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LINE OUTPUT 

·' LINE INPUT 

CUE/AUX INPUT 

MONITOR OUTPUT: 

LINE AMP GAIN 

RESPONSE 

DISTORTION 

NOISE 

POWER 

DIMENSIONS 

WEIGHT 

OPTIONS 

LAM-1 SPECIFICATIONS 

23 dbm, 600 ohms balanced. +8 dbm output gives 0 VU 

indication with standard pad configuration. 

Unbalanced, l0K bridging . -12 <lbm required for +8 dbm output. 

Unbalanced , l0K bridging. ~2 dbm required for 0 VU indication. 

1 volt nominal to high impedance load. 

25 db. 4 db line isolation pad standard. 

20 - 20,000 Hz, plus or minus 1 db. 

Line Amplifier - less than 0. 5% 2 0 - 20,000 Hz @ i B' dbm output 

(no line pad) less than 

(no line pad) . 

1. 0% SO - 20,000 Hz @ +23 dbm output 

More than 100 db below line output of +23 dbm . 

117volts, S0/60Hz . . •~ ,:- · .. -.,r•.: '· · .... 

3 1/2" high, 19" wide, f ' J.,n ·"deep. Power supply is S" x 4" x 2". 

12 pounds 

8 watt per channel built-in monitor amplifier. 

Response plus or minus 2 db 30 - 20,000 Hz. 
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INTRODUCTION: 

FUNCTIONS 

LAM-1 LINE AMPLIFIER/MONITOR CONTROL 

The LAM-1 (S) ·and LAM-1 (M) provide centralized monitoring 

and control of broadcast automation audio levels. Program 

out.put levels of up to +23 dbm are available. +8 dbm is 

standard for 0 VU meter indication . Three front panel push-
,) 

button switches connect the VU meters and audio monitor 

output across the Line, Cue, or Aux output signals. Recessed 

level controls are provided on the front panel for the line 

amplifier(s) and cue amplifier(s) . · Optional 8 watt per channel 

monitor amplifiers are available and are contained within the 

S 1/4" rack mount housing of the LAM-1. Otherwise, any 

external monitor amplifier can be used, such as the SPARTA 

MA-25 or MAS-SO series·. 

In the Line monitor mode, the VU meters and audio monitor -- . 

output are connected across the line amplifier output. This 

gives an accurate visual and aural indication of the automation 

audio output. 

In the Cue monitor mode, the VU meters and audio monitor 

output are connected across the cue amplifier output. This 

switch position can be used for auditi.on purposes, cueing 

tapes, and setting tape levels . 

The Aux monitor mode feeds an uncommitted audio input to the 

2. 
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OPERATION: 

cue amplifier and connects the VU meters and audio monitor 

across the cue amplifier. The Aux input can be used as an "air" 

monitor or with any other audio source of at least -15 dbm signal 

level. In SPARTAMATION systems, the Aux input is usually 
~,) 

connected to the Monitor output of the 1052 Program Controller. 

This is a convenient point to check program audio before the 

2 5Hz tone sensor and line amplifier. _ Since the audio is being 

monitored at a point before the high pass filters, 25Hz tone 

levels can be determined by using the Aux mode . 

The LAM-1 should be connected between the automation Program 

Controller and the transmitter, audio console, or amplifier which 

it feeds. If there is a 25Hz tone sensor external to the c~ntroller, 

the LAM-1 should be connected to its output. All inputs are 

10,000 ohms unbalanced. 

Levels should be adjusted using an NAB standard reference level 

tape. First adjust the output of the tape reproducer to the desired 

level (usually in the range of -10 to +4 dbm) . With the LAM-1 

monitor switch in the Line position, play the tape through the 

automation system . Using a screwdriver, adjust the front panel 

line amplifier gain control(s) until the VU meter(s) indicate O VU . 

Now play the tape through the audition channel of the controller, 

3. 
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put the LAM-1 monitor switch in the Cue position and adjust the 

front panel cue amplifier gain control(s) until the VU meter(s) 

indicate O VU. It will now be possible to adjust the levels of 

the remaining tape reproducers by using the LAM-1 meter(s) as 
► .) 

a reference. Play the standard reference level tape through the 

system on each tape reproducer and adjust the output of each 

to read O VU on the LAM-1. Since the Cue and Line readings 

have been set to be equal , it is also possible to set or check 

t ape level s in the Cue monitor mode. 

The Aux input does not have a separate gain control and so it 

may be necessary to attenuate the signal externally to provide 

mete r readings comparable to Line and Cue . In the 1052 Program 

Controller , the Monitor and Audition outputs are at very nearly 

the same level, so no attenuation should be required. 

4 . 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ....___ 

I 
I 

LINE AMPLIFIER: 

CIRCUIT DESCRIPTIONS 

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 ch_arging

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 

5 . 
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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, Rl4 and R22. , 
,) 

These resistors form a de divider because Cll 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 feed

back 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 Cl3 . 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 

6. 
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by the ratio of these two resistors. The Junction of RlS and Rl6 

i s at ac ground so Rl6 plays no part at audio frequencies. It 

can _be seen, however, that ac gain would drop to near unity if 

Cll w_ere open or removed. The ac gain is therefore set at 11 , or 
► ,J 

21 db. 

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

on gain . In the event of circuit failu1:e, however, it serves to 

protect QS by limiting base current. DI provides ambient 

temperature compensation for Q6 and Q7, while Rl7, R20 and R21 

provide operating bias and thermal stability. At maximum signal 

amplitudes Q6 and Q7 must approach saturation. Q6 can readily 

do so because its base current comes from QS, and QS's 

collector current is determined by its base current -- not its 

collector voltage . The base current to Q7, however, is dependent 

upon Rl8 and Rl9 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 Rl9 "boot-strapped" from 

the output, Rl7 appear s 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 6 db of signal level, so as to provide a good match for 

7 . 
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the 60 ohm pri"mary of the line output transformer . The trans

former prcx:iuces 10 db of voltage gain, which is followed by a 

4 qb. 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 ,£1 dbm voltage-level at the top of the 

Master gain control the 1020 line amplifier will produce 8 dbm 

{a t .£1 VU) into the output line with· 13 db of _gain left to recover 

loss in the Master gain control . 

Component failures , if they ocour, will a lmost always result in 

a shift of operating-point. If the operating- points in the 1020 

are normal, a ll of .the components associated with de op~ration 

must be normal, including the transistors . So if an amplifier 

then has no ac gain, the logical suspects will be capacitors 

which may open without affecting de operation. Capacitors C8, 

C9 and ClO may safely be ignored at this time since they are only 

effective above the audio spectrum . 

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

associated with 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. 

8 . 
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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 feed-
•, 

back so that distortion is almost un-measureable. If distortion 
► ., 

does arise, it will almost always be the result of transistor 

substitution . 

MONITOR AMPLIFIER: The 1025 Monitor Amp provides 8 watts rms into an 8 ohm speaker 

load and will deliver slightly higher power into loads as low as 

4 ohms. With loads higher than 8 ohms, power is limited primarily 

by the power-supply voltage and will be correspondingly reduced. 

The output circuitry is transformerless and can be considered as 

a virtually true voltage source; that is, the source impedance is 

very low compared to the load impedance. For this reason the 

l oad should never be less than 4 ohms, and a short-circuit should 

be avoided at all costs. 

The input impedance is quite high, SOK ohms and the AC gain is 

set at approximately 40 (32 db) by a closed-loop feedback network . 

The open-loop gain is nearly 2000 which accounts in part for the 

typically low distortion of less than 0.5%. 

DC stability (output "Q" point) is stabilized by a DC feed;hack 

l oop which sets the DC gain to near-unity and samples the output-

9 . 
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stage· operating-point. 

The input transistor Ql operates in the transconductance mode 

{output current proportional to input voltage) with both AC and 

DC feedback to the emitter. Since the output stage is in-phase 
►,) 

with the input signal, feedback to the emitter tends to cancel 

the input voltage and is therefore negative feedback. 

The second stage Q2 operates in the trans-impedance made by 

converting its base current to a rather large collector-voltage 

swing. The voltage gain, per se, of the 1025A takes place in 

this stage. 

Transistors Q3 and Q4 are a complementary pair that .Provide 

current gain for driving the totem-pole output pair, QS and Q 6. 

Although Q3 may appear to be providing voltage-gain, it actually 

is simply providing phase-inversion and base-current drive to QS 

as a conventional Darlington driver. To do so, its CE voltage 

must follow that of Q2 . 

DC FEEDBACK: The Key to circuit understanding and easy repair 

lies in the feedback networks. Referring to the schematic S-14, 

the collector voltage of QS should be very near to one-half of the 

s1,1pply voltage, or 14 volts, to assure that the output signal voltage 

can swing an equal amount in both directions before clipping occurs. 
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The output voltage is fed via R7 and R6 to the emitter of Ql, where 

i t is compared to the base voltage of Ql as determined by divider 

R2/R3 . If the average output voltage tries to change in either 

direction, it appears as an .error signal to Ql , and therefore the 
~) 

output operating-point is determined a lmost solely by R2 and R3 . 

Capacitor C4 prevents output voltage changes at an audio rate 

from reaching Ql via R7, so that at DC and sub-audible frequencies 

the gain is very near to unity , insuring that the average output

stage voltage is essentially the same as the base of Ql. 

Cl oser examination will show that RS will act as a divider with 

R6 a nd R7 so that the emitter voltage of Ql would be less than the 

output voltage . Because of this attenuation , plus the EB drop of 

Ql, the base voltage of Ql is set slightly higher than one-half 

of the s upply. . 

In the event of circuit failure , the fir st s tep is to measure the 

collector voltage of QS . If it is correct, then all transistors and 

resistors are normal s ince neither can tell the difference between 

DC and audio AC ! 

AC FEEDBACK: The AC gain is determined by a secondary feedback 

network in a manner similar to the DC case . The output voltage 

from terminal 1 is fed back to Ql via RS . Since the junction of R6 

11 . 

" 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
1· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

and R7 is AC bypassed to ground, RS and R6 comprise an AC 

voltage divider . The AC output voltage, then, is allowed to be 

higher than the input by the ratio of RS to R6. Since RS is so 

much higher than R6 plus R7',, it has little effect upon the DC 
,; 

operating point. 

By taking the AC feedback from the load end of C6, the full open

loop gain of the amplifier is used to correct for amplitude loss 

and phase-shift at the lowest frequencies. This allows extended 

low-frequency response with a reasonable value for C6. 

BIAS: Diode Dl and resistor R8 comprise a vias network to assure 

that Q3 to Q6 are always conducting so as to avoid "crossover" 

distortion. The quiescent current of the 1025 is determined 

primarily by the idling current of Q 5 and Q 6, and should normally 

nof exceed 10 or 12 ma. 

Since all transistors are silicon, if the quiescent current is too 

high diode Dl should immediately be suspect. If the operating

point is normal the problem can be localized by shorting the bases 

of Q3 and Q4 together . The idling current should drop sharply, 

thereby eliminating Q3 to Q6 as possible causes. 

12. 
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Solid Tantalum ElectrolYlic caoacnors 

i 
.1 1:1:! . too 

.Oll OIA, + l 
. 100 ••. o,o ~ l 

POLARITY INDICATION- WITH DOT MULTIPLI ER 
AS VIEWED ABOVE POSITIVE LEAD IS O N 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 

7 
H, ! . OCt 

MTG su11,. 

JI L I 111 

lou 

o•• ! . 001 

1 

J
1

L .010 o,. 

TAG-CRIMPED LEADS 
(SPECIAL ORDER ONLY) 

TABLE 3 

LENGTH 
(H) •(H1) 

.238 .378 -

.258 .397 

.278 .421 

.278 .421 

.298 .437 

.338 .457 

.338 .457 

MARKING CODE ~ 7 TABLE 4 

CAPACITANCE (MFDS) WORKING VOLTAGE 

CAP RING DOT COLOR 1ST SIGNIFICANT 2ND SIGNIFICANT COLOR VOLTAGE 
NUMBER NUMBER MULTIPLIER 

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 - GREY 25 

BLUE 6 6 - PINK 35 -, 

VIOLET 7 7 -
GREY 8 8 x0.01 

WHITE 9 9 xO.l 
.. 
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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
si on 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
sive 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 
Electron/cs 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 properl y-designed audio 
equipment, particularl y 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. A lthough normal gain and 
frequency response of an ampli
fier can be l imited 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 

wigfi
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conductor at audio frequencies may 
become a highly efficient antenna 
or inductor at radio frequenc ies; 
the insignificant s tray capacitance 
at audio frequencies can become a 
very effective coupling or 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, 
the n , is just that-suppression 
rather than elimination. No matter 
what pains are taken at the design 
and manufacturing levels to mini
mize susceptibility to RF, the pos
sibilit y will s till exist simpl y 
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 
simila r or greater change at some 
higher frequency. 

Fortunately, there are many 
effective preventive measures that 
can be taken, and the ultimate 
solution to R FI becomes that of 
providing reasonable suppression 
during initial design and manufac
ture followed by additional effort 
during subsequent ins tallation if 
required by an unusually severe 
environment. It is well to note that 
the best of built-in suppression can 
be undone by improper or careless 
installation. 

RFI Symptoms 
The symptoms of RF I are varied, 

depending upon the strength of the 
field. how it is entering the system, 
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) and produce the 
modulation superimposed over the 
normal program. If the two pro
grams are different. the intruder is 
usually recognized as such quite 
readily. If they are the same, the 
symptoms may appear as hum, 
noise. raspiness or similar distor
tion. Also, if the RF I is strong 
en-ough, 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, distortio n of the normal pro
gram, or again the silence of a 
blocked a mplifier s tage. If t he 
o ffender 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 literaJly a 
tuned a nte nna. In such a case the 
FM can be converted to AM by 
riding the s lope 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 TY 
tra nsmitter, the symptoms will most 
often. though not always, be char
acterized by a raucous 60 H z buzz 
due to the AM frame-rate sync
pulse. Since two carriers may be 
involved, o ne 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 another 
source. 

No matter how complex the 
symptoms, however, there are two 
factors common to all forms of RFI. 
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 element or rectifier that can 
be located and suppressed. 

The process of eliminating or 
suppressing RFI , then, involves 
two basic steps; preventing or mini
mizing the transfer of RF into the 
system, and preventing detection 
of the RF. The fi rs t step is simpli
fied considerably by identifying the 
source and particularly the fre
quency of the interfe ring carrier, 
and the second requires locating 
the point a t whic 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 stray capaci
tances may be excellent conductors 
for RF and that any wire or metal 
structure will be re onant at many 
different freque nc ies. 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 a re instances 
where turntable tone-arm leads act 
as VHF anten nas-particularly 
troublesome because of their loca
tio ns in very low-level , high 
impedance circuits-and AC power
lines, which can be very efficient 
longwire antennas at the lower 
radio frequencies. 

Problem Cables 
The search for the route of RF I 

is generally a process of eliminat
ing, one by one, the connecting 
cables by wh ich RF may be enter
ing the system. At the same time, 
judicious use of operating switches 
a nd 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 
c hannel and prior to the mixer 
control, perhaps in another part of 
the system. 

If a connecting cable is found to 
be an offender, the first s tep is to 
examine the connections at both 
ends and particularly 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 sort of return to a com
mo n ground, and connecting the 
shield at both ends completes a 
loop which quite often will respond 
to magnetic fields. Ther.e is no hard 
and fast rule, however, and it is 
wise to try various combinations. 

When the interference is in the 
VHF range, it will often be fou nd 
that shortening or lengthening a 
cable will eliminate R F I by " de
tuning" it. Also, it may be found 
that s imply moving or re-routing 
will accomplish the same effect. 
In such cases it is ofll.n true that 
touching cables or connections will 
result in a change of level or symp
toms of the RFI. Obviously, con-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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. If one 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 conductors 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 line 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.001 
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 

Ql 
2N3391 

+ CJ 
25 
15V 

R6 
180K 

C . r7 

(

• L _J 

i2 / 
, _ _/ 

02 
2N1507 

R9 

ClS 
120pf 

+ 

cs 
5 
25V 

+ 

R4 
330 

R7 
270 

+(4 
100 
12V 

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 Choices 
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. Chokes are gen
erally not too practical at AM 
broadcast frequencies, however, 
since those with high enough reac
tance usually have enough DC re
sistance to affect audio levels in 
low-impedance lines. 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 often 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 fil
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 no n-linear junctio n, or rectifier. 

Considering o ne 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 fro m point-contact 
of two dissimilar metals. T he 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 RF I 
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 V H F antenna) and the follow
ing high-gain amplifiers is a n 
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 aud io system, 
the most common offender is the 
emitter-to-base junction of a tran
sistor. This junction is a forward
biased d\ode, 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 
j unctio n, the bias could shift to a 
non-linear area and result in distor
tion of the normal program mate
r ial. If the RF is a mplitude 
modulated , it is likely that partial 
or full detection would take place, 
resulting in audible recognitio n 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. lt becomes quite necessary 
to allow for varying symptoms with 
varying levels of interference when 
attempting to locate an offending 
junction. 

O nce the point of detection is 
determined, the so lution 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. 
T he 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. 

T he input impedance ill the base 
of a transistor is usually measured 
in thousands of O hms, and the 
signal current is generally quite 
small. lf 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 100 to I K Ohms in 
series with the signal path 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 RF l detection. 

Exit RFI, Stage Left 
We can conclude that RF l is 

always a possibility in an audio 
system and can appear unexpect
edly when a change or addition is 
made to the system or when another 
transmitter goes on the air. We can 
also conclude that RF l 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. 

• 

Reprinted from January, 1972 issue of BROADCAST ENGINEERlNG 
Copyright 1972, Howard W. Sams & Co. Inc. 
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