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HEATHKIT AUDIO GENERATOR

MODEL AG-9A

SPECIFICATIONS
Frequency Range:. .. .. cciveennunnsaresassss 10 cycles - 100 kc
Tuning Method:. ... vicovepoiiwnneiess .. .. Switch-selected, 2 significant figures and multi-
plier.
Frequency ACCUTACY:. ... ccuvvvcrcnroennnns +5%
Output Yollage RABBOS:. ..o wnsw s siv wn ois w0 s 0-10 volts into Hi-Z (10 KQ min. )
0-3 volts into Hi-Z (10 K2 min.)
0-1 volts
0-.3 volts Into external load of approx-
0-.1 volts imately 600 Q or with internal
0-.03 volts load into external Hi-Z.
0-.01 volts
-~ 0-.003 volts
Source Impedance:. .. ... csvvevsessvesss s 0-10 volt range - varies between 0 and 1000 Q.

0-3 volt range - varies between 800 and 1000 Q.
0-1 volt range and below - 600 Q (External Load)
290 Q (Internal Load)

DB AR . o oo omes i s -60 db to +22 db (-10 to +2 on meter, -50 to +20
on attenuator in 10 db steps).

DBM Ranges (600 Q Ext. Load):.............. -60 dbm to +2 dbm (0 dbm = 1 mw-600 )

Owtpit IMCAHION:. .. . «i v iwsvsssvmiasvvs s Voltage and db scales on meter.

Output Meter Accuracy:.........c..cccveeaues +5% of full scale when properly terminated.

DISLORtION: .. .« « svowwnivis R R R R Less than 0.1% from 20-20,000 cycles.

Tube Complement:......... T —— 6X4, 6AU6 and 6CL6

Power Requirements:...............c0000u.en 105-125 volts, 50-60 cycles, 40 watts

THMMPORIDRR . oo s e T A R R 9 1/2" wide x 6 1/2" high x 5" deep
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INTRODUCTION

The Heathkit model AG-9A Audio Generator is a simple, yet versatile instrument. While simple
in layout and easy to construct, the carefully assembled instrument provides ease of operation
in a multitude of test setups encountered in audio laboratories. The wide range of repeatable
frequencies and the metered low distortion output voltages covering nearly all values encoun-
tered in audio work contained in the conveniently small cabinet will entitle this instrument to a

preferred spot in the laboratory.

The excellent performance of which this design is capable will not be realized in the finished in-
strument, UNLESS the assembler uses the best workmanship of which he is capable. Poor sol-
dering technique, corrosive fluxes (acid core, so-called non-corrosive pastes), hurried and
careless construction and failure to follow procedures outlined in this manual are the most pre-
valent causes for unsatisfactory operation. Protect your investment in time and money and reap
the reward of personal satisfactionthat money cannot buy, by doing a first class job of construct-
ing this kit.
CIRCUIT DESCRIPTION

The circuit of this instrument may be divided into four parts: the power supply, the oscillator,
the attenuator and the metering circuit.

The power supply uses the conventional power transformer full wave rectifier circuit feeding a
ripple filter consisting of two condensers and a choke.

The oscillator uses a 6AU6 pentode voltage amplifier and a 6CL6 triode-connected cathode fol-
lower. Regenerative feedback from the 6CL6 tothe 6AU6 cathode is applied through the tungsten
filament candelabra based lamp.

Degenerative feedback is applied from the 6CL6 w:

through a '"notch' network to the grid of the 6AU6.
The resultant oscillation occurs at the ''notch"
frequency, where degeneration is minimum and - S
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nearly constant value by the tungsten lamp. The o
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lator' control. An increase in output signal in-
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of feedback applied to the 6AU6 cathode and the .
resultant output. A balancedcondition is thus obtained. The ""oscillator" _“_ i
control is used to set the nominal output level. | l
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The "notch" network consists basically of two resistances and two con- -;; o

densers. From the relationship shown it is evident that a decrease in |
capacities by a factor of 10 will increase the frequency by a factor of 10. _ =
As the values of C1 and C2 were chosen with a 10:1 ratio, five conden- REeD: HELNRES
sers cando the job of four pair or eight, in achieving four decade ranges.



For frequency variation within the steps of 10 times provided by the multiplier switch, the value
of R is changed. For a multiplier switch setting of X1 a resistance (R) of 100 K2 will produce

a frequency of 10 cycles. As F and R are inversely proportional, 20 cycles or twice the fre-
quency, requires half the resistance, or 50 K. Likewise, 30 cycles or three times the fre-

quency requires 1/3 the resistance or 33.3 K. The 0-100 "cycle' switch uses two decks, each
deck switching four resistors as follows: 100 KQ, 50 K2, 33.3 K, 25 KR. 100K / 25K = 20 K;
SOK/25K=16.TK; 33.3K/25K=143K; 100K /33.3 K /256 K=125K; S0K /33.3K
#25K=11.1K; 100K /50K / 33.3 K / 25K =10 K. These resistance values produce fre-
quencies of 10 to 100 cycles in steps of 10 cycles. (/ means "in parallel with. ")

Frequency variations within a 10 cycle span are produced by the 0-10 '"cycle' switch. Here the
same reasoning andcircuitry are used as above but the actual resistance values are substantially
ten times larger. These resistance values are connected in parallel with the first switch and
produce one cycle increments.

The attenuator reduces the output voltage from the 6CL6 cathode-follower through a continuously
variable 5 KQ2 ""output' control, and then through a step attenuator. The attenuator system is
designed for 600 Q output up through 1 volt and high impedance output at the 3 and 10 volt posi-
tions. The 600 2 positions may be terminated by an internal load for high impedance work or
this load may be disconnected when an external 600 Q load is used. In the 3 and 10 volt positions,
the internal load is automatically disconnected. The attenuator operates in steps of 10 db.

The metering circuit measures the voltage at the arm of the "output' control. A portion of this
voltage, determined by the "meter' control, is rectified by a half-bridge using crystal diodes.
Non-linearity of the diodes at low signal level is compensated by a third diode across the meter.
The meter carries three scales: 0-10 volt, 0-3 volt, and -10 to +2 db. When the instrument is
operated with the proper termination, the meter and attenuator will indicate the output level at
the binding posts.

STEP-BY-STEP ASSEMBLY INSTRUCTIONS

A kit of parts can be assembled into the finished product in a variety of ways; from pictorials,
photographs or from circuit diagram alone. However, evenexperiencedand skilled professional
persons have discovered that a combination of pictorials and step-by-step written instructions
provide the fastest, most convenient way. This also guards against the disappointment of fail-
ure tooperate after construction is completed, due to a single minor hard-to-find omission.

The written assembly instructions in this manual are divided into small operations or steps.
Each step is a complete operation. Read the entire step through, then do that operation and
check it off as completed. After an interruption, it is easy to find where you left off by the
check marks. Read over the last checked step and you are all ready to continue.

The major pictorials in this manual are reproduced on large separate sheets. Fasten the ap-
propriate pictorial on the wall above your work space. This will save you paging back and forth
in the manual.

In the mechanical assembly, use lockwashers under all 6-32 nuts and between all controls or
switches and the mounting surface.

In the wiring (S) means solder this connection and (NS) means do not solder yet, as more wires
will be connected to this point. If more than one wire is to be soldered at a connection point,
the instructions will appear as follows (S) (3) which means solder this connection which should
have three wires connected to it. This will provide a running check of multiple connections.

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 because of poor or
improper soldering.
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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 alloyof tin and lead, usually in the proportion 50:50. Minor variations existin the mixture
such as 40:60, 45:55, etc. with the first figure indicating the tin content. Radio solders 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 no* 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.

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 andclean and 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 that a good joint is made without relying on solder for physical
strength. To make a good solder joint, the clean tip of the soldering iron should be placed
against the joint tobe soldered so that the terminal is heated sufficiently to melt solder. The sol-
der is then placed against both the terminal and the tip of the iron and will immediately flow out
over the joint. Referto 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 sothat gravity tends to keep the solder where you want it.

‘t‘
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A poor solder joint will usually be indicated by its appearance.
The solder will stand up in a blob on top of the connection,
with no evidence of flowingout 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, coolingto a smooth bright appearance. Photo-
graphs in the adjoining picture clearly indicate these two
characteristics.

A good, clean, well-tinned soldering iron is also important
to obtain consistently perfect connections. For most wiring,
a 60 or 100 watt iron, or the equivalent in a soldering gun,
is very satisfactory. Smaller irons generally will not heat the connections enough to flow the
solder smoothly over the joint and are recommended only for light work, such as on etched cir-
cuit boards, etc. Keep the iron tip clean and bright. A pad of steel wool may be used to wipe
the tip occasionally during use.

Take this precaution and use reasonable careduring the assembly of the kit. This will insure
the wonderful satisfaction of having the instrument operate perfectly the first time it is turned
on.

\
\
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PICTORIAL 2

Page 7



— f

WAFER s - J
. CHASSIS
- PIN - T
SOCKET 4
CANDELABRA | _
Figure 2 LAMP ==
SOCKET J

-

( ) Mount the two 7-pin and one 9-pin wafer type tube
sockets on the chassis with 3-48 screws and nuts.
See Figures 1 and 2 for identification. Note the po-
sitionof the blank spaces in Pictorial 1 on Page 6.

Observe that the sockets mount below the chassis. LOCKWASHER
( ) Mount the condenser mounting wafer on top of the = mt"“";"
chassis. At the same time, install the candel-
abara lamp socket as shown in Figure 3. Figure 3

( ) Install the four 3/8 rubber grommets in positions shown in.Pictorial 1.
( ) Mount the 5-lug terminal strip with 6-32 hardware as shown.
( ) Mount the filter choke below the chassis with 6-32 hardware.

( ) Mount the power transformer on top of the chassis. Also install the 3-lug terminal stripas
shown in Figure 4.

( ) Mount the 600 2 oscillator control with a control lockwasher and a
control nut. See Figure 5.

( ) Mount the 10 K2 meter control in the same manner.

PANEL

CONTROL
LOCKWASHER

LOCKWASHER—__ |

Figure 4 6-32 NUT—eD

HOW TO MOUNT CONTROLS & SWITCHES,

( ) Fasten the panel to the chassis by installing the slide switches. Use 6-32 hardware, with
the screw through the panel, the chassis and the switch. Note the position of each switch
in Pictorial 1 (lugs inward). Check the alignment of the three holes in the paneland chassis

before tightening the screws.

( ) Install the binding posts. Use binding post base, insulator bushings, solder lug and 6-32
nut. See Figure 6. On the one nearest the edge of the panel, include a larger control sol-

der lug between the bushing and the inside of the panel.
( ) Install the 5 KR output control on the panel with a lockwasher between control and panel and

a nickel washer between control nut and panel. See Pictorial 2 for position.
( ) Install the multiplier switch in the same manner.
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A MARKED LUG

Figure 7 Figure 9

METER SUB-ASSEMBLY

( ) Remove one nut and the solder lug from each meter stud. NOTE: Hold the inner nut while
loosening the outer nut, so no strain is placed on the plastic meter housing. Run the re-
maining nut down on the meter stud.

( ) Install the terminal board on the meter studs with the solder lugs and nuts that came on the
meter.

( ) Solder the pilot light socket to the terminals as shown in Figure 7 (S).
( ) Install the meter on the front panel with the hardware supplied in the meter box.

( ) Slip the 3/8" fiberglas sleeving over the pilot lamp and install the lamp in its socket. Slip
the sleeving against the panel.

WIRE THE 5-LUG STRIP
( ) Connect a 2 KQ resistor between lug 1 (NS) and lug 4 (NS). See Figure 8.

( ) Connect a 10 KQ2 resistor between lug 4 (NS) and lug 5 (NS).

( ) Connect another 10 K2 resistor between lug 2 (NS) and.-lug 5 (NS). Make sure the lead wires
do not touch connections: to lug 4.

( ) Connect a 5 1/2" wire between lug 4 (NS) and the negative (-) lug (S) on the meter.
( ) Connect a 7 1/2'" wire between lug 2 (NS) and the positive (+) lug (S) on the meter.

( ) Connect a crystal diode with the cathode lead (see page 23 for coding of cathode on diodes)
to lug 1 (S) (2). Connect the other lead to lug 2 (NS). Leave leads as long as possible.

( ) Connect a second crystal diode with the cathode lead to lug 2 (S) (4). Connect the other lead
to lug 3 (NS). Leave leads as long as possible.

( ) Connect a third crystal diode with the cathode lead to lug 3 (NS). Connect the other lead to
lug 4 (S) (4). Leave leads as long as possible.

( ) Install the filter condenser on top of the chassis by passing the mounting prongs through the
slots in the mounting wafer, (make sure the condenseris properly positioned) and twist the
prongs 1/8 turn with a pair of pliers. See Figure 9 and Pictorial 1 on Page 6.
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CHASSIS WIRING

) Place the transformer leads through the grommets and connect the red-yellow lead to a

twisted mounting prong (NS) on the filter condenser.

) Connect the red leads to pin 1 (S) and pin 6 (S) on the 6X4 socket.

) Connect the green leads to pin 3 (NS) and pin 4 (NS) on the 6X4 socket.

) Connect a wire between pin 3 (NS) on the 6X4 socket and the twisted mounting prong (S) (2)

on the filter condenser.

) Twist two 6 1/2'" lengths of wire together and connect one end to pin 3 (S) (3) and pin 4 (S)
(2) on the 6X4 socket. Connect the other end to pin 3 (NS) and pin 4 (NS) on the 6AU6 socket.

)} Twist two 2 1/2" lengths of wire together and connect one end to pin 3 (NS) and pin 4 (NS)
on the 6AU6 socket. Connect the other end to pin 4 (S) and pin 5 (S) on the 6CL6 socket.

) Twist two 11" lengths of wire together and connect one end to pin 3 (S) (3) and pin 4 (S) (3)
on the 6AU6 socket. Place the other end through the nearest grommet and connect to the
pilot light terminals (S) on the meter terminal board as shown in Pictorial 2 on Page 7.

) Connect a wire between pin 7 (S) on 6X4 socket and a marked lug (NS) onthe filter condenser.

) Connect one lead from the filter choke to the a marked lug (S) (2) on the filter condenser.

) Connect the other lead of the filter choke to the « marked lug (NS) on the filter condenser.

) Connect a wire between the a marked lug (S) (2) on the filter condenser and pin 3 (NS) on the

6C L6 socket.

) Twist two 11 1/2" lengths of wire together and connect one end to the OFF-ON slide switch
(S). Connect the other end to lug 2 (NS) and lug 3 (NS) on the terminal strip.

) Connect one black transformer lead to lug 3 (S) (2) and the other black lead to lug 1 (NS) on

the terminal strip.

) Connect a wire between a second twisted mounting prong (S) on the filter condenser and
through lug 2 (NS), through lug 3 (NS) on the 600 § oscillator control to lug 1 (NS) on the

10 K2 meter control.

) Connect a wire between lug 1 (S) on the candelabra socket and lug 1 (NS) on the 6002 oscil-

lator control.

) Connect a 330 Q resistor between lug 1 (S) (2) on the oscillator control, through pin 7(S) to

pin 2 (NS) on the 6AU6 socket.

) Connect a wire between pin 5 (S) on the 6AU6 socket and pin 9 (S) on the 6CL6 socket.

) Connect a 120 K2 resistor between pin 6 (NS) (use sleeving over this lead) on the 6AU6
socket and through pin 8 (S) to pin 3 (NS) on the 6CL6 socket.

) Connect a 47 Q resistor between pin 1 (S) and pin 7 (NS) on the 6CL6 socket.

) Connect a 47TKQ 1 watt resistor between pin 2 (S) and through pin 6 (S) to pin 3 (S) (3) on the

6C L6 socket.

) Connect a 16 ufd 150 volt electrolytic condenser with the positive (+) lead to pin 6 (S) (2) and

the negative (-) lead to pin 2 (S) (2) on the 6AU6 socket.

condenser close to chassis.

Use sleeving on both leads. Place
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( ) Install the line cord. Place it through the grommet in the rear edge of the chassis. Tie a
knot for strain relief. Connect one lead to lug 1 (S) (2) and the other lead to lug 2 (S) (2) on

the terminal strip.

( ) Connect a 20 ufd 350 volt electrolytic condenser with the

negative (-) lead to lug 2 (NS) on the candelabra socket
and the positive lead (+) topin 7 (NS) on the 6CL6 socket.

Use sleeving on these leads.

( ) Connect a 5000 2 20 watt resistor between pin 7 (S) (3)
on the 6CL6 socket and lug 2 (S) (2) on the oscillator
control. Leave the leads fairly long and dress as shown

in Figure 10.

( ) Connect a 71/2" wire between lug 2 (NS) on the candel-
abra socket and lug 3 (S) on the output control.

PLACE 3000 OMM 20 WATT RESISTOR
AS SHOWN FOR MAXIMUM COOLING

( ) Connect a 3 1/2" wire between lug 3 (S) (2) on the oscillator control and lug 1 (S) on the out-

put control.

( ) Connect a wire between lug 5 (S) (3) on the 5-lug terminal strip and the nearest twisted

mounting prong (NS) on the filter condenser.

( ) Connect an 8 1/2" wire between lug 3 (S) (3) on the 5-lug terminal strip and lug 2 (S)on the

meter control.

CYCLE SWITCH SUB-ASSEMBLY:
Check only one &/) ( ) for each operation.

**See NOTE below.

( )( ) Connect a 50K precision resistor between
lug 9 (S) (double clip) on the front section and
through lug 9 (S) to lug 10 (NS) on the rear
section.

( )( ) Connect a 100 K2 precision resistor between

lug 10 (S) on the front section, through lug
10 (S) (2) to lug 1 (NS) on the rear section.

( )( ) Connect a 25 K precision resistor between
lug 1 (S) on the front section, through lug 1
(S) (2) to lug 2 (NS) on the rear section.

( J{ ) Connect a 33.3 K2 precision resistor between
lug 2 (S) on the front section, through lug 2
(S) (2) to lug 3 (NS) on the rear section.

( )( ) Connect a 50 K2 precision resistor between
lug 4 (S) (double clip) on the rear section,
through lug 4 (S) to lug 5 (NS) on the front
section.

\ \1o [ REAR
M \ [sEcTion

( )( ) Connect a 100 K2 precision resistor between lug 5 (S) on the rear section, through lug 5(8)

(2) to lug 6 (NS) on the front section.

( )( ) Connect a 25 K precision resistor between lug 6 (S) on the rear section, through lug 6 (S)

(2) to lug 7 (NS) on the front section.
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( )( ) Connect a 33.3 K2 precision resistor between lug 7 (S) on the rear section, through lug 7
(S) (2) to lug 8 (NS) on the front section.

**Now repeat each step and check the second (v) for eachoperation, as the second CYCLE switch
is wired. Substitute 510 KQ 5% for 50 K, 1 megohm 5% for 100 K2, 240 K2 5% for 25 KQ and
330 KQ 5% for 33.3 KQ2.

( ) Install the precision cycle switch through chassis and panel with lockwasher, nickel washer
and control nut in the 0-100 position.

( ) Install the 5% cycle switch in the same manner in the 0-10 position.

( ) Connect a 47 uuf condenser between lug 1 (S) on the front
and lug 1 (S) on the rear of the multiplier switch.

( ) Connect a 500 u uf condenser between lug 2 (S) onthe front
and lug 2 (S) on the rear.

( ) Connect a .005 ufd condenser between lug 3 (S) on the
front and lug 3 (S) on the rear.

( ) Connect a .05 ufd condenser between lug 4 (S) on the
front and lug 4 (S) on the rear.

( ) Connect a .5 ufd condenser between lug 5 (S) onthe front
and lug 5 (S) on the rear.

( ) Connect a 4 1/2'" wire between lug 6 (S) on the front of
the multiplier switch and a third twisted mounting prong
(S) (2) on the filter condenser.

( ) Connect a 3 1/2'" wire between lug 7 (S) on the front of
the multiplier switch and lug 3 (NS) (double lug) on the
front of the precision cycle switch.

( ) Connect a 3" wire between lug 3 (S) (2) (double lug) on
the front of the precision cycle switch and lug 3 (NS)
(double lug) on the front of the 5% cycle switch. Figure 12

( ) Connect a 4 1/2" wire between lug 3 (S) (2) (double lug) on the front of the 5% cycle switch
and pin 1 (S) on the 6AUS6 socket.

( ) Connect a2 3" wire between lug 8 (S) (2) on the front of the precision cyclle switch and lug 8
(NS) on the front of the 5% cycle switch.

( ) Connect a 2" wire between lug 8 (S) (3) on the front of the 5% cycle switch and lug3 (NS)on
the rear of the precision cycle switch.

( ) Connect a 3" wire between lug 3 (NS) on the rear of the precision cycle switch and lug 3 (S)
(2) on the rear of the 5% cycle switch.

( ) Connect a 4 1/2" wire between lug 3 (S) (4) on the rear of the precision cycle switch and lug
6 (S) on the rear of the multiplier switch.

( ) Connect a 3" wire between lug 8 (S) (double lug) on the rear of the precision cycle switch
and lug 8 (NS) (double lug) on the rear of the 5% cycle switch.

( ) Connect a 1 1/2" wire between lug 8 (NS) (double lug) on the rear of the 5% cycle switch and
lug 2 (S) (3) on the candelabra socket.
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( ) Connect a 4" wire between lug 8 (S) (3) (double lug) on the rear of the 5% cycle switch and
lug 7 (S) on the rear of the multiplier switch.

Dress all preceding wires so they will not interfere with operation of the switches.

ATTENUATOR SWITCH SUB-ASSEMBLY

( ) Connect a 750 Q resistor between lug 2 (NS) and lug 8
(NS) on the front section.

S\ " A\ —

( ) Connect a 1600 2 resistor between lug 8 (S) (2) and lug W, ¥ Isscnoul
7 (NS) on the front section. iR e _

C_ "\

( ) Connect an 1100 resistor between lug 4 (NS) and lug 7 X
(NS) on the front section. 2400\ \ |

( ) Connect another 1600 Q resistor between lug 7 (S) (3)
and lug 6 (NS) on the front section.

( ) Connect another 1100 Q resistor between lug 6 (NS) and

lug 4 (NS) on the front section. N P, FRONT
__ 48 ¢ | |SECTION

( ) Connect a third 1600 2 resistor between lug 6 (S)(3) on
the front section and lug 7 (NS) on the rear section.

( ) Connect a bare wire (cover with sleeving) between lug
5 (S) on the front sectionand lug 8 (S) onthe rear section.

( ) Connect a 3" bare wire between lug 4 (S) (3) and after
slipping a 1/2" length of sleeving on, place the lead - Figure 13
through lug 2 (NS) on the front section. Leave the ex-
cess bare wire for eventual connection to a binding post.

( ) Connect a 1 1/2" bare wire to lug 3 (S). Leave the other end for eventual connection to the
load switch.

( ) Connect a 3" bare wire to lug 2 (S) (3) on the front section and after slipping on a 1" length
of sleeving, place through lug 1 (NS) on the rear section. Leave the excess length for event-
ual connection to the controls.

) Connect a third 1100 Q resistor between lug 1 (NS) and lug 7 (NS) on the rear section.

} Connect a fourth 1600 2 resistor between lug 7 (S) (3) and lug 6 (NS) on the rear section.

(

(

( ) Connect a fourth 1100  resistor between lug 2 (NS) and lug 6 (NS) on the rear section.

( ) Connect a fifth 1600 Q resistor between lug 6 (S) (3) and lug 5 (NS).

( ) Connect a fifth 1100 Q resistor between lug 5 (NS), through lug 2 (S) (2) to lug 1 (S) (3).

( ) Connect a 390 Q resistor between lug 5 (S) (3) and lug 4 (NS).

( ) Connect a 2400 Q2 resistor between lug 4 (S) (2) and lug 3 (NS).

( ) Connect a 560  resistor between lug 2 (S) on the load switch, through the nearest binding
g:isttcz?lder lug (S). Leave the excess lead wire for eventual connection to the attenuator

( ) Install the attenuator switch with lockwasher, nickel washer and control nut throughthe chas-
sis and panel. Position as shown.
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( ) Connect the bare wire from lug 1 on the rear section of the attennator switch to lug 1 (S) (2)
on the meter control.

( ) Connect a 4700 2 resistor between lug 3 (S) on the meter control and lug 3 (NS) on the rear
section of the attenuator switch.

( ) Connect a 5" wire between lug 2 (S) on the output control and lug 3 (S) (3) on the rear sec-
tion of the attenuator switch.

( ) Connect the bare wire from lug 3 on the front section of the attenuator switch to lug 1 (S)
on the load switch.

( ) Connect the bare wire from lug 2 on the front section of the attenuator switch to both the
large and small solder lugs (S) on the binding post in the corner of the panel.

( ) Connect the bare wire left on the other binding post to lug 1 (S) on the front section of the
attenuator switch.

This completes the wiring of the instrument. Shake out all the loose solder bits and wire clip-
pings. Inspect the wiring carefully. Check lead dress (bare leads contacting metal parts, com-
ponents touching moving parts) and inspect each connection carefully for proper soldering.

6CL6 6AUG
@ g

o %o Oy
@ @

( ) Install the five knobs with set screws on the shafts of the panel controls and position them
properly.

( ) Install the 3 watt 115 volt candelabra lamp and the 6X4, 6AU6 and 6CL6

tubes in their proper sockets. See Figure 14.
INSTALL FEET 4

SHOWN
( ) Prepare the cabinet by installing the handle with 10-24 screws and by push- *
ing the rubber feet into the four holes in the bottom. Moistening the rub- ¥
ber feet will facilitate installation.
Figure 15



INITIAL TEST AND ADJUSTMENT

Plug the line cord into a 105-125 volt 50-60 cycle outlet. Do not plug into an outlet of higher
voltage or lower frequency, or a DC outlet, as an incorrect power source will damage the trans-
former.

Turn power switch on and observe tubes and pilot lamp as they light up. If they donot light, turn
power off and investigate filament circuit wiring. Set OSCILLATOR and METER controls about
midway. Set precision (0-100) CYCLE switch to 10 or more and advance OUTPUT control. This
should show a reading on the meter.

Calibrate the meter. NOTE: If in the following test the OUTPUT control is left off or fully
counterclockwise, it will be severly damaged. Proceed as follows: Turn both CYCLE switches
to 0. Turn the OUTPUT control to maximum clockwise. Turn the ATTENUATOR to maximum
clockwise (10 volt or +20 db). Connect a wire between the red output binding post and one of the
pilot light terminals on the meter terminal board. Use the terminal that gives a meter indica-
tion. Turn the METER control to produce a meter reading of 6.3 volts on the 0-10 scale (a lit-
tle over half-way up the scale). Now remove the wire.

If an accurate AC voltmeter of adequate sensitivity (at least 500 2 per volt on the 10 volt range
for instance) is available, it should be used in preference to the above procedure. In that case:
select a suitable frequency (between 50 and 3000 cycles, depending on the AC meter used) with
the CYCLE and MULTIPLIER switches and connect the meter to the output of the generator.
Ad]ust the METER control to produce equal readings on the two meters.

Adjust the OSCILLATOR control as follows: No connections to the output terminals. OUTPUT
control at maximum. CYCLE switches and MULTIPLIER to 10 cycles or more. Turn OSCIL-
LATOR control to give just over full scale reading on the meter. Select various frequencies
between 10 cycles and 100 kc and if the output drops below full scale, readjust OSCILLATOR

control for full scale. Do not adjust OSCILLATOR control higher than necessary as higher than
nominal distortion will resulit.

This completes the adjustment of the instrument. Install the generator in the cabinet and fasten
with the two #6 sheet metal screws through the rear of the cabinet into the chassis.

IN CASE OF DIFFICULTY
If upon completion of careful construction, the instrument fails to operate as specified, proceed
as follows:
1. Check the wiring carefully step-by-step. Often having a friend check for you will locate an
~ error consistently overlooked.
2. Inspect visually for malfunctioning, such as tubes lighting, discoloring of resistors through

overheating, etc.
3. Inspect electrically with a voltmeter. The nominal voltages between tube socket pins and

chassis are tabulated below. Nominal voltages were measured with a VTVM with11l megohm
input resistance. Lower resistance meters may give lower readings in some instances
(particularly pin 6 on the 6AU6). Normal deviations due to line voltage and component var-

iation may reach +20%.

‘ soac|ne [ x | x | wc Joomo] | [

oS mnnnmm— |

oo fuo Jao a0 | x | x [ao]auo]ao ]
|

NC - no connection. X - heater voltage (one pin 0 volts, other pin 6.3 volts AC.)
Generator frequency set to 10 cycles or higher.

Page 16



Discrepancies of indicated voltages warrant investigation of the particular circuit involved.
Wiring errors or faulty components may be found with inspection or resistance measurements.

Consider the characteristics of the circuit by rereading the circuit description. An understand-
ing of the theory will aid in locating and correcting difficulties.

If intelligent investigation along the lines indicated does not solve your problem, write to the
Heath Company describing your difficulty in detail, giving all symptoms, voltages and other data
that may aid in correcting yourtrouble. Be sure to state model and name of instrument, AG-9A

Audio Generator. You will receive a prompt reply to guide your further efforts.

APPLICATION

This instrument lends itself to the many applications in audio laboratories where a near-perfect

sine wave signal within its amplitude and frequency limits is required. Some of the applications
are as follows:

Signal source for bridge measurements.
Signal source for harmonic distortion measurements.

Signal source for external modulation of RF signal generators.
Signal source for testing of audio amplifiers for gain and frequency response.

OPERATION

The instrument produces a low distortion sine wave signal voltage of adjustable amplitude and
frequency. To select the desired frequency, adjust the 0-100 knob to the first significant figure,
adjust the 0-10 knob to the second significant figure and turnthe multiplier to the desired value.

Example: For a frequency of 35 cycles, set the 0-100 knob to 30, the 0-10 knob to 5 and the
multiplier to X1.

Example: For a frequency of 72 kc, set the 0-100 knob to 70, the 0-10 knob to 2 and the multi-
plier to X1000.

To select the desired output amplitude into a high impedance load (10 K2 or more): Set the LOAD
switch to internal, the ATTENUATOR to the nearest full scale value above the desired output;
adjust the OUTPUT control to give the desired output on the appropriate meter scale.

Example: Desired voltage 7.3 volts. Set ATTENUATOR to 10 volts full scale. Turn OUTPUT
to give a 7.3 volt reading on the 0-10 volt scale.

Example: Desired voltage .025 volts. Set ATTENUATOR to .03 volts full scale. Turn OUT-
PUT to give a 2.5 volt reading on the 0-3 volt scale.

To select the desired output amplitude into an external 600 2 load (1 volt maximum): Set the
LOAD switch to external and proceed as above.

USING THE DB SCALE

The decibel is a ratio of two power levels and is used in comparative expressions. It may be
applied to voltage levels if the impedances are identical. It may be used as a quantitative indic-
ation for one power or voltage level if the other level is defined. In this instrument, the db

scale is based on a reference or standard level of 0 db = 1 milliwatt in 600 2. I used with a
600 Q external load, the meter reading is expressed in dbm and the reference level is auto-

matically defined.

H the instrument is used with loads differing from 600 Q but substantially less than 10 K2, cor-
rection factors for the voltage reduction in the attenuator and for the db level may be calculated.

i the instrument is used with high impedance loads, the relation between two signal levels may
be expressed as a number of db difference.
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Example: A device requires a signal of .61 volts on one input jack for a certain output. It re-
quires a signal of .012 volts on another input jack for the same output. How many db difference

between the two input jacks?
.61 volts is - 2 db (on meter) +0 db (on attenuator) = -2
.012 volts is -6 db (on meter) -30 db (on attenuator) = -36
level difference is (-2) - (-36) = 34 db.

NOTE: Theoretically the input impedances should be equal in the above example. The method
described is generally more useful than calculating the power level at each input (using voltage
and input impedance and using the formula:

Py E12/R}
db =10log — = 101
o8 P9 o8 E22/R2
for equal impedances this reduces to:
2
(E1) Ey
(E2) E2

Although theoretically correct, erroneous impression may be gained by using the above approach:
Changing a 10 K2 grid resistor to 10 megohm decreases the power level by a factor of 100
or 20 db. Yet the input voltage is unchanged.

For further information see: Langford-Smith; Radiotron Designer's Handbook, 4th Ed. Ch. 19

ACCURACY

As the output of this instrument is a signal voltage of a certainfrequency and a certain amplitude
a certain amount of accuracy of those two factors may be expected.

Frequency is primarily determined by the "notch'' network and thus the precision of the compon-
ents in this network. Nominal tolerance on the precision resistors is 1%, on the condensers 2%.
The influence of the 5% resistors is at most, a tenth of the effect of the precision resistors, so
their maximum contribution is not more than 1/2%. Allowing for temperature effects, stray
capacities and phase shift of the amplifiers at the frequency limits, the maximum frequency
error is expected to fall within 5% of the indicated frequency.

Output voltage depends on a number of factors. Meter calibration is the task of the constructor
and it should be borne in mind that many standard meters are subject to frequency errors. Iron
vane and dynamometer instruments rarely maintain their rated accuracy above 150 cycles. Rec-
tifier instruments begin todrop at about 5 to 10kc. The output voltage is further affected by the
~ attenuator. Here 5% resistors are used and the resultant accuracy should fall within 5%. The
attenuator accuracy also depends on the load resistance, particularly on the 3 volt range, where
a 12 K2 load makes the output 1/2 db less than indicated and a 20002 load causes 3 3 db error.

On the 1 volt range and below, a high impedance load will be subject to twice the indicated vol-
tage (6 db high) if the internal load is not used.

On the 10 volt range however, loading, while lowering the output voltage, will not cause error
because the meter indicates the output voltage directly. Loads of less than 10 K2 may increase
the distortion and very low resistance loads effectively short out the 6CL6 output and cause
oscillation to cease, when the output control is set at maximum.

The meter and its circuit contribute additional inaccuracies at voltages differing from the cali-
bration voltage. The meter movement may deviate as much as 2% of the full scale value due to
the discrepancy between the nominal meter curve on which the scale is based and the character-
istics of the particular movement in an instrument. The meter rectifiers are non-linear at low
voltages but this deviation is effectively compensated for by the third diode. Considering all the
factors affecting the accuracy of the output voltage, it is expected to fall within 5% of indicated
value.
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AG-9A Audio Generator

7 Output and frequency indicators accurate to within + 5%

7 Built-in 600 ohm load, switch selected

7 All frequencies tuned by switch method—no human tuning error to consider
1 200 microampere meter calibrated in volts RMS and db

1 Attenuation both continuous and in calibrated steps

Attention hi-fi perfectionists! This is what you've been looking for; a small, compact audio generator
that produces a near perfect sine wave with close frequency control and metered output voltage.

The model AG-9A provides quick and accurate selection of low-distortion signals throughout the
audio range. Three rotary switches select two significant figures and a multiplier to determine audio
frequency. Switch selection of frequencies allows return to the exact frequency previously
measured, without error as might be encountered with continuously variable tuning. Frequency can
be varied in increments if 1 CPS from 10 to 100 CPS. A four-position multiplier switch increases this
range in multiples of 10, thus providing the overall range of 10 to 100,000 CPS. The attenuator
system operates in sets of 10 db and is also calibrated in 8 full scale meter ranges of 0-.003, .01,
.03, .1, .3, 1, 3, and 10 volts RMS. Output is indicated on a large 4% panel meter calibrated in volts
and decibels. Output and frequency indicators are accurate to within &£ 5%. Distortion is actually
less than .1 of 1% between 20 and 20,000 CPS. With the AG-9A as a signal source you can forget
about unknown input variations and distortion when working with audio circuits. Use it with the HD-
1 to check harmonic distortion.

Specifications—Frequency: 10 cps to 100 kc. switch selected, 2 significant figures and multiplier.
Output: 6 ranges 0-.003, .01, .03, .1, .3, 1 volts RMS into external 600 ohm load or with internal
load into Hi-Z; 2 ranges 0-3, 10 volts RMS into a minimum of 10,000 ohms, -60 db to +22 db in 8
steps; -60 dbm to +2 dbm (0 dbm=1 MW—600 ohms). Distortion: Less than .1% 20-20,000 cps.
Tubes: 1-6AU6, 1-6CL6, 1-6X4. Power Requirements: 105-125 VAC, 50-60 cycles, 40 watts.
Dimensions: 972" wide x 62" high x 5" deep. Shipping Weight: 8 |bs.
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