instrument.

PROPER SOLDERING PROCEDURE

Only a small percentage of Heathkit purchasers find it necessary to return an instrument for
factory service. Of these, by far the largest proportion function improperly due to poor or
improper soldering.

Correct soldering technique is extremely important. Good solder joints are essential if the
performance engineered into the kit is to be fully realized. If you are a beginner with no ex-
perience in soldering, a half-hour's practice with odd lengths of wire and a tube socket will be
a worthwhile investment.

High quality solder of the proper grade is most important. There are several different brands
of solder on the market, each clearly marked ""Rosin Core Radio Solder. " Such solders consist
of an alloy of tin and lead, usually in the proportion of 50:50. Minor variations exist in the mix-
ture such as 40:60, 45:55, etc. with the first figure indicating the tin content. Radiosolders are
formed with one or more tubular holes through the center. These holes are filled with a rosin
compound which acts as a flux or cleaning agent during the soldering operation.

NO SEPARATE FLUX OR PASTE OF ANY KIND SHOULD BE USED. We specifically caution
against the use of so-called "non-corrosive' pastes. Such compounds, although not corrosive
at room temperatures, will form residues when heated. The residue is deposited on surround-
ing surfaces and attracts moisture. The resulting compound is not only corrosive but actually
destroys the insulation value of non-conductors. Dust and dirt will tend to accumulate on these
"bridges' and eventually will create erratic or degraded performance of the instrument.
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NOTE: ALL GUARANTEES ARE VOIDED AND WE WILL NOT REPAIR OR SERVICE
INSTRUMENTS IN WHICH ACID CORE SOLDER OR PASTE FLUXES HAVE BEEN
USED. WHEN IN DOUBT ABOUT SOLDER, IT IS RECOMMENDED THAT A NEW
ROLL PLAINLY MARKED "ROSIN CORE RADIO SOLDER" BE PURCHASED.

If terminals are bright and cleanand wires free of wax, frayed insulation and other foreign sub-
stances, no difficulty will be experienced in soldering. Crimp or otherwise secure the wire (or
wires) to the terminal, so a good joint is made without relying on solder for physical strength.
To make a good solder joint, the cleantip of the soldering iron should be placed against the joint
to be soldered so that the terminal is heated sufficiently to melt solder. The solder is then
placed against both the terminal and the tip of the iron and will immediately flow out over the
joint. Refer to the sketch below. Use only enough solder to cover wires at the junction; it is
not necessary to fill the entire hole in the terminal with solder. Excess solder may flow into
tube socket contacts, ruining the socket, or it may creep into switch contacts and destroy their
spring action. Position the work so that gravity tends to keep the solder where you want it.

Q
A\ (§\‘L

A poor solder joint will usually be indicatea py 1ts appearance.
The solder will stand up in a blob on top of the connection,
with no evidence of flowing out caused by actual "wetting'" of
the contact. A crystalline or grainy texture on the solder
surface, caused by movement of the joint before it solidified
is another evidence of a ""cold" connection. In either event,
reheat the joint until the solder flows smoothly over the en-
tire junction, cooling toa smooth, bright appearance. Photo-
graphs in the adjoining picture clearly indicate these two
characteristics.

STEP-BY-STEP ASSEMBLY INSTRUCTIONS

Attach the large fold-in pictorials tothe wall above your work space. The small reproduction in
the manual is intended for reference later on after the large copy has become mutilated or lost.

Leads on condensers and resistors are usually much longer than they need to be. These leads
should be cut to the proper length as the parts are wired into place. This will result in both
superior operation and neater appearance. Use insulated sleeving on bare wires of condensers
and resistors where necessary to prevent the leads from accidentally touching bare wires or
metal parts. Use lockwashers under all nuts unless otherwise specified.

Check off each step in the space provided ( ) as it is completed.
(S) means solder the connection. (NS) means do not solder yet.
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