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DESCRIPTION ASC-305B 

The ASC-305B Stereo Studio Control and Remote Unit consists of a Studi o 

Control Console (cabinet) two twel ve- inch professional turntables , two 

TEP- 3S Stereo Preamplifiers , an MCA-1 monitor-amplifier and the AS-30B 

Stereo Audio Console . 

CONSOLE AS- 30B 

The AS- 30B Console may be used separately from the ASC - 305B cabinet by 

simply removing the quick- disconnect connectors from the rear panel . It 

may be battery- operated or the power supply may be easily removed also from 

the ASC-305B. 

PREA M PLIFIERS 
·--....,'-

Preamplifier s are located on the lower she lf, one on each side , and feature 

separate level controls for left and right channel output. These are preset for 

proper level but may be changed if needed for new or different cartridges 

Additional information, plus maintenance data is i ncluded in a later section . 

MONITOR AMP, MCA- 1: 

An MCA- 1 monitor amp is a l so located on the l ower shelf near t he operator's 

knee . A level switch s u pplies either Cue or Program audio to the monitor 

s peaker located i n the consol e ca bi net. 

Adequate power is ava ilable to drive an a lternate , externa l 8 ohm speaker if 

desired . Appropriate schematics are included with the AS-30B schematics. 

ASC-305B ~ Page 1 
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DESCRIPTION ASC-305B (Cont'd) 

TURNTABLES 

The ASC-305B may be equipped with either four-pole or synchronous motor 

driven turntables. Another section provides additional information. 

TONE ARMS 

The ASC-305B is supplied-standard with SPARTA ST-220 Professional Stereo 

tone arms and are designed so highly accurate adjustment may be made visually for 

optimum overhand and tracking-force. Other tone-arm options are available. 

ASC-305B Page 2. 
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FEATURES 

Portable Cabinets: 

Finish . .. . .. . ..... . .. . .. . . ... .. ... .............. . .. . l\'alnut wood grain & Dove 
bonded plastic laminate 

Unit set-up Dimensions • • • •••• • • . •• . •••••• • ••••••• •.. Overall, including legs & lift 

leaf extended 34" high (28" to 

work surface) 51 1/2" wide, 

25 3/4" deep. 

Bench/Lid Dimensions .• • . .• • •••• • • •••••••• . . •..•.••. Legs installed 16 1/2" high, 

49 1/2" wide, 19 1/2" deep. 

Closed Case Dimension .• •••.•• .•.•.• • .•••• . ••• • ••••• Bench/Lid installed 14 1/2" 

high 51 1/2" wide, 19 1/2" 

deep. 
' 

Shipping Weight .•••••••••.•• • •.••••••••• • ••• • • • •• . >is,? Pounds 

AS-30I3 Console: 

9 stereo pairs 1 each for mixers 1 through 4 and 5 for mixer 5. 

Standard equipment of the AS -30B as supplied with the ASC-3058 includes 

a pair of microphone preamplifiers in channel 1, plus stereo equalized 

phono preamplifiers for inputs to channels 2 and 3 . 

TONE ARM 

The SPARTA Model ST-220 Professional Stereo Tone Arm reflects the high 

quality and scientific design needed for the superior reproduction of phonograph 

records. It permits the use of lower tracking forces for which the latest 

cartridges are designed. The Tone arms can be precision balanced and are so 

designed that a highly accurate adjustment of the tracking force can be made 

visually. Some of the outstanding features are: All cartridges can be adjusted for 

correct overhang to insure optimum tracking. The plug-in head assembly is 

rigidly locked in place, but very easily removed when necessary. 

Precision ball-bearings are used throughout on all pivot surfaces. 

ASC-305B Page 3. 
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TOTAL WEIGHT 

WEIGHT OF PLATIER 

DIMENSIONS 

BOTTOM CLEARANCE 

TOP CLEARANCE 

PLATIER SIZE 

SPEEDS 

ACCELERATION 

RUtvIDLE 

WOW AND FLUTTER 

F INISH 

POWER 

SPECIFICATIONS 

1. 

18 1/2 lbs 

6 lbs 

16" Wide, 15 1/2" deep 

5 1/2" GT-12 -4P 
6 1/2" GT-12-SY 

2 1/4" without tone arm 

2 3/4" with ST -220 

12" 

33 1/3 and 45 rpm 

Less than 1/16 turn at 33 1/3 rpm 

45 db below reference level of 

1. 4 centimeters per second peak 

velocity at 100 Hz, measured at 

33 1/3 rpm 

0 .1% or better 

SMOKE GRAY, textured. Burnt 

orange turntable pad. 

117 volts, 60Hz, 220 V /50 Hz 

available 
GT-12-4P 65 Watts , GT-12-Sy 

35 Watts. 
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INSTRUCTIONS FOR OPERATION 
2 SPEED TRANSCRIPTION TURNTABLES 

SPARTA Turntables are shipped completely assembled. Shipping materials such as 
blocks, cardboard, etc., should be removed and the table thoroughly checked for 
possible damage incurred in transit. 

Connect 115V 60 cycle AC (unless otherwise ordered or specified) only to terminals 
marked in red. 

INSTALLATION: The table should be solidly mounted to operating table or desk. 
DO NOT USE SPONGE RUBBER OR OTHER RESILIENT MATERIAL BETWEEN 
TURNTABLE CHASSIS AND MOUNTING SURFACE! This is especially important 
where reproducer arm is of such length that it cannot be mounted directly on the 
turntable chassis. 

OPERATION AND ADJUSTMENTS: Turntable speed is c:ontrolled by 3 factors: 
(1) speed of motor in RPM, (2) diameter of motor pulley (capstan) (3) diameter 
of inside rim of turntable. Diameter of idler has no effect on table speed, hence 
no speed change occurs as idler wears. Speed change is made by placing speed change 
arm in one of the two slots, top for 33-1/3, and bottom for 45 RPM. A "Neutral'' position 
is provided between the slots, and when not in use the shift arm should be left in neutral 
position to prevent "flats" on the idler. 

Both of the slots have an adjustable stop which limits the travel of the arm. 
While a slight change can be made in table speed by adjusting these stops, their 
purpose is to limit the pressure between motor pulley-idler and table rim. 
INITIAL ADJUSTMENT IS AS FOLLOWS: Screw in (clockwise) (45 RPM) screw until 
motor ceases to drive table, then back out screw slowly until just enough pres~ure is 
applied to give satisfactory acceleration. Best results will be realized by using the 
least possible pressure consistent with adequate driving power. Too much pressure 
will cause undue wear on the idler, cause incorrect speed and induce vibration. 

LUBRICATION: MAIN TURNTABLE SHAFT: Main turntable shaft should be wiped 
clean with clean lintless cloth and bearing well should be cleaned with cloth wrapped 
around wooden dowl to remove gummy deposits of dirt and oil. Re lubricate by 
applying lubriplate #3 Special Product Oil. If not available use S.A.E . 30 automotive 
oil . A small dab of Lubriplate should be applied to the ball on the end of turntable 
shaft. This lubrication procedure should be followed every two weeks - - every 
week if table is used in a 24 hour operation. 

IDLER BEARING LUBRICATIQ'\J: The idler bearing is made of oilite; a material 
consisting of small bronze particles pressed together with microscopic passages 
between them. These passages are impregnated with oil. This bearing material 
contains enough oil for several years of bearing life. Should the idler tend to become 
stiff on the shaft and not rotate freely, this would indicate that the bearing no longer 
has sufficient oil for lubrication. At this time the idler should be removed, the shaft 
and bearing wiped thoroughly with a clean lintless cloth and the bearing relubricated 
with a light oil_ such as 3 in 1 oil. 
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BODINE SYNCHRONOUS MOTOR: This motor is equipped with oil cups located on the 

side of top and bottom bearing. The bearings on these are of the solid bronze sleeve 

type, equipped with a felt wick to carry oil to the shaft. Ordinary lubrication at two 

month intervals with a couple of drops of oil per bearing is sufficient. Grade #10 non

detergent oil is recommended. 

UNIVERSAL ELECTRIC FOUR POLE MOTOR: This motor comes equipped with oilite 

bearings and ordinarily needs no lubrication attention during its life. If the turntable 

is located in an unusually hot location it is possible for the oil in these bearings to 

change viscosity to the point where the motor shafts will be so stiff that the motor will 

have trouble starting. Under these conditions, the motor should be removed from the 

turntable, disassembled, and the bearing and shaft cleaned . The bearing then s hould be 

thoroughly saturated with a light oil such as 3 in 1. The motor then can be reassembled, 

reinstalled on table and table restored to further usage . 

IDLER ADJUSTMENTS: Note that the motor is attached to its hanger with screws or 

bolts through elongated holes . If, due to wear, (reduction of diameter) of the idler, it 

becomes impossible to secure adequate driving power with the shift arm at the 

extreme left hand end of the speed selector slot, moving the motor toward the rim 

of the table will give correct driving pressure more toward the center of the speed change 

slot. If a new idler makes it impossible to obtain a "neutral", the motor is simply moved 

away from the table rim until a suitable arm position in the slot is obtained. 

IDLER DRIVING SURFACE: It is extremely important that the driving surface of the 

idler and the inside rim of the turntable be kept clean of oil or other contaminating 

substances. During the first few weeks of operation, the idler driving surface and the 

ins ide rim of the table should be cleaned with methyl alcohol at weekly intervals. No 

further attention should be needed unless these areas are subject to oil overflow from the 

idler due to over-lubrication. If the idler or table rim becomes contaminated with oil, the 

only satisfactory solution is to clean the table and idler thoroughly with hot water and 

detergent . . 

NOISE, HUM, RUMBLE: Many pickups are subject to hum caused by the magnetic field 

of a motor. Before installing pickup arm on table , it is wise to move the pickup head to 

various locations on the platter, with the motor operating but w~th the idler in "neutral". 

This should help in locating the mounting position of the arm which will cause the least 

hum. Noise is divided into two classes, mechanical and electrical. 

Noise that can be heard without amplifier or pickup in ·operation, can usually be traced 

to its source by comparing the noise with the speed of the motor, idler or table itself. 

If noise is constant at all speeds it probably originates in the motor. If it increases with 

table speed , but its frequency is greater than table speed, it can usually be traced to the 

idler. If the noise varies with table speed and has the same frequency, look for 

something on the table rim, such as oil, dirt or possibly a crack in the table casting. 

In the case of noise traced to the idler, look for dirt on idler driving surface, pits, or 

foreign material imbedded in idler driving surface. Check felt thrust bearing under idler 

to be sure id(e.r is not riding directly on metal boss at bottom of idler shaft. Too much 

idler tensiori can cause idler to rise on its shaft and noise is heard as the idler contacts 

the idler re~ining ring. 

• .. 
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Rumble more or less constant at all table speeds can usually be traced to the capstan. 
Again, too much idler tension will aggravate rumbe caused by an out of round or 
wobbly condition in the capstan, (motor pulley). Noise caused by "flarn" in the idler 
will run out in a few minutes because of the "self-healing" nature of the neoprene 
used in the idlers. Put table in 4 5 RPM position and let run for a few minutes. 

SPARTA ELECTRONIC CORPORATION will be glad to assist in any problems in 
connection with operation or maintenance of the tables . To insure a minimum of 
delay, please give as much information as possible in connection with the problem, 
such as serial number of table, date purchased, whether problem is new or of 
long standing, type of pickup and arm used, whether problem is different at 
different table speeds, whether it is only in evidence when idler is driving table, 
etc. The more information supplied, the easier it will be to provide suggestions 
to eliminate the difficulty. 

IMPORTANT 

There are aluminum shipping tabs installed between the 
motor hanger and turntable frame to protect the rubber 
motor mounts during shipment. 

THESE BLOCKS MUST BE RE MOVED BE FORE OPERATION 
Each block is secured in place by a 10/24 by l 3/4" 
screw with a red painted head. (The shipping blocks 
should be retained for installation in case of future ship
ment of turntables, or to secure during moving. ) 

SPARTA E LECTRONIC CORPORATION 
5851 Florin-Perkins Road 

Sacramento, California 95828 
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ST-22O PROFESSIONAL STEREO TONE ARM 

FOR BROADCAST APPLICATIONS 
USING HIGH COMPLIANCE CARTRIDGES 

FEATURES 

CONSTRUCTION: Light alloy arm, 
cartridge shel I 

· MOUNTING: 7/8" diameter s ingle 
threaded shank 

with low-mass 

hole, 1'' long 

ROTATION: Miniature precision ball bearing 
LATERAL BALANCE: Adjustable, to compensate for 

variations in center of gravity between various 
cartridges 

TRACKING FORCE ADJUSTABLE: Movable weight, 
with locking screw, adjusts tracking force for 
any cartridge 

ARM HEIGHT ADJUSTABLE: Locking screws on 
shafts of arm and rest adjust height of arm from 
40-60 mm (1-9/16" - 2-3/8") 

CARTRIDGE SHELL REMOVABLE: Uses international 
standard 4 pin connector 

CONNECTING CABLE PLUG-IN: 5' cal)le plugs into 
base of arm, has color-coded phono plugs and 
ground wire 

SPECIFICATIONS 
TOTAL LENGTH ........ . ..... 310 mm (12-13/32") 
EFFECTIVE LENGTH · · · · · · · · · 220 mm (8-21 /32") 
OVERHANG ........ . . . ........... 15 mm (19/32") 
OFFSET ANGLE ............ . ... . ........ . . : • 22° 
LATERAL BALANCE ..... Adjustable, all cartridges 
STYLUS PRESSURE · · · Adjustable, 1-6 grams recom-

mended, depending on cartridge 
TRACKING ERROR ...................• + 4 0, -1 o 

"I 
0 
-0 

I 
0 

l 

15-t-------220----------1---,s 

A DIVISION 0, COlll'IITPI EQUIPMENT CORPORATION 

MAIN WEIGHT- -~ 

MAIN WEIGHT 
LOCK SCREWS 

t,g·2 
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Models TEP3S and TEP3M 
Turntable Preamplifiers 
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TEP 3S, TEP 3M PHONO EQUALIZED PREAMPLIFIERS 

SPECIFICATIONS 

FREQ . RESPONSE : RIAA (NAB) within typical+ 0 . 5 db (± 1 db max). 

OUTPUT LEVEL, PROGRAM: ff dbm into 600 ohms balanced , 

adjustable to below -20 dbm. 

OUTPUT LEVEL, MAX: +10 dbm (12 to 14 dbm typical) 

DISTORTION: Less than 0 . 1% (0 . 03% typical) THD. 

INPUT IMPEDANCE: 47K ohms . Can be changed. 

SENSITIVITY: 5 millivolts for 1 dbm output at 1 KHz . 

NOISE: 70 db below Program Level . More than 80 db bel ow max. output. 

HUM: Inaudible and virtually un- measureable . (Below noise) 

SEPARATION: Stereo: 70 db typical (65 db min . ) 

SIZE: Width , 4 . 5" . Height 2 . 6", Depth 6. 5" 

WEIGHT: 1 lb . 6 oz. 

POWER: ll0tol25VAC, 50-60Hz., 0.25A 

MOUNTING: Rubber feet plus two single- hole "Z"clamps. 

A. 
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INSTALLATION: Please Read Carefully! 

As with all electronic instruments, best performance will be assured by following 

good wiring practices and proper installation procedures. 

RCA type phono input connectors are provided plug a ground terminal for the 

turnt~ble frame lead and tone-arm shell ground , if part of the tone-arm cable. 

The tone-arm cable l ength should not exceed 30 inches , to avoid excessive 

shunt capacitance which could resul t in losse.s of the higher audio frequencies. 

Output connections are via an Amphenol 91 series connector. When soldering 

the output cables, be certain not to leave excess solder on the pins which might 

distort the mating socket, and carefully remove any remaining flux or rosin before 

engaging the connector . Additional information will be found in the following 1 

DESCRIPTION section under "output". 

A common cause of RF! in low-level audio equipment occurs when a connecting 

cable length represents a multiple of an electrical quarter-wave at the frequency 

of a nearby transmitter, and thereby acts as an antenna . Connecting cable 

lengths should be chosen slightly longer than required so they can be re-routed 

or shortened e lectrically by folding - over and tying the excess length. Always 

avoid excess cable lengths and never coil audio connecting cables . 

In strong RF fields , these same conditions may apply to the AC power- cords in 

a system; excess or critical l engths s hould be avoided . In extreme circumstances 

it may be necessary to experiment by adding or removing various system grounds 

.. 
t 

B. 
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INSTALLATION (cont'd) 

to find the best combination. 

The output circuit of the TEP- 3 series is a transformerless para- phase inverter 

which avoid~ the problems associated with cascaded output and input transformers. 

This contributes significantly to the excellent equalization and freedom from ex

traneous hum pickup of the TEP-3S . Please read the following description thoroughly 

!. to obtain the maximum benefit from this feature . 

c. 
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DESCRI Pl'ION: 

The SPARTA TEP 3S (Stereo) and TEP 3M (mono) preamplifiers a re completely 

self-contained and equalized for use with any modern variabl e-re lucta nce 

or magnetic cartridge . They offor a combina tion of capabilities and 

performance features rare ly, if ever, found in other phone- equa lized 

preamplifiers for broadcast use . 

Most significant is the use of a dual (stereo) integrated-circuit (IC) in 

the amplifier proper . The extremely high open- loop gain (typ. 20,000) 

allows both t he operating gain a nd equa lization t o depend solely on the 

characteristics of s imple passive components, which provides inherent 

l ong-term stability and reliability . In addition , the s/n ratio of the IC is 

equal to or better than can be obtained in discrete designs, which leaves 

t he noise performance primarily dependent upon the resistors used in 

· the external circuitry . 

Other preamplifiers a re specified at 10 or 12 mv . input for rated output. 

But most modern, high- performance cartridges provide less than 10 mv . 

output a t normal program level , with some as low as S mv. So the SPARTA 

TEP 3S and TEP 3M preamplifiers were designed with added gain for the 

newer l ow- output cartridges without compromising any other performance 

feature. An inte re s ting side benefit comes about when gain is adjusted 

lower to accommodate high-output cartridges; The gain reduction also 

reduces t~e noise , resulting in further improvement of the a lready-excellent 

noise figure. 

The input impedance of each channel is set a t 4 7K ohms by an internal 

1. 

l. 
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DESCRIPl'I9N: (cont'd} 

resistor . This is the proper value for virtually a ll monaural and stereo cartridges, 

but can easily be changed, if need be, by referring to the schematic diagram. 

Care should be taken to use only deposited-film, low-noise resistors . 

The self- contained power - supply is extremely well regulated and will 

maintain proper performance below ll OV AC input . This results in an output 

hum-level that i s virtually un-detectable and completely masked by normal 

11 white II noise produced by various circuit resistances . 

OPERATION: 

Gain Adju stme nt: During fina l test at SPARTA , the gain (sensitivity) of the 

TEP 3S or TEP 3M is set for% dbm output with 10 mv . input. If they were set 

for higher sensitivity , then operation with a high output cartiridge would provide 

more than% dbm output and seriously decrease the available headroom for 

program peaks . If the output level of your cartridge is unknown and you do not 

have an NAB tes t record plus the means to accurately measure the preamp 

output level, it is suggested that the gain controls be left at the factory 

setting. 

With a tes t record and a suitab~e meter , the 1 KHz reference tone at 7 cm/sec 

velocity (lateral) can be played and the gain control s set for% dbm output across 

600 ohms (774 mv . ) or for -6 dbm (387 mv . ) from either plus or minus output 

to ground (shield). This will assure the maximum program output level while 

maintaining a minimum of 10 db head room . Note that the 7cm/sec. lateral test 

tone will produce the same level in e ach channe l of a stereo unit as a Scm/sec 

left or right c hannel only tone will. 

I 2. 
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OPERATION (Cont'd} 

Balance. Since a lateral test-tone should produce equal outputs from 

each half of a stereo cartridge , the method described automatically assures a 

balanced output from the preamp system, for the gains are being set also 

to compensate for any cartridge unbalance. Further tests may be made at 

other frequencies to determine if the system is retaining proper balance 

throughout the audio range . 

Balance may also be set by playing a mono record and noting the console 

VU meters. Balance should be accomplished by reducing 9ain of the 

channel which is too high, which again insures that gains have not been 

increased to the detriment of the adequate headroom . 

Input is made via a standard phone jack plus a separate front- panel ground stud . 

The stud i s provided for the separate tone-arm-shell ground lead which is 

ofte n provide d and is also the proper place to connect the turntable frame 

ground. Tone -arm to preamp cables should not be much longer than 30 inches 

since excessive capacitive loading will affect the cartridge high-frequency 

response. 

Output is taken from the six-pin panel socket using the plug-in connector 

provided. Refer to the schematic diagram for proper connections, rioting 

that pins '1 and 2 a re not used on the TEP 3M (monaura l) and taking care to 

note proper output phasing on the TEP 3S (stereo) as indicated by the polarity 

indications. 

It should also be noted that outputs are true differential balanced- to-ground 

in the standard versions, and care must be taken that neithe r output is 

shorted to ground . If single-ended output is needed for testing purposes, it can 

be ta ken from either plus or minus output and ground, with the attendant 6db 

3. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

OPERATION (Cont'd) 

Output (cont'd) 

reduction in overall output level . 

Output connections are normally made with standard, twisted-pair shielded 

audio cable, although separate single shielded cables will work equally well. 

The source impedance of the TEP 3S/M is quite low , so cables of any reasonable 

length may be used. In the interest of RFI reduction, however, the cables 

should be no longer than required and the shields may be left floating at one 

end only, usually the source end , to prevent magnetic field pickup. The best 

arrangement can be determined experimentally for the individua l installation. 

As stated earlier, hum is virtually non-existent in the TEP 3S/M. If hum is 

experienced in a final installation, it will most likely be due to pickup in 

the cartridge or tone-arm leads . This can be determined by shorting the 

preamp inputs with shorting-plugs. If the hum disappears, it was introduced 

before the preamp. Similarly, disconnecting the preamp output plug will 

determine if hum is coming through or from the preamp . If the output cable shield 

was originally connected to the preamp output shield terminal (3), it should be 

disconnected and the plug then reinserted to e liminate any ground- loops through 

the shield. Also, it is worthwhile to determine if the load (console) has a 

grounded center-tap on the primary of the input transformer. If so , this ground 

should be broken, so the input is isolated from any possible ground-loops . 

Rumble filte r. Both the TEP 3S and TEP3M preamps incorporate rumble 

suppression in the form of a controlled low-frequency characteristic as described 

in the Circuit Theory section . Response is shaped so as to be nearly 2 db 

down at 30 Hz and 3 db down at 20Hz . , approaching a 12db-per-octave slope 

at the usual rumble frequencies. The suppression thus obtained is more than 

4. 
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OPERATION (Cont ' d) 

Rumble filter (cont'd) 

adequate for essentially rumble-free operation with any reasonable turntable, 

without restricting low-frequency reproductim of program material . 

High frequency filtering . As indicate d ear lier , the input impedance of the 

TEP 3S and TEP 3M preamplifiers i s 4 7 K ohms . If a cartridge is termi nated 

in a higher-than-optimum impedance, undesirable high-frequency peaking 

will result . If a lower value is used, however, the terminating resistor 

with the cartridge inducta nce will result in a rolloff of the higher frequencies . 

Filtering, then , can be obtained simply by provid_ing a lower terminating 

resistance . The proper value is be s t determined by trial-and-error until 

the desired rolloff is obtained. A resistor may then be added directly across 

the input phone jack(s) without altering components on the circuit board . 

5 • 
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MAINTENANCE - Circuit Theory: 

Power Supply: The TEP 3S/M power supply is a hard-regulated design 

capable of supplying 30 to 33 VDC at 40 ma continuous. The output voltage 

i s determined by the values and tulerances of 222 , RS and R6. Since t hese 

are 5% tolerance components, it would theoretically be possible for the 

output voltage to fall between 29 .1 and 33. 9 volts . In final test, however, 

one of those components is changed, if required , to hold the voltage within 

proper limit s. The maximum load current is determined primarily by the limits 

of the power transformer, Tl . 

Normal operation is as follows: The rectified DC· supplied by Tl and diodes 

Dl and D2 provide a nominal 40 V DC across filter capacitor C2 . This 

voltage will vary between mono and stereo unit s and also vary with input 

line voltage . Proper operation can be expected with as low as 34 t o 36 

volts, however, so long as this voltage is 4 or 5 volts higher than t he 

expected output voltage. 

When first turned on,. t he voltage from C2 causes current- flow through R2 , R3 

and the emitter- to- base junctions of Q2 and Ql . Q2 i s a Darlington driver , 

or current-multiplier , so Ql and Q2 may be considered as a single 

transistor with very high current- gain (hfe) . 

Ql will conduct very heavily , delivering current through the load until the 

QUtput voltage rises to rated level. During this rise , Q3 has not been 

able to conduct because the emitter has been rising with the output voltage , but 

t he base voltage has been lower than the emitter due to divider RS/R6 . With 

Q3 not conducting , all of the current through R2 and R3 is being used to turn 

on Ql/Q2. 

6. 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

MAINTENANCE - Circuit Theory: 

Power Supply (cont'd) 

When the output reaches 22 volts , zener diode Z22 begins to conduct a nd 

preve nts the emitter of 03 from ris ing further. But 03 still cann.)t conduct 

until its base voltage has risen 0. 6 volts higher tha n its emitter . This 

cannot occ ur, due to divider RS/R6, until the output voltage reaches the 

proper leve l. 

As the output voltage a ttempts to rise above normal, Q3 comes into conduction 

and draws current from R2/R3, which in turn decreases the drive current to 

02. Thus, a state of equilibrium is reached wherein any t e ndency 

of the output voltage to change will signal Q2 to cause a n increase or decrease 

in base drive to 02 . 

C l protects diodes Dl and D2 from line transie nts. C3 prevents de pulses from 

tM ~13>wer s u pply from reaching Q2 a nd appearing in the output a nd also causes 

a slow turn-on charac teristic . Rl limits the peak current through the diodes 

a t turn- on and also limits the power dissipation in Q l. C4 filte rs the zener 

noise and CS improves the ac regulation by bypassing the attentuator RS/R6 . 

There is a frequency in the severa l-hundred KiloHertz region where phase-shift 

through 03, 02 a nd Ql would exceed 180 degrees . C6 reduces the loop 

gain of the regula tor circuit to less than unity to prevent oscillation . 

Troubleshooting . When servi c ing solid-state circuits , a knowledge of only 

a few characteristics of transistors plus t he application of a little thought is 

usua lly all that is needed . For example (1) a normally- operating silicon 

transistor will a lways ha ve a base voltage tha t i s about 0 .6 volts different 

than the emitter , i.e. the emitter-to-base junction must be forward- biased 

(0. 2 Sv for germanium) . (2) The collector voltage will always lie between 

7 . 
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MAINTENANCE - Circuit Theory: 

Troubleshooting (cont ' d) 

the emitter voltage and the collector supply voltage . (3) If we short the emitter 

to the base, t he transistor should turn off, so the collector will look like an 

open circuit and the collector voltage will rise towards the supply voltage . 

Considering these factors, let u s now a pply them t o several possible 

power supply malfunctions: 

1 . No output voltage. 

a) Voltage across CZ higher than normal would indicate that Ql/Q2 

i s not conducting . If the voltage a t Q2 ' s base indicates that both Ql 

and Q2 have normal forward bias , then collectors of Q 1 and Q2 mus t be open . 

If the bias voltage of Q l or Q2 i s much more than 0 . 6v each , then either 

a base or an emitter must be open . 

b) Voltage across C2 lower than normal would indicate excessive 

load current and suggest a shorted C6 , i n which case Ql a nd Rl would 

be very hot. In this event, either Q l , Q2 or Rl would probably burn open and 

result in (a) above. 

2 . Output voltage high. 

This would indicate that Q3 is not diverting current from R2/R3 , a llowing Q2/Ql 

to turn on full. Check for norma l zener voltage a t the emitter of Q3 and t hen 

for normal base voltage at Q3 . An open zener will raise the Q3 emitter , or 

an open RS will lower the Q3 base - - either one will turn off Q3 . If the 

emitter- to- base voltage of Q3 is norma l, then Q3 must have an open 

collector . 

3. Output Volt:ige low . 

In all such cases , the first step is to determine the s tatus of Q3 by 

8. 
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,. 

MAINTENANCE - Circuit Theory: 

3. Output Voltage lowi (cont.' d) 

measuring emitter and base voltages. Next, determine that Q3 is 

responding to the base voltage by shorting Q3 emitter to base -- the 

output voltage should rise. If it does rise , it almost certainly indicates 

a failure in the base divider such as an open R6 or shorted CS. If it does 

not rise it is very likely that Q3 has an emitter to collector short. 

. . 

It can be seen by the examples given that the basic approach in transistor 

servicing is one of determining if the transistor h~s normal emitter-to-base 

bias, and then noting if the collector responds normally to a change of this 

bias, such as complete removal. This explains in part why most companies 

including SPARTA do not provide transistor sockets -- it is much too easy 

to determine if a transistor is operable without introducing the liklihood 

of intermittent socket contacts, quite aside from the added cost factor. 

9. 
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Preamplifier . The TEP 3S and TEP 3M preamplifiers utilize 

an integrated-circuit operational amplifier; a t erm which aptly 

describes its common useage in performing mathematical operations. 

And the characteristics which make it valuable in computers also make 

it ideal for use as an equalized preamp. 

An "op- amp" i s characterized by having differentia l input terminals; 

that is , a plus or non- inverting input a nd a minus or inverting input , 

and also by having ext remely high open-loop gain capability as compared 

to its normal operating- level gain. 

A signal applied to t he plus , or non-inverting input , will appear amplified 

at the output terminal and in- phase with the input signal. The IC op-amp 

used in the TEP 3 series has a typical open-loop gain of 20,000, so the 

output will try to be 20 , 000 times larger than the input s ignal. 

If the output signal is now connected back to the mi nus , or inverting 

input , the fed-back signal will act to cancel the input signal. Cancellation 

will only take place when the two input signal s are equa l in amplitude 

and phase (the necessary phase-inversion takes place a t the minu s , or 

inverting input), and so, if all the output a l so appears at the minus input, 

the output is forced to _follow the original signal input and we have a 

unity-gain·, voltage-follower. 

Maintenance of the TEP 3 series preamps is made very easy by applying the 

principle just described to set the DC operating point of the IC amplifier , 

so that two simple DC voltage measurements are a ll that i s required to 

10. 
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Maintenance (Cont'd) 

assure the IC is operating properly and is capable of responding to 

the input signal. 

Transistors and !Cs do , of course, have frequency limitations, but 

these are included in the original circuit design . And any subsequent 

failure of a solid- s tate device will invariably affect both the AC and 

DC operation of the device . So again, if t he IC will respond properly to the 

DC voltages used to set the operating-point, it will also respond properly 

to normal signal inputs . 

Referring to the schematic diagram, when the circuit is first turned ON, 

capacitor C2 charges very rapidly t o 8 volts or so , or one-half of the 

voltage at pin 14 of the IC , through divider R3/R2. This voltage also 

appears through Rl as an input voltage to the IC, so the output at pin 1 

swings towards the supply as fast as it can charge C9. At the same time , 

the output voltage begins to charge C3 through R4, R6 and R7 (We will 

ignore Dl for the moment) . 

Because of the high value of R7, C3 will require nearly 40 seconds to 

charge to 8 volts , but on,;e it does it will cancel the input voltage at pin 

5 , since the voltage of C3 is also present at the inverting input, pin 6 of 

the IC. The output voltage will now fall until it is equal to the voltage at 

pin S and a state of equilibrium is reached . Any attempt a t deviation appears 

as an error-voltage at pin 6 , and the full open-loop gain of the IC is used 

to hold the output in agreement with the plus input . 

11. 
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Maintena nee (Cont'd) 

Since the t ime- constabt' of C3/R7 i s quite long , the voltage across C3 

can only respond to the average , or very low frequencies in t he output . At 

frequencies in the audio range , C3 appears as a near short-circuit so gain 

is no longer limited to one , or unity . Diode Dl is added so that at turn- on 

capacitor C3 can charge more rapidly t hrough R4 up t o 7 . 4 volts (the 8 volt 

reference less the O. 6 volt diode drop) . As C3 continues to charge the 

1:iiode drops out of conduction and plays no further part. This a llows the 

circuit to turn on and stabilize in 10 seconds or less . 

To assure that the IC is operating normally , it is only necessary to measure 

' 

t he 1Joltage at; pin 5 and then check to see that pin 1 has the same voltage. 

If t he output vol tage is high , the next check is to see if this voltage is 

getting back to pin 6 . Incidentally, these measurements must be made with 

a high-impedance VTVM or FETVM . If the voltage at pin 6 i s a l so higher 

· than pi n 5, the IC is defective. Conversel y, if the output is low , it can 

only be due to an externa l short or defect tve IC . 

In the stereo TEP 3S these measurements must of course be made for both 

ha l ves of the IC , using the ~ppropriate pin number s as indicated on the 

sohematic . It should be noted that IC failures are quite rare , and it is 

worthwhile to be very sure before going to the expense and trouble of re

placing one . If i t does become necessary it should be removed very caref-

fully to avoid damaging the PC board . Use of a solder-removing tool or wick 

i s strongly recommended . 

12. 
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Audio operation of the IC amplifier is identical to the DC and l ow- frequency 

operation described with the exception of the gain changes a llowed by the 

components in the external feedback network . For all frequencies in the 

audio range, capacitor C3 is essentially a short- circuit so that R4 now 

becomes part of a voltage- divider in the feedback path. 

At the lowest audio frequencies, the gain is the highest, more than GOdb, 

since the capacitors CG and C7 have very little effect and the output 

s ignal must now be quite high in order to produce a cancelling signal 

through the feed-back network. As t he input frequencies increase, however, 

more feedback occurs through CG and C7 and the closed-loop gain decreases 

accordingly. 

So it is apparent that the gain and frequency response a re determined 

strictly by the values and tolerances in the feedback network, primarily 

RG, R7 , CG and C7 . If it i s suspected that the amplifier is not within the 

nominal O. 5 db of the RIAA/NAB curve , this should be carefully verified 

with an audio generator and output meter known to be accurate within O . 1 

db over the audio range . It is not sufficient to rely upon a test record and 

playback cartridge, since even the best of these are subject to variations 

of plus or minus a db or more. 

Rumble filtering is provided by capacitors C 9 and C 10 plus re sisters ..B.9......: 
...__ -

~hrough RU.. These components allow a rolloff of nearly 2 db at 30 Hz 

and 3 db at 20 Hz, with a curve approaching 12 db/octave below 20 Hz. 

In addition, C3 becomes ineffective at 12 to 15 Hz, allowing an even 

more rapid rolloff towards unity gain . 

13 . 
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The output amplifier , Q4, is a paraphase inverter which supplies a balanced, 

differentia l output to the external 600 ohm load . The emitter signal is a 

replica of the base signal, but the collector signal is equal in amplitude 

and out of phase with the emitter . Therefore, the output amplifier provides 

a transformerless output with 6 db of added gain , without the weight , 

bulk, hum-pickup or frequency limitations associated with transformers . 

Several side- benefits of operational amplifiers are of incidental interest: 

If the open-loop gain were infinite, rather than just high, the application 

of negative feedba.ck would reduce distortion to zero because the output 

would be forced to follow the input exactly. In the TEP 3 s , the nominal 

open-loop gain is 86 db whereas the maximum closed-loop gain is 

slightly over 60 db . This assures a minimum of more than 20 db of 

feedback, which accounts for the extremely low distortion , typically 

0.03 %. 

The same negative feedback has the effect of rais ing the input impedance 

in direct proportion, so that the actual input impedance of the preamplifier 

becomes that of the input terminating resistor , Rl. This assures perfect 

t e rmination for the cartridge simply by selecting the correct resistor . 

Negative feedback also lowers the output impedance which provides a 

pure voltage drive for the equalizing components in the feedback network . 

This further assures tha t performance depends solely on the feedback 

components . 

The end result i s a preamplifier which is hum-free, and represents state -

of-the-art performance in regards to noise , distortion and fa i thful 

reproduction . 

14. 
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Pin 1 

Pin 2 

Pin 3 

Pin 4 

Pin 5 

Note : 

Pin 1 

Pin 2 

Pin 3 

Pin 4 

Pin 5 

TF.P-3 OUTPUT CONNECTIONS 

BALANCED 

Right output (+) 

Right output (-) 

Comrr.on (See Note) 

Left output (-) 

Left output (+) 

In balanced lines the shield is normally left floating at the audio source 
and is connected to ground at the audio console. But , if RFI is 
expe rienced, it may be ne cessary to ground the shield at the TEP-3 a lso. 

UNBALANC:CD 

Right output 

(not used) 

Common Shjeld 

(not used) 

Left output 
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SPARTA AS-30B 
AUDIO CONSOLE 
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MIXERS: 

INPUTS: 

OUTPUTS: 

Five 

AS -30B CONSOLE 

SPECIFICATIONS 

Nine s tereo pairs; One each for Mixers 1 through 4 and five 

for Mixer 5, plus external AIR input. 

Low-level; -55 db nominal from 150/250 ohms (50 ohm selected 

by jumper), standard on Mixer 1 (optional for Mixer 2). 

Hi-level; -10 dbm nominal from 600 ohm source, standard on 

Mixers 2 through 5. See note 1. 

AIR; Depends upon external monitor -amp. 

Program; 8 clbm into balanced 600 ohms at~ vu. 22 dbm max. 

Audition; 8 dbm nominal into 600 ohms single-ended. (from 60 ohm 

source. See note 2). 

Monitor; lv nominal into hi-Z load . 

Cue; 0. lv nomina l into hi -Z load. 

Phones; 1 mw nominal into l0K ohms. 

FREQ. RESPONSE: All outputs less than 2db down, 20 Hz to 20 kHz . 

NOISE: 

DISTORTION: 

CROSSTALK: 

POWER: 

SIZE: 

SHIPPING WT: 

MUTING: 

NOTE:l: 

NOTE 2: 

Below 65 db a t ~ vu out with -55 db low level input 

Below 7 5 db a t ~ vu out with -10 dbm hi -level input 

All outputs less than 0. 5% THD at normal operating levels . 

Less than 1 % T l-ID at max outputs. 

Within 6db of noise 

117 /234 vac, 50/60 Hz. 

W, 15 1/2"; H, 6 5/8"; D, Jl 1/2". 

24 lbs (incl . pwr. supply) 

Switch closure to r ear-panel terminals from Mixer s 1 to 3, closed 

in Aud. & P.rog. modes for control of external DC r e lays . 

Hi -level inputs are balanced-bridging to allow individual termination 

of input lines at rear panel, if required. Permits cons tant line load 

plus use of high -impedance sources. 

ldentica 1 line amplifiers for Program and Audition outputs. 
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GENERAL: 

AS -30B CONSOLE 

DESCRIPTION 

The AS-308 is a desk-type Stereo Audio Console featuring five mixing channels with 

push-button-selected multiple inputs for Mixer 5. As normally supplied, the first 

mixer includes low-level preamplifiers for 50 to 150 ohm microphones and the 

remaining four are supplied with high-level balanced input transformers . The input 

transformers for Mixer 2 are located on cards to allow replacement with another pair 

, of low -level prea mplifiers . 

The high-level inputs are balanced bridging, which avoids the source loading of the 

typical 600 ohm input and greatly increases the flexibility of the console. In the very

rare instance where a 600 ohm termination is required, it is a simple matter to add a 

pair of 620 ohm resistors across the line a t either the source or load end. Some 

sources, such as Ampex and T EAC, provide for this internally. When operating from 

sources intended for single -ended, high -impedance loads ,the minus input terminals of 

. the consoles are connected to the shield and the console now appears as a single -ended 

high-impedance (lOK) load . 

The Audition and Program Amplifiers in tlte AS-30B are ide ntical and interchangeable. 

In the Audition side, the line -amplifier gain is determined by internal resistors and is 

• • set to provide approximately the same level output as the Program side with normal 

gain control settings . The audition output terminals are fed directly from the audition 

line amplifiers from a single-ended source impedance of 60 ohms. The audition out

put is then capable of driving multiple loads with little , if any attenuation. 

The input-source selection for Mixer Sis via a push-button assembly which allows 

more than one source to be selected s imultaneously . This feature, if used judiciously, 

will permit more than one source to be mixed simultaneously on the one mixer pot. 

If this is attempted , the individual source levels mus t be adjusted externally but 

the console will not load e ither source. It must be considered , however, that each 

-1-
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AS-308 Description (cont'd) 

of two sources will then be loaded by the other, and suitable isolation must be provided , 

if required. 

INSTALLATION: Input and Output Connections , with the exception of the Mixer 1 XLR 

co1mectors , are made via rear-panel barrier s trips. Spade lugs or fanning-strips ar c 

not r equired s ince the barrier strips are designed with captive plates to easily 

accommodate several stripped wires per terminal, either solid or stranded. Rear 

panel connections are clearly identified to facilitate installation without resorting to the 

manual or to a numbered diagram. 

Audio connections are normally made with twisted-pair , shielded cable such as Belden 

8737 (stranded) or 8739 (solid). Either may be used , al though it is generally more 

satisfactory to use solid wire in a permanent installation where flexibility is not 

required since solid wire is easier to handle and less apt to inadvertently short to an 

adjacent terminal. Single-ended outputs and inputs can use the same type cable by 

s i mply clipping off the unused conductor. The input terminals include a ground 

connection for the cable shield and the transformer input windings arc ungrounded or 

"floating". This prevents the possibility of setting up a severe ground -loop and also 

permits one side of the transformer input to be grounded for single-ended operation 

if desired. In like manner , the program line ot.:tputs are als o isolated. 

A central ground lug is provided ori the rear panel for connection to the system 

master ground, and as heavy a guage strap or braid as practical should be used. 
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AUDIO CONSOLE 

INSTALLATION 

GENERAL: Most input and output connections are made via rear-panel barrier 

strips. Spade lugs or fanning-strips are not required since the barrier strips 

are designed with captive plates to easily accommodate several stripped wires 

per terminal, e ither solid or stranded. Rear panel connections are all clearly 

identified to facilitate installation without resorting to the manual or to a 

numbered diagram. 

Audio connections are normally made with twisted-:-pair, shielded cable such 

as Belden 8737 (stranded) or 8139 (solid). Either may· be used, although it is .. 
"-, 

generally .more satisfactory to use solid wire in a permanent installation wrere 
'·.._ 

flexibility is not required, since solid wire is easier to handle and less apt 

to inadvertently short to an adjacent terminal. Single-ended outputs and inputs 

can y.se the same cable by simply clipping off the unused conductor. 

Both the high-level and low-level inputs are brought to isolated balanced input 

transformers. The input terminals include a ground connection for the cable shield 

and the transformer input windings are ungrounded, or "floating". This prevents 

the possibility of setting up a severe ground-loop and also permits one side of the 

transformer input to be grounded for single-ended operation if desired. In like 

manner, the program line output is also isolated. 

A central ground lug is provided on the rear panel for connection to the system 

master ground, and as h'3avy a gage strap or braid as practical should be used. 

1. 
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Once the desired input and output audio connections are made, it is only 

necessary to complete the power connections, set the master and monitor 

gain controls to suitable levels and turntthe console on. As a general rule, 

normal operating position for all level controls will be apapproximately 1 O'clock. 

There is considerable reserve gain available in the program line amplifier and 

it is usually not advisable to turn both Master and Mixer gain controls to full 

clockwise at the same time. No harm will come from abnormal control setting~, 

but the possibility would exist for decreased signal-to-noise ratio or increased 

distortion. 

MONITOR AND CUE AMPS: The monitor and cue amplifiers are rated for an 8 ohm 

load, although they will operate equally well with a 4 ohm load. (or two 8 ohm 

speakers in parallel) with slightly increased power output capability:. , If the load 

is higher than 8 ohms, power output will be reduced accordingly since a· <§Jivena.l 

voltage level will then produce less current. 

Both amplifiers are a direct-coupled transformerless design and do not require 

termination in the absence of a load. The load should never be less than 4 ohms, 

however, and if multiple speakers are to be used, it may be necessary to consider 

a series-parallel arrangement to provide 4 ohm minimum loading. A short circuit 

should be avoided at all costs. 

When connecting speakers, it should be considered that eight watts RMS into 

8 ohms requires a peak audio current of 1.4 amps. It is suggested that for moderate 

to long runs, an 18 gauge cable pair such as common, lamp or "zip-cord" be used 

to avoid power loss on audio peaks. 

2. 
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MUTING: As indicated in the General Description, the muting system · 

is quite flexible. No external connections need be made other than to 

connect the speakers to the proper terminals as indicated on the rear 

panel. Jumpers must be connected internally on the relay board to 

activate the relays as required for the particular application. Each relay 

coil terminates at an eyel§?t with a short jumper wire attached and the 

relay will close if this wire is grounded. 

The mixer j), 2 and 3 pre-selector switches are wired so that a ground . 

is made available at additional eyelets on the relay board corresponding 

to the input selected. This ground is only completed when the mixer 

control lever switch leaves the off position. In the A-15B Console, this 

lever switch selects the A & B inputs to each mixer and the "C" position 

does not exist so the corresponding terminals on the relay boards are 

not used. 

Thi£ relay contacts brought to the rear panel for control of remote equipment 

are rated at 117 v. AC 5 amps; if used to control incandescent lamp loads, 

ft should be noted that such lamps have a cold resistance of approximately 

10% of their operating value. Unless provided with current limiting, lamp 

loads should be limited to 40 watts per relay to avoid damage from initial 

current surges. The relay contacts are completely isolated from the console 

proper and under no circumstances should power be applied to them from 

• 
within the console to avoid shock hazard from the exposed Jones-connector 

blades. 

3. 
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CIRCUIT DESCRIPTION, SPARTA AUDIO CONSOLES 

GENERAL. The description to follow is generally applicable to all 

SPARTA consoles, mono or stereo and outlines the basic system of 

selecting, mixing and amplifying the usual program-sources plus the 

methods used to process auxiliary functions such as cue and monitor 

signals. Features applicable to specific consoles are then discussed 

elsewhere in the appropriate manual sections. 

Microphone Preamplifiers. With a nominal gain of 55db. the output 

level from the preamp to the .mixer potentiometer is typically - 10 

to 1 dbm. depending, of course, on the sound level and microphone 

used. In a normal situation, then, the· preamplifier output is at 

essentially the same level as the high-level input signals, resulting 

in approximately the same mixer-level settings for normal operation. 

Preamp gain can be changed to accommodate unusual situations by 

referring to the preamplifier circuit description. 

As normally supplied by SPARTA,. the input transformer is wired for use 

with 150/250 ohm microphones. A transformer tap is provided for 

easy conversion to use with 30/50 ohm microphones. 

All SPARTA Audio Consoles are supplied as standard with a· microphone 

preamplifier in the first mixer position. The preamplifiers are interchange

able with high-level input cards, however, so additional microphone 

1. 
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CIRCUIT DESCRIPTION, GENERAL 

preamplifiers may be incorporated, or alternately, all inputs may be high

level. 

High-Level Inputs are brought to the primaries of input-isolation 

transformers which are suitably terminated and connected directly to 

the proper Mixer potentiometers. The primaries are floating (ungrounded) 

to allow single-ended connection and also to prevent the possibility 

of setting up undesired ground-loops or common-mode signals via the 

input cables. 

Mixing takes place by feeding the output of each mixer potentiometer 

through a high-value series resistor (l0K or 27K) to a common mixing 

bus, which in turn leads to a mixing amplifier. The mixing amplifier, 

which is usually located with the line amplifier, is specifically designed 

to have a very low input impedance, typically 100 ohms. 

Since the Mixer feed resistors are so much higher in value, the mixer 

amp becomes a "current sink" and responds to the current in the feed 

resistors, which in turn is determined by the voltage available from the 

Mixer pots. The output of the mixer amp, then, is proportional to 

the sum of the currents ·at its input. 

2. 
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CIRCUIT DESCRIPTION, GENERAL 

Mixer isolation is excellent with this system since the current from 

each feed resistor will follow the easiest path -- obviously into the 

mixer amp rather than to another Mixer pot. Changing one mixer-pot, 

then, will have relatively little effect upon the program level coming 

from another mixer-pot. 

There is obviously a significant loss of program power in the mixer 

feed resistors, but the power levels are so low that it is a simple matter to 

recover the loss in the mixer amplifier. Mixer amp. gain is set to restore 

the program to substantially the same level as originally fed to the 

mixer pots, with the mixer-pots at their usual operating positions, 

about one o'clock. 

Since a "current" mixer operates from a relatively high source impedance, 

it allows the use of high impedance mixer-pots. And since it is not 

critical . of the precise source impedance, there is no need to resort to 

the bulk and cost of precision ladder attenuators. 

Output of the mixer system is then fed to the Master gain control at 

essentially the same level as the original high-level program material 

To test the entire mixer system, a -10 or 1 dbm signal is provided at 

a high-level input, the appropriate mixer pot is set at the normal 

operating position and the signal is viewed or measured across the 

Master gain control. 

3 . 

wigfi
Stolen 2 Line Transparent

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

CIRCUIT DESCRIPTION , GENERAL 

The Line Amplifier provides the final amplification between the Master gain 

control and the line output terminals. It must therefore recover the signal 

loss of the Master gain control, compensate for any losses in matching 

or isolation pads , and provide power-gain for driving the output line at 

rated level. 

·For a rated output of 8dbm into a 600 ohm line at zero VU, several factors 

must be considered: A minimum of 10 dbm of additional gain , without 

distortion, must be available to handle program peaks (headroom). Also , 

the output transformer must be isolated from the line with a pad, typically 

4 db , t o prevent interaction with line reactances. Finally, the line 

amplifier output-impedance must properly match the line transformer primary 

so the output terminals are a true 600 ohm source. 

The line transformer must then handle a nominal level of 12dbm, and 22dbm 

on program peaks. The line amplifier must be capable of supplying 18 dbm 

to the line plus the power-losses in the line pad, insertion loss in the 

transformer and internal loss necessary to obtain a proper impedance match . 

This is considered in detail in the line-amplifier section of the manual. 

VU Meter. The standard VU meter' contains rectifier diodes and consequently 

appears as a non-linear impedance to its signal source. To avoid introducing 

4. 
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CIRCUIT DESCRIPTION, GENERAL 

distortion on the program-line, it is necessary to provide isolation between 

the meter and the line • 

It is also necessary to attenuate the level to the meter so it can indicate 

I vu when the line is at 8dbm and finally, the attenuator must be so 

designed as to appear to the meter as a 3 .9K ohm source to preserve the 

linearity of the meter indication. 

This latter requirement accounts for the meter pad being a "T" configuration 

rather than a simple series resistor. In SPARTA consoles, the metering source 

is the line transformer output, ahead of the line pad , which allows an added 

4 db of attenuation in the meter pad for increased isolation. A balanced 

"H" pad is not required since the meter need not be balanced to ground. 

Cue. Common to all SPARTA consoles is a "Cue" position on each Mixer 

potentiometer. In the simplest case, program material from each mixer, 

through the cue switches and isolation resistors, is delivered to a rear-panel 

terminal for feed to an external cue amplifier. In more elaborate consoles , a 

cue level control, internal amplifier and optional-use internal speaker are 

provided. 

Monitor . Although provisions for program-line monitoring vary in different 

SPARTA consoles, in all cases the source of program material is the output 

5. 
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CIRCUIT DESCRIPTION, GENERAL 

stage of the program line amplifier. Since there are no active or non-linear 

components to follow, the monitor provides constant assurance of both level 

and quality, whereas the VU meter alone only indicates level . 

6. . .. 
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CIRCUIT DESCRIPTION/MAINTENANCE 

PREAMPLIFIER, 1018 

The 1018 Preamplifier is supplied standard for operation with 150/250 ohm mic

rophones and provides a nominal gain of 55db into a 600 ohm or higher load. A 

jumper is provided on the circuit board, either a wire or a low-value resistor, to 

accommodate 30/50 ohm microphones. 

The 1018 Preamplifier differs from its predecessor, the 1008A, in several respects . 

The microphone transformer is a miniaturized PC-mounting type with exte nded high 

and low frequency response. The 1018 circuitry takes full advantage of the trans

former's 80K secondary impedance to provide improved noise performance, expand

ed frequency response and excellent overload characteristics. 

With normal microphone input leve ls, the output level to the mixer will be approx-

0 dbm. The maximum output level of the 1018 before clipping is in exce ss of 14 

dbm, which assures more than adequate head-room in normal operation. In the 

event that microphones must be used, which provide unusually high output, a pad 

may be added in series with the microphone or a resistor in the 1018 may be 

changed in value to lower the preamp gain, as described later. 

The input signal is amplified approximately 20db by the input transformer and then 

amplified a further 35db by transistors Ql and Q2. The output signal from Q2 the n 

passes through emitter-follower Q3 to provide the necessary low output impedance . 

The emitter of Q2 is heavily bypa s sed to ground by capacitor C8; therefore the 

base impedance of Q2 is quite low, being essentially a forward-biased diode,. 

l. 
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Most of the signal current from QI passes to the base of Q2, then, rather than 

through the much higher impedance of the collector resistor R3. This assures ~

maximum current gain from Ql, although the voltage gain is relatively small. 

The emitter of Q3 is not bypassed, however, so the :base impedance of Q3 is 

relatively high compared to Q2 • s collector resistor R4 . The signal current from 

Q2 must therefore cause a significant signal voltage across R4. This assures a 

maximum of voltage gain from Q2, and since Q3 is an emitter- follower this signal 

appears at the low impedance emitter of Q3 . 

A portion of the output signal determined by feedback attenuator R8/R9 appears at 

the emitter of Ql. Since Ql and Q2 both invert the signals through them, the 

feed-back to the emitter of Ql is in-phase with the signal input to the base of Ql . 

This consitutes negative feed-back, since the feed-back attempts to cancel the 

input signal. The open-loop gain (without feed-back) is extremely high, so the 

normal closed-loop gain is determined by the turns- ratio of the input transformer 

plus the ratio of R8 to R9. It can now be seen that changing the value of either 

R8 or R9 will change the gain of the amplifier proportionally. For example, if R9 

were to be increased to 360 ohms, the voltage gain of the amplifier would decrease 

by 6db , since the output of the amplifier would only need to swing half as far to 

provide the same feed-back voltage to the emitter of Ql. Consequently , reason

able selection of gain can be obtained simply by selecting the value of R9. 

The use of negative feedback to control gain via the ·input emitter also has the 

effect of raising the input impedance to Ql . This permits the use of a high-ratio 

2. 
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input transformer for added voltage-gain without added noise. Distortion is 

also lowered with negative feed-back since any difference between the input and 

output wave- forms appears as an error signal. Distortion in the 1018 is held well 

below O .1 % • 

A stable operating-point, or "Q" , is one of the most important character istics of 

an amplifier because the maximum signal output without c lipping and therefore 

the headroom is determined by the average DC voltage a t the emitter of Q3 . The 

emitter can move no higher than t he supply voltage and no lower than ground, so 

the ideal operating-point, permitting maximum dynamic ra nge , is l ogica lly some

where near to one-half the su pply voltage . 

The emitter voltage of Q3 is set by t he collector voltage of Q2 and since t he 

collector current of Q2 is also the emitter current of Q2, a ny change in the collect

or voltage of Q2 a l so appears as an inverted change a t the emitter of Q2 . The bias 

· , 

current for Ql is obtained through R6 from the emitter of Q2; therefore , a ny change 

of emitter voltage at Q2 results in a corrective change of bias current t o Ql. This 

not only provides normal operating bias for Ql, but any change at Q2 is also fed

back t o Ql, a .s an error signal to maintain the proper operating-point. 

Maintenance: From the foregoing circuit description , it can be surmised that 

failure of any component involved in the DC biasing of the circuit, including 

leaky capacitors, will cause a s hift in the operating-point of Q3. Stated in a 

more useful manner, if t he emitter of Q3 is at a reasonable voltage, then all of 

the components involved must be functioning normally. 

3. 
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buring trouble-shooting most components, including the transistors, can 

be removed from question simply by making two DC voltage measurements: 

First, the supply voltage at terminal 3, and second, the voltage at the 

emitter of Q3. When we consider that resistors may vary 5% or 10% and 

individual transistor gains may vary by a factor of 2 or more, it is 

reasonable to expect a possible variation of + 20% or so in the operating 

point. This, then, would indicate a reasonable voltage range for the 

emitter of Q3 of from approximately 10. 5 to 15. 5 volts. In the event of 

catastrophic failure of any of the resistors or transistors, or of excessive 

leakage or shorts in any of the capacitors, it will almost invariably 

result in a gross shift of the operating-point towards the supply or towards 

ground. If the operating-point is beyond the limit given but still capable 

of moving further in either direction, the amplifier will still be operative; 

it simply will not have as much dynamic range or head room • 

. If the operating point is found to be correct , but the amplifier gain is 

abnormally high or low, (which usually would be accompanied by high 

distortion) it would most likely be due to either an open capacitor or a 

defective input transformer. Transistor failure would normally not be a factor 

simply because, at audio frequencies, a transistor cannot tell the difference 

betV'{een AC and DC, so we would look for a component which could alter 

the signal gain without affecting the DC operating-point. Excessive noise 

can be due to almost any component. The most likely suspects would be 

the input transistor , Q 1, followed by the resistors and capacitors associated 

with the first stage since noise generated there would be subject to the 

most amplification. 

4. 
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CIRCUITRY DESCRIPI'ION/MAINTENANCE 

Mixer & Line Amps 1020 

The 1020 board consists of two independent amplifiers; a mixer amp and 

a program line amp. The mixer amp is characterized by vecy low input 

and moderate output impedances and the program line amp by high input 

and low output impedances. 

Mixer Amplifier: The input signals to the mixer amplifier are obtained 

from a group of mixer potentiometers and each one must be capable of 

being switched or adjusted in level without affecting the level coming 

from the others . The mixer amplifier is specifically designed for very 

low input g (100 ohms) and is supplied signal currents from the mixers 

through high value resistors of l0K ohms or more. Each input current , 

then, follows the path of least resistance into the mixer amplifier, 

independent of the condition of the other mixing channels , thereby providing 

excellent isolation between mixer channels. 

With a very low input g and high source g, the input signals take the form 

of a current which is a linear function of the source voltage. The unusually 

low distortion characteristics accrue in part because small changes of an 

already low input g have virtually no effect on the signal input currents . 

Obviously, the voltage attenuation of the mixer system is quite high -- it 

is the input current which determines the output voltage of the mixer amplifier. 

The output impedance is sufficiently low to serve as a voltage-source for 

the Master gain control. The mixer amplifier therefore operates in the 

1. 
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Mixer Amplifier (cont'd) 

"trans-impedance" mode; that is, the output voltage is a linear function 

of the input current, not the input voltage. A measure of voltage gain is not 

appropriate unless the input voltage is applied through a series feed 

resistor and the measured gain will then depend on the valu~ of this 

resistor as well as the amplifier gain. 

Circuit Operation: The first stage of the mixer amplifier Ql, is a con

ventional grounded-emitter amplifier with operating bias determined by 

current from the collector via R3 . A decrease of collector voltage will 

cause a decrease of base current, resulting in a decrease of collector 

current which tends to raise the collector voltage. R3 then, forms a 

negative feedback path which assures that Ql 's operating-point remains 

within a reasonable range. Normal operation of Ql will be obtained at 

any collector voltage between approximately S and 20 volts. 

Bias resistor R3 also performs a secondary function: Since signal voltage 

from Q l's collector is also fed back to the base , it is a negative-feedback 

path to the signal, as well. An input signal current to the base of Ql is met 

by an opposing signal current from R3, with the result that R3 appears to the 

input signal as a shunt impedance much lower than the schematic value. 

This contributes towards lowering the input impedance of the amplifier. 

The second stage Q2, is biased in the same manner as Ql by RS. Although 

RS does have the effect of lowering the input impedance of Q2, it is not 

nearly so effective since the voltage gain of Q2 is limited by the un-bypassed 

2. 
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Circuit Operation: (cont'd) 

emitter resistor R8; therefore, the relative feedback signal current is much 

lower. 

Tbe voltage gain of 02 i s determined by the ratio of resistor R8 to the 

collector load impedance R7 . Consider Q2 as having a typical beta of 100, 

and no external load on the collector . The emitter resistor R8 carries the 

collector current plus the base current, but since the base current is 

only 1 % of the collector current, we can assume the emitter and base 

current s to be the same for all practical purposes. 

The emitter is not bypassed , so a change of voltage at the base results in an 

equa l change at the emitter . This in turn changes both emitter and collector 

currents by the same amount. But the collector current is flowing through 

a resistor , R7, which is ten times larger than RB , so it must cause ten 

t imes the voltage- change. The voltage- gain of 02, then, must simply be 

the ratio of R7 to RB , or ten. In normal application, Q2 is loaded by the 

Master gain control (SK ohms) so the AC collector load impedance i s 1. 75 K ohms , 

i nstead of 2.7Kresulting in a normal stage gain of approximately 6 . 5,or 16db. 

The unbypassed RB , then, forms a third negative- feedback path - - this time 

to fix the ac gain - - because the collector current through R8 produces an 

·emitter voltage change which tends to cancel the input base voltage , thereby 

limiting the gain . 

The collector voltage of Q2, like Q 1, is not critical. The nominal signal 

level at the collector of Q2 i s f5 dbm , or about 1 volt rms . If we allow for 

12db of headroom , or 4 volts rms, t he collector must be free to swing 

12 volts peak-to-peak or 6 volts in either direction. So an operating

point between approximately 8 and 18 volts will assure normal operation. 

3. 
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Circuit Ope ration (cont'd) 

The signal voltage at the emitter of Q2 is the same as at the base of 

Q2 and so is a second source of shunt negative feedback to the base of 

Ql. Only this time, the source is a low impedance {RS) permitting the 

feedback resistor R6 to be low, also. R6, then, is a fourth negative-feedback 

path and has the most significant effect in lowering the input g of Ql. 

In addition, the source for R6 is a voltage which is a fixed portion of 

the output voltage. Therefore, R6 also serves to set the gain of Q 1. 

When an input signal current is applied to Q_l, the signal voltage at the 

emitter of Q2 can only rise to the poir1t where the combined feedback 

currents from R3 and R6 approach cancellation of the input current, with 

hthe current through R6 being domil)ailt . 

Very low distortion results, typically O .035%, since any difference of 

amplitude or phase between input and feedback currents appears as an 

error signal. The output voltage is therefore a linear reflection of the input 

current, which in turn is a linear function of voltage at the source end of the 

m ixer feed resistors. 

Gain of the mixer amplifier may be verified by applying an input signal 

current of 10 microamps through a minimum resistance of 2K ohms. Signal 

level at the collector of Ql should be about 130 mv, and at the collector 

of Q2 nearly 850 mv with the output connected to the SK Master gain pot. 

With no external load, the output should be nearer to 1.3v. 

4. 
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Circuit Operation (cont'd} 

Do not be concerned by 10 or 20.% gain variations, since many 10% resistors 

are used and are easily compensated for by the normal control settings. 

Line Amplifier: The input stage, Q3 and Q4, is a differential comparator 

which performs three separate functions: First is signal amplification wherein 

Q3 operates in the transconductance mode; that is, the collector current is a 

function of base voltage. Second, a large proportion of the average de 

voltage at the emitters of Q6 and Q7, which appears at the base of Q4, is 

compared to the base voltage of Q3 to stabilize_ the operating-points of the 

output transistors. And third, a small proportion of the output signal, which 

is fed back to the base of Q4, is compared to the input signal at the base of 

Q3, thereby setting the ac gain. 

When power is first applied, Cl3 must be charged to one-half of the supply 

voltage through Q6, and to protect Q6 the charging-rate must be limited. 

Q6 cannot turn on until QS and hence Q3 begin to conduct. But Q3 cannot 

conduct any faster than C6 can charge, so C6 not only filters the bias current 

to Q3, but also controls the charge-rate of Cl3. 

The ideal de operating-point for the output transistors Q6 and Q7 is one half 

of the supply voltage, because this is the point at which the greatest peak

to-peak output-voltage swing, or headroom, is available. When first turned 

on, C6 charges and the base of Q3 is brought to 40% of the supply voltage. 

As Cl3 charges, the voltage common to the emitters of Q6 and Q7 rises 

towards the supply. Upon reaching one-half of the supply voltage, 80% of this (or 

40% of the supply voltage) reaches the base of Q4 via de divider Rl6, RlS, 

s. 
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Line Amplifier: (cont'd) 

Rl4 and R22. 

These resistors form a de divider because C 11 prevents output signal 
• 

currents from reaching Q4 via Rl5/Rl4. Thus the comparator Q3/Q4 

compares the de operating-point of the output to the base voltage of 

Q3, which is as stable as R9, RlO and Rll will allow. The de gain of the 

amplifier, then, is very nearly unity, resulting in an extremely stable 

operating-point. 

The ac, or signal gain , is determined in very similar fashion: The 

output signal is taken from the load end of Cl3 so the feedb.ack signal 

is a true representation of the line output. At very low frequencies , both 

. amplitude and phase of the output will change ,due to the rising reactance 

of ~13. This change will appear as an error-· signal when compared with 

the input, and allows the reserve open-loop gain of the amplifier to correct 

the error, thereby permitting use of a capacitor of reasonable size and 

value while maintaining clean, undistorted response to below the 

audio range. 

. 

The ac feedback path is via divider Rl4 and RlS and gain is set by the ratio 

of these: two re sis tors. The Junction of Rl 5 and Rl 6 is at ac ground so Rl 6 

plays no part at audio frequencies. It can be seen , however, that ac gain 

would drop to near unity if C ll were open or removed. The ac gain is 

therefore set at 11, or 21 db. 

The collector impedance of Q3 is so high that Rl3 has no effect on gain . 

In the event of circuit failure, however, it serves to protect QS by 

· limiting base current . Dl provides ambient temperature compensation for 

6. 
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Line Amplifier (Cont'd) 

QG and Q7, while Rl 7, R20 and R2 l provide operating bias and thermal stability. 

At maximum signal amplitudes QG and Q7 must approach saturation. Q6 can 

readily do so because its base current comes from Q5, and Q5 's collector 

current is determine d by its base current -- not its collector voltage. The .. 

base current to Q7, however, is dependent upon Rl8 and Rl 9 and without 

Cl2 ·the base current would fall off as the base approached ground, 

resulting in clipping and/or distortion. With the junction of Rl8 and Rl 9 

"boot-strapped" from the output, Rl 7 appears as a constant-current 

source to Q7 and the junction can be driven below ground. 

R22 raises the source-impedance of the line amp, at the expense of nearly 

6db of signal level, so as to provide a good match for the 60 ohm primary 

of the line output transformer. The transformer produces 10 db of voltage 

gain, which is followed by a 3 db loss in a resistive isolation pad. The 

rms signal voltage at the emitters of Q6 and Q7 is therefore the same as the 

rms voltage delivered to the external 600 ohm load. 

If we assume a nominal i dbm voltage-level at the top of the Master gain 

control the l 020 line amplifier will produce 8 dbm (at ff vu) into the output 

line with 13 db of gain left to recover the voltage loss in the Master gain 

control. This corresponds to normal operation at about the one-o'c lock 

position. 

Component failures, if they occur, will almost always result in a shift of opera ting

point. If the operating-points in the 1020 are normal, all of the components 

associated with de operation must be normal, including transistors. So if 

an amplifier then has no ac gain, the logical suspects will be c~pacitors 

which may open without affecting de operation. Capacitors C2, C8, and 

7. 
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Line Amplifie r (cont'd) 

ClO may safely be ignored at this time since they are only effective above 

th£! audio spectrum. 

Noise or hiss, may be due to almost any component but these associated 

with Ql or Q3 and Q4 would be most suspect since subsequent gain is the 

highest. Hum (120 Hz) would of course lead one to the power supply. 

Distortion will be practically non-existent if normal de and ac gain is 

obtained. The line amplifier, for example has an open-loop gain of 

more than 66 db, providing more than 45 db of feedback so that 

distortion is almost un-measureable. If distortion does arise, it will 

almost always be the result of transistor substitution.-

8. 
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rl$~k~lfk ,r ELECTRONIC CORPORATION 

WARRANTY 

Sparta Electronic Coq::oration (''Sparta") expressly warrants products manufactured by it 
and bearing Sparta model numbers to be free from defective material and factory workman
ship. 

THE FOREGOING EXPRESS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EX
PRESS OR IMPLIED, IT BEING EXPRESSLY UNDERSTOOD AND AGREED THAT SPARTA 
DOES NOT WARRANTY EITI-IER TI-IE MERCHANTABILITY OF ITS PRODUCTS OR THEIR 
FITNESS FOR A PARTICULAR PURPOSE. 

The obligation of Sparta under the fo~egoing express warranty is limited to repairing any 
warranted product which upon Sparta's examination proves to be subject to defective 
material and/or factory workmanship, when such product is returned to our factory, trans -
portation prepaid by the purchaser, within one year from the date of original purchase from 
Sparta. Under no circumstances shall a breach of any warranty by Sparta subject Sparta 
to any claim for consequential damages, the purchaser expressly assuming all risk of such 
consequential damages. In the case of any breach of any warranty, the liability of Sparta 
shall not under any circumstances exceed the cost of repair or replacement of the defective 
product. 

High voltage transformers, modulation transformers, reactors and filter chokes carry an 
extended warranty of 50% of the replacement cost being allowed should failure occur during 
the second year. 

The foregoing express warranty does not apply to any products manufactured by Sparta that 
have been repaired, worked upon or altered by persons not authorized by Sparta, or that 
have been subject to misuse, negligence or accident , or the serial number of which has been 
altered, effaced or removed; neither does the foregoing express warranty apply to any 
products of Sparta that have been connected, installed, used or adjusted otherwise than in 
accordance with the instructions furnished by Sparta. Accessories, allied equipment, and 
components s upplied, but not manufactured by Sparta are not warranted, either expressly 
or impliedly, by Sparta, and shall carry only such warranty, if any, . as is made by the 
manufacturer of such product. 

The foregoing warranty shall be void if Sparta shall inspect any product and find it to have 
been modified, improperly installed or misused. 

NO PERSON, INCLUDING ANY DEALER, AGENT OR REPRESENTATIVE OF SPARTA IS 
AUTHORIZED TO MAKE ANY WARRANTY, WRITTEN OR ORAL, OR TO ASSUME FOR 
SPARTA ANY LIABILITY, EXCEPT TO REFER PURCHASER TO THE FOREGOING EXPRESS 
WARRANTY. 

Sparta reserves the right to make changes in design and improvements upon its products with
out assuming any obligation to install the same upon any of its products theretofore 
manufactured. 

August 1, 1973 
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Solid Tantalum ElectrolJtic cauacitors 

. 016 DIA. 

.100~ .. oso j 

Li 
i 

.e12! .100 

+ l 
l 

POLARITY INDICATION-WITH DOT MULTIPLIER 
AS VIEWED ABOVE POSITIVE LEAD IS ON RIGHT. 

TAG-STRAIGHT LEADS 

CASE DIMENSIONS-TYPE TAG 

DIA. 
CASE (D) 

1 .138 

2 .159 

3 .159 

4 .178 

5 .178 

6 .219 

7 .238 

*CRIMPED LEAD VERSION ONLY 

(H) 

.238 

.258 

.278 

.278 

.298 

.338 

.338 

o :!:.ou 

H. !.ocz 

.2 34:!:.020 

TAG-CRIMPED LEADS 
(SPECIAL ORDER ONLY) 

TABLE 3 

LENGTH 
*(H1) 

.378 

.397 

.421 

.421 

.437 

.457 

.457 

MARKING CODE ~~ 7 TABLE 4 

CAPACITANCE (MFDS) WORKING VQLTAGE 

CAP RING DOT COLOR 1ST SIGNIFICANT 2ND SIGNIFICANT MULTIPLIER COLOR VOLTAGE 
NUMBER NUMBER 

BLACK - 0 xl WHITE 3 
BROWN 1 1 xlO YELLOW 6.3 
RED 2 2 - BLACK 10 
ORANGE 3 3 - GREEN 16 
YELLOW 4 4 - BLUE. 20 
GREEN 5 5 - GR£Y 25 
BLUE 6 6 - PINK 35 
VIOLET 7 7 -
GREY 8 8 x0.01 

WHITE 9 ... 9 x0.1 
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Fig. 1 The terminal 
connectors shown 
here are crimped to 
the wires. This is 
an especially haz
ardous practice if 
the wires are cop
per. Creeping coro
s ion inside the 
clamp is possible. 

Fig. 2 A disc ca
pacitor is shown 
here with minimum 
possible leads. It is 
a good practice to 
keep all leads short 
and to trim exces
s iv e wire pro
truding through 
connectors after 
soldering. 

Eliminate that . RF/ 
in your Audio Circuits 
Once the symptoms are understood, RF in your audio circuits can be eliminated. Here is your guide to symptoms and cures.* 

•written by the engi
neering staff of Sparta 
Electronics,and edited 
by Paul Gregg. 

Radio frequency interference, or 
RFI, is always a possibility when 
audio equipment js operated in the 
presence of RF fields. It can be 
particularly troublesome in solid
state systems containing low-level 
program lines and high-gain pream
plifiers because less RF voltage or 
current is needed in such systems 
to cause interference. 

With properly-des igned audio 
equ ipment, particularly that in
tended for use by radio broad
casters, the incidence of RFI is 
relatively low when proper instal
lation practices have been followed. 
But RFI does occur in even the 
best of installations because of its 
virtually unpredictable nature. It 
does not necessarily require a 
strong field for RFI to result, and 
it is not uncommon for an audio 
system to be unaffected by a nearby 
high-power transmitter, yet be rid
den with RFI from a distant source 
at a different frequency . 

The obvious question, of course, 
is "Why can't audio equipment be 
made RFl-proof?" The answer, 
unfortunately, cannot be so ob
vious. Although normal gain and 
frequency response of an ampli
fier can be limited to the audio 
range, this is not the case for indi
vidual components and conductors. 
Capacitors, resistors, inductors, 
wires and transistors continue to 
function as such at frequencies far 
beyond the bounds of the audio 
spectrum: the wire that is a simple 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

conductor at audio frequencies may 
become a highly efficient antenna 
or inductor at radio frequencies; 
the insignificant stray capacitance 
at audio frequencies can become a 
very effective coupling o r tuning 
capacitor at radio frequencies; the 
semiconductor junction that is a 

linear control element at audio 
levels will become an excellent 
diode detector or modulator if 
sufficient RF energy reaches it. 

The task of RFI suppression, 
then , is just that - s uppress ion 
rather than elimination. No matter 

what pains are taken at the design 
and manufacturing levels to mini
mize susceptibility to RF, the pos
s ibility will s till exist si mply 
because there is no way to force a 
component (such as a semicon

ductor) to recognize the difference 
between a change of voltage or 

current at audio frequencies and a 
similar or greater change at some 
higher frequency. 

Fortunate ly, there a re ma ny 
effective preventive measures that 
can be taken, and the ultimate 
solution to RF I becomes that of 
providing reasonable suppression 
during initial design and manufac
ture followed by additio na l effort 
during subsequent installation if 

required by an unusually severe 
environment. It i well to note that 
the best of built-in suppression can 

be undone by improper o r careless 
ins tallation. 

RF/ Symptoms 

The symptoms of RF I are varied, 
depending upon the strength of the 
field, how it is entering the sy tern, 
where and how it is being detected, 

and what kind of modulation it 
carries. An AM carrier may enter 
a system, be partially or completely 
detected by a non-linear element 
(more on this later) a nd produce the 
modulation superimposed over the 
normal program. If the two pro
grams arc different, the intruder is 
usually recognized as such quite 
readily. If they are the same, the 
i.ymptoms may appear as hum, 
noise, raspiness or similar distor
tion. Also. if the RFI is strong 

enough. the result may be a com
pletely blocked amplifier stage with 
only noise or perhaps silence as a 

symptom. 
An audio system normally does 

not contain the necessary elements 
for FM detection, so when the 
intruding carrier is frequency mod
ulated the symptom is usually that 
of an un-modulated carrier: hum, 
noise, distortion of the normal pro
gram, or again the s ilence of a 
blocked a mpli fie r s tage. If the 
offender is a VHF FM carrier, 
however, it will often enter the 

audio system via a conductor or 
cable that is resonant or "tuned" 
at or near the frequency of the 
interfering carrier, quite literally a 
tuned antenna. In such a case the 
FM can be converted to AM by 

riding the slope of the tuned ele
ment and subsequently be detected 
by a non-linear element so as to 
exhibit the symptoms of AM RFI. 

When RFI is caused by a TV 
transmitter, the symptoms will most 
often, though not always, be c har
acterized by a raucous 60 Hz buzz 
due to the AM frame-rate sync
pulse. Since two carriers may be 

involved, one AM and one FM, the 
symptoms may also become in
volved, even to the extent of in
cluding those of a completely 
separate carrier from a nother 
source. 

No matte r how complex the 
symptoms, however, there are two 

factors common to all forms of RF I. 
First, RF energy is entering the 
system by a path or paths that can 

be located and interrupted. Second, 
the RF is being detected by a non

linear ele ment or rectifier that can 
be located and suppressed. 

The process of eliminating or 
suppressing RFI , the n, involves 
two basic s teps; preventing or mini

mizing the t ra nsfer of RF into the 
system, and preventing detection 
o f the RF. The first step is simpli
fied considerably by identifying the 
source and particularly the fre
quency of the interfering carrier, 

and the second requires locating 
the point at wh ic h it is being 
detected. 

Suppressing Entering RFI 

When considering the means 
whereby RF energy can enter an 
audio system, one must be con
stantly aware that s tray capaci
tances may be excellent conductors 
for RF and that any wire o r metal 
structure will be resonant at many 
different frequencies. The most 

prevalent example, of. course, is · 

the twisted pair shielded audio 

cable feeding a console which may 
act as a quarter-wave stub antenna • 

at one frequency and as a multi
wavelength long-wire antenna at a 
much higher frequency. Of nearly 
equal importance are ins ta nces 
where turntable to ne-arm leads act 

as VHF antennas -particularly 
troublesome because of their loca
tions in ver y low-level , high 
impedance circuits-and AC power
lines, which can be very effic ient 
longwire antennas at the lower 
radio frequencies. 

Problem Cables 
The search for the route of RFI 

is generally a process of eliminat
ing, one by one, the connecting 

cables by whic h RF may be e nter
ing the system. At the same time, 
judicious use of operating switches 
and potentiometers will provide 
positive clues as to the source. For 
example, if reducing a turntable 
mixer control to zero will stop the 
interference it is a near certain in
dicator that both injection and de
tection are taking place in that 
cha nnel and prior to the mixer 
contro l, perhaps in another part of 
the system. 

If a connecting cable is found to 
be an offender, the first step is to 
examine the connectio ns at both 
ends and particula rly the way the 
shield is connected. In most in
stances best operation will be. ob
tained when the shield is connected 

at the load or console end and left 
open at the source end. This is be

cause the equipment at each end 
of the connecting cable will always 

have some so1t of return to a com
mon ground, and connecting the 

shield at both ends completes a 
loop which quite often will respond 

to magnetic fields. There is no hard 
and fast rule, however. and it is 

wise to try various combinat ions. 
When the interference is in the 

VHF range, it will often be found 
that shortening or lengthening a 
cable will eliminate RFI by " de

tuning" it. Also, it may be fou nd 
that s imply moving or re-routing 

will accomplish the same effect. 
In suc h cases it is oftl n true that 
touching cables or connect ions will 
result in a change of :evel or symp

toms of the RFI. Obviously, con-

I 

' 
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Fig. 3 Schematic 
of portion of micro
phone preamp. 
Note the use of 
ferrite beads to 
suppress RFI. 

R2 
220K 

necting cables should never be 
coiled and tied in loops. I fone must 
be shortened but not cut, fold it 
back and forth upon itself and tie 
it securely. 

Using Capacitors 
I f cable-dress and shielding tech

niques are insufficient , bypass 
program-carrying conductor s to 
ground or shield terminals with 
suitable capacitors. Since the reac
tance of a capacitor decreases as 
frequency increases, the procedure 
is to choose a capacitor value 
which will have no significant effect 
at program l ine impedances and 
frequencies, yet form a low reac
tance shunt path to ground for the 
radio frequencies. For the typical 
600 Ohm system, a value of C.00 I 
mfd to 0.002 mfd is nearly ideal 
since the reactance is about 5 K 
Ohms at the higher audio frequen
cies, falls to 100 Ohms at the mid
dle of the AM broadcast band, and 
is close to I Ohm at the middle of 

RS 
15K 

01 
2N3391 

+ C3 
25 
15V 

R6 
180K 

~ 
/r7 

(

' '-- J 
l2 / 

, _ _/ 

02 
2N1507 

R9 

C15 
120pf 

+ 

cs 
5 
25V 

+ 

R4 
330 

R7 
270 

the FM-TV bands. 
The capacitors used should be 

low-inductance types, such as disc 
ceramics. Lead-lengths should be 
kept short, otherwise, the capaci
tor and leads could become reso
nant at a frequency which could 
add rather than cure RFI. The pre
ceding given values can be extrapo
lated to other impedance levels 
simply by following the reciprocal 
relationship: if the audio line im
pedance is higher, the capacitor 
should be proportionally smaller, 
and vice versa. 

RF Chokes 
In severe circumstances, RF

chokes may be inserted in series 
with the audio lines, and with by
pass capacitors to ground at each 
end a very effective filter section 
will result, if lead lengths are kept 
short. The Ohmite Z-50 and Z-144 
chokes are typical and quite popu
lar for suppression at the higher 
frequencies. Alternately, passing 

audio leads through ferrite beads is 
very effective and space-saving at 
VHF frequencies. C hokes are gen
erally not too practical at AM 
broadcast frequenc ies, however, 
since those with high enough reac
tance usually have enough D C re
sistance to affect audio levels in 
low-impedance l ines. When filter
ing AC power lines, 0.0 I to 0.1 mfd, 
600 Volt capacitors may be used, 
although it may be simpler and more 
effective to employ a commercial 
filter designed for the purpose. 

RF Detection 
The suggestions so far have dealt 

with means of preventing RF from 
entering the audio system. Of equal 
importance and o ft en the most 
effective approach is to isolate and 
suppress the point of detection. 
Even though it may require going 
into the circuitry of equipment in 
the audio system, it often requires 
less effort than adding multiple fi l
ters to prevent the RF from enter-
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ing in the first place. As an aid in 
locating points at which RF can be 
detected, it will help to consider 
some circumstances that can result 
in a non-linear junction, or rectifier. 

Considering one of the earliest 
known forms of an RF detector, the 
galena crystal and cat's whisker, 
we can see the effects of RF detec
tion resulting from point-contact 
of two dissimilar metals. The signi
ficant factor is that a junction of 
any two dissimilar metals or metal 
compounds is a potential detector. 
Now, we cannot prevent such junc
tions in an audio system because 
they exist virtually every time a 
connection is made. What we can 
do, however, is assure that every 
connection is secure and tight so 
there is no possibility of introduc
ing a voltage-drop - audio or RF. 

Turntable RFI 
In this context we must also con

sider a very common cause of RFI 
in turntable systems. Connections 
to the tone-arm cartridge are made 
with small push-on clips because 
soldering to the cartridge pins di
rectly would likely destroy the 
cartridge. The combination of a 
loose clip, particularly if oxidized, 
plus the tone arm lead (an excel
lent VHF antenna) and the follow
ing high-gain -amplifiers is an 
excellent invitation to RFI. Also, 
the usual tone arm with plug-in 
cartridge-shell and plug-in connect
ing cable provides two additional 
sets of contacts at which RFI de
tection can take place. 

Transistor RFI 
Within the circuitry of individual 

equipments of an audio system, 
the most common offender is the 
emitter-to-base junction of a tran
sistor. This junction is a forward
biased djode, with bias set so that 
a change of base current with sig
nal will produce a linear but am
plified change of collector current. 
Should RF energy reach such a 
junction, the bias could shift to a 
non-linear area and result in distor
tion of the normal program mate
rial. If the RF is amplitude 
modulated, it is likely that partial 
or full detection would take place, 
resulting in audible recognition of 
the AM component along with 
normal program. A sufficiently high 
level of RF, however, could com
pletely block a transistor, causing 
complete loss of any audible symp
tom. It becomes quite necessary 
to allow for varying symptoms with 
varying levels of interference when 
attempting to locate an offending 
junction. 

Once the point of detection is 
determined, the solution is much 
the same as earlier described; shunt 
capacitors with short leads, and 
series inductors in severe instances. 
It is usually easiest and most effec
tive to add a capacitor directly 
across the emitter-to-base junction. 
The most effective capacitor value 
will vary with particular circuit 
parameters, but a value of 100 pf 
is a good starting-point. As a gen
eral guide, the capacitor should be 
as large as practical without caus
ing a loss at the highest audio 
frequencies. 

The input impedance ill the base 
of a transistor is usually measured • 
in thousands of Ohms, and the 
signal current is generally quite 
small. If it is found that a capacitor 
reduces but does not adequately 
suppress the RFI , it will often 
suffice to then add a series resistor 
of perhaps l00 to I K Ohms in 
series with the signal patlt imme
diately preceding the shunt capaci
tor, and substitute an inductor for 
the resistor in particularly severe 
instances. These latter extremes 
are rarely necessary, since most 
audio equipment designs include 
equivalent suppression at the most
likely points of RFI detection. 

Exit RFI, Stage Left 
We can conclude that RFI is 

always a possibility in an audio 
system and can appear unexpect- e. 
edly when a change or addition is 
made to the system or when another 
transmitter goes on the air. We can ~ 
also conclude that RFI suppres
sion is a logical process of eliminat-
ing or minimizing RF paths into 
the audio system, or locating and 
suppressing the points at which 
detection is taking place, or both. 

. A 

Reprinted from January, 1972 issue of BROADCAST ENGINEER"ING 
Copyright 1972, Howard W. Sams & Co. Inc. 
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