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HELPFUL KIT BUILDING INFORMATION

Before attempting actual kit construction read the construction
manual through thoroughly to familiarize yourself with the general
procedure. Note the relative location of pictorials and pictorial inserts
in respect to the progress of the assembly procedure outlined.

This information is offered primarily for the convenience of novice
kit builders and will be of definite assistance to those lacking thorough
knowledge of good construction practices. Even the advanced elec-
troriics enthusiast may benefit by a brief review of this material before
proceeding with kit construction. In the majority of cases, failure to
observe basic instruction fundamentals is responsible for inability to
ohtain desired level of performance.

RECOMMENDED TOOLS

The successful construction of Heathkits does not require the use of
specialized equipment and only basic tools are required. A good quality
electric soldering iron is essential. The preferred size would be a 100
watt iron with a small tip. The use of long nose pliers and diagonal or
side cutting plers is recoonmended. A small screw driver will prove
adequate and several additional assorted screw drivers will be helpful.
Be sure to obtain a good supply of rosin core type radio solder. Never
use separale fluxes, paste or acid solder in electronic work.

ASSEMBLY
In the actual mechanical assembly of components to the chassis and
panel, it is important that the procedure shown in the manual be care-
fully followed. Make sure that tube sockets are properly mounted in
respect to keyway or pin numbering location. The same applies to
transformer mountings so that the correct transformer color coded
wires will be available at the proper chassis opening.

Make it a standard practice to use lock washers under all 6-32 and
8-32 nuts. The only exception being in the use of solder lugs—the
necessary locking feature is already incorporated in the design of the
solder lugs. A control lock washer should always be used between the
control and the chassis to prevent undesirable rotation in the panel.
To improve instrument appearance and to prevent possible panel
marring use a control flat nickel washer under each control nut.

When installing binding posts that require the use of fiber insulating
washers, it is good practice to ship the shoulder washer over the bindin
post mounting stud before installing the mounting stud in the pane
hole provided. Next, install a flat fiber washer and a solder lug under
the mounting nut. Be sure that the shoulder washer is properly
centered in the panel to prevent possible shorting of the binding post.

WIRING

When following wiring procedure make the leads as short and direct
as possible. In filament wising requiring the use of a twisted pair of
wires allow suflicient slack in the wiring that will permit the twisted
pair to be pushed against the chassis as closely as possible thereby
affording relative isolation from adjacent parts and wiring.

When removing insulation from the end of hookup wire, it is seldom
necessary to expose more than a quarter inch of the wire. Excessive
insulation removal inay cause a short circuit condition in respect to
nearby wiring or terminals. In some instances, transformer leads of
solid copper will have a brown haked enamel coating. After the trans-
former leads have been triinmed to a suitable length, it is necessary to
scrape the enamel coating in order to expose the bright copper wire
hefore making a terminal or soldered connection.

In mounting parts such as resistors or condensers, trim off all excess
lead lengths so that the parts may be installed in a direct point-to-
point manner. When necessary use spaghetti or insulated sleeving over
exposed wires that might short to nearby wiring.

It is urgently recommended that the wiring dress and parts layout
as shown in the construction manual be faithfully followed. In every
instance, the desirability of this arrangement was carefully determined
through the construction of a series of laboratory models.

SOLDERING

Much of the performance of the kit instrument, particularly in respect
to accuracy and stability, depends upon the degree of workmanship
used in making soldered connections. Proper soldered connections are
not at all difficult to make but it would be advisable to observe a few
precautions. First of all before a connection is to be soldered, the
connection itself should be clean and mechanically strong. Do not
depend on solder alone to hold a connection together. The tip of the
soldering iron should be bright, clean and free of excess solder. Use
enough heat to thoroughly flow the solder smoothly into the joint.
Avoid excessive use of solder and do not allow a flux flooding condition
to occur which could conceivably cause a leakage path between
adjacent terminals on switch assemblies and tube sockets. This is
particularly important in_instruments such ns the VIVM. oscillo-
scope and generator kits. Excessive heat will also burn or damage the
insulating material used in tne manufacture of switch assemnblies.
Be sure to use only good quality rosin core radio type solder.
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ASSEMBLY AND OPERATION OF THE

HEATHKIT SINE-SQUARE WAVE GENERATOR
MODEL AG-10

SPECIFICATIONS
Sine Wave:
Frequency Range:............coeeeunnn. 20 cycles - 1 MC
Output Volts (rms):. .. cccovvvsiainnnness 0-10 volts
0-1 volt Into a high impedance load.
0-.1 volt
0-.01 volt
Source Impedance (+ 10%):. .. ...t 10 volt range - Hi-Z;
1V, .1V, and .01 V range - 60052
DHSOPLION:: & 5.5 50 ctususnsssaiss i snmELsRnEss Less than .25%
20 to 20,000 cycles
Frequency ReSpONSEe:. .....coveeviucennnenns + 1.5db

20 cycles to 1 megacycle

Frequency Range:...........covieuveennn. 20 cycles - 1 MC

Output Volts (peak-to-peak) + 5%:........ g-iov:;?tlt } oy
0-.1 volt “

Source Impedance (+ 10%):. .............. 10 volt range - 0 to 2209

- 1V, and .1V ranges - 529
RISE THITE . . o o oo o oo 0 oo alofoalorsieseni®sss Less than .15 micro-second
General:

Frequency ACCUTacCy:......cccuceeenenns + 5%

Power Requirements:............cceeeen 105-125 VAC, 50-60 cycles
55 watts

DIEHBEONS: o« o cs s oc o ssvinanssssnsan 13" wide x 8 1/2" high x 7" deep

Shipping Weight:. .. .......ovvviiiiia.. 12 lbs.
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INTRODUCTION

The Heathkit Model AG-10, is a wide range, high quality, sine and square wave generator whose
frequency coverage extends from the bottom of the audio band to almost half way through the
broadcast band. Although the number of components is considerably smaller than similar com-
mercial instruments, the rise time of the square wave i8 extremely short, and the sine wave
distortion is unusually low. The wide frequency range and high quality waveforms will make
this instrument extremely useful in general laboratory use as well as in audio, television, and
high fidelity applications.

BIBLIOGRAPHY
Radiation Lab. Series Volume 19 "Waveforms" McGraw-Hill
Electronics May 1955 Peter Sulzer
Electronics May 1953 Savant
Radio Electronics July 1954 Graham
Radio and TV News June 1951 Jack Gallagher - W5HZB

CIRCUIT DESCRIPTION

The circuitry in your "sine-square generator' can be divided into three general parts, the sine
wave section, the square wave section, and the power supply.

The power supply is a full wave voltage doubler, where, due to the action of the silicon recti-
fiers, each half of the 117 volt, 60-cycle input sine wave, charges up its own 50 ufd capacitor.
These two capacitors are arranged in the circuit in such a way that the two charges are added
together to provide B+ for the rest of the instrument. From the 50-50 ufd capacitors, the cur-
rent path goes through a ripplefilter (100 ufd, 2502, 40 ufd), from where it is decoupled to the
plate supplies of the various stages.

The sine wave section is composed of a ""Bridged- vouTs
T Oscillator" with a cathode follower output

stage. The 6CB6 serves as a high gain, broad

band voltage amplifier, and the two 6CL6's are

both cathode followers. The first 6CL6, V-2,

provides regenerative feedback through the tung-

sten filament of the 3-watt lamp, to the cathode

of the 6CB6.

NEGATIVE
FEEDBACK
(DEGENERATIVE)

POSITIVE
FEEDBACK
{REGENERATIVE)

»

»
FREQUENCY

The same 6CL6, provides degenerative feed- o
back to the grid of the 6CB6 throughthe bridged-

T (or "notch") network. The resulting oscilla-

tion occurs at the frequency where degeneration 14
is minimum and the phase shift is zero. Perhaps

a simpler way of stating this, would be to say PHASE
that there is sufficient degeneration to stop os- SHIFT
cillation at all frequencies, except at the point PREQUENCY
where the phase shift is zero. At this point the K
degeneration decreasesto a level where oscilla- NEG. F8= POS. FB
tion occurs. PHASE SHIFT= 0

The resonant point of the circuit or "Notch", occurs where Sketch 1A R1

frequency = 2Tlﬁc_ R =yR1 Ry

The amplitude of oscillation is held nearly constant by the operation of
the tungsten lamp. An increase in the output increases the regenerative
feedback through the lamp, thereby increasing the lamp current. This
increase in current makes the lamp temperature rise and increases its
resistance, thereby decreasing the amount of feedback that passes

NOTCH  NETWORK

Sketch 1 B
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through to the cathode of V-1 and therefore lowering the output. A decrease in output would
affect the lamp in the opposite way, and increase the feedback and output.

The second cathode follower provides complete isolation between the oscillator and the output.

The attenuator supplies a 600 output impedance up through the 1 volt position. The 10 volt
position has a variable impedance depending on the setting of the variable output control.

The "feedback" control varies the amount of feedback to the cathode of the 6CB6 and therefore
controls the strength of oscillation.

The "flatness adj." trims one side of the tuning capacitor to exactly the same capacity as the
other side. Small differences in capacity, especially at the full open positionof the tuning capa-
citor, tend to make the output level change as the upper end of the calibrated frequency scale is
approached.

The "frequency adj. " adds or subtracts capacity from both sides-of the tuning capacitor simul-
taneously. As can be seen from the "notch" formula, this raises or lowers the frequency.

The "distortion adj. " adjusts the bias, and therefore the operating point, of the 6CB6.

SQUARE WAVE SECTION

The square wave section contains an input
cathode-follower, a ""Schmitt Trigger Circuit",
an output cathode follower, and an attenuator
circuit.

The "input' cathode follower serves as an isola-
tion stage to keep the square waves fromgetting |
back into the sine wave section. The sine wave j.znge
input to this tube is taken from the ""Notch' net-

work, since this is the closest place on the chassis I

. . . < §
where a sine wave is available. - Ws 10K

3-23MMF
WAVEFORM
ADJ.

The "output" cathode {follower isolates the

"Schmitt Trigger Circuit", by acting as a step- ax L
down impedance transformer. This is to keep -

external connections from affecting the quality B

of the square wave. = Schmitt Trigger Circuit

The "Schmitt Trigger Circuit” is, basically, a modification of the cathode-coupled mulivibrator,
except that the circuit action is a result of DC level changes and the circuit has no built-in time
constants. In this application, assuming no input signal, the input triode, V-5A, is normally
conducting and the output triode, V-5B, is normally cut off. As an input signal is applied to
the grid of V-5A, and starts going in a negative direction, the plate current starts to decrease,
therefore, increasing the plate voltage. Due to the 220K and 100 K2 voltage divider, this in-
crease in plate voltage also increases the voltage at the grid of V-5B and starts to bring that
stage out of its cut-off condition. As soon as V-5B grid voltage increases to the point where
V-5B begins to conduct, its plate currentincreases the voltage across the 10 KQ common cathode
resistor.

This increase in cathode voltage decreases the plate current of V-5A still further, and theaction
of the previous steps quickly repeat themselves until V-5A is in a cut-off condition, and V-5B
is in saturation. The circuit stays in this condition until the input voltage at the grid of V-5A
returns again to the positive voltage that allows V-5A to begin conducting. When this happens,
the circuit acts the same way as described in the previous paragraphonly in the reverse direc-
tion, and returns to the state it was in when we first assumed no input signal.

Page 4






