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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~forins appears as an error signal. Distortion in the 1018 is held well

below 0.1%.

A stable operating-point, or "Q", is one of. the most important characteristics of
an -amplifior because the maximﬁm signal output without clipping and thercfore
the headroom is determined by the average DC voltage at the emitter of Q3. The
emitter can move no higher than the supply. voltage and no lower than ground, so '
the ideal operating~point, permi.tting maximum dynamic range, is logically some-

where near Lo one-half the supply voliage.

The emitter voltage of Q3 is set by the collector voltage of Q2 and since the
coll_e_ctor current of Q2 is also the emitter current of Q2, any change in the collect-
or voltage of Q2 also appears as an inverted change at the emitter of Q2. The bias
current for Q1 is obtained through R6 from the emitter of QZ; therefore, any change
.of emitter voltage at Q2 results in a corrective change of bias current to Q1. This
not only provides normal operating bias for Q1, but any change at Q2 is also fed-

back to 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 shift in the operating-point of Q3. Stated in a
more useful manner, if the emitter of Q3 is at a rcasonable voltage, then all of

the components involved must be functioning normally.

3.
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Line Amplificer: (cont'd)

R14 and R22.

Theseresistors form a dc divider because C1l1 prevents output signal

currents from reaching Q4 via R15/R14. Thus the comparator Q3/Q4

comparcs the dc operating-point of the output to the basc voltage of

Q3, which is as stable as R9, R10 and R11 will allow. The dc 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 C13 so the feedback signal

is a true rep-resentation' of the line output. At very low .frotwencies, both
amplitude and phase of the output will change due to the rising reactance
of C13. This change will appear és an error -signal when compared with
the input, and allows the reserve open-loop gain of the amplifier to correét
the error, thereby permitting use of a capacitor of reasonable size and
value while maintaining clean, undistorted respbnse to below the

audio range.

The ac feedback path is via divider R14 and R15 and gain is set by the ratio
of thesc two resistors. The junction of R15 and R16 is at ac ground so R16
plays no part at audio frequencies. It can be seen', however, that ac gain
would drop to near unity if C11 were open or removed. The ac gain is
thereforé setat 11, or 21 db.

The collector impedance of Q3 is so high that R13 has no effect on gain.

In the event of circuit failure, howevcr‘, it serves to protect Q5 by

limiting base current, DI provides ambient temperature compensation for
‘ 6.
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RFI

ELIMINATION

Radio frequency interference, or RFI, is always a possibility when audio
equipment is operated in the presence of RF fields. It can be particularly
troublesome in solid—stafe systems containing low-level program lines and
high-gain preamplifiers necause less RF voltage or current is needed: in'such
systems to cause interference.

With properly-designed audio‘ equipment, particularly that intended for use
by radio proadcasters, the incidence of RFI is relatively low provided proper
installation practices have been followed, yet RFI does occur in even the bestA
of installations pecause of its virtually unpredictable nature. It‘ does not
necessarily require a strong field for RPI to result, and it is not uncommon
for an audio system to be unaffected by a nearby high-power transmitter,

yet be ridden with RFI from a distant source at a different frequency.

The obvious questicn, of course, 'is "Why can't audio equipment be made
RFI-proof? " Thé answer, unfortunately, cannot be so obvious for although
normal gain and frequency response of an amplifier can easily be limited
to the audio range, this is not the‘ case for individual components and

" conductors. Capacitors, resistors,_inductors, wires énd transistors

continue to function as such at frequencies far beyond the bounds of the
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audio spectrum, The wire that is a simple 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 or tuning capacitor at radio frequencies: The
eemiconductor 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 -- suppre-ssion rather than
elimination. No metter what pains are taken at the design and manufacturing
levels io minimize susceptibility to RF, the possibiiity wili still exist simpiy
because there is no way to force a comi)onent such as a semiconductox; to .
recognize the difference between a change of voltage or current at audio_
frequencies and a similar or greater change at some higher frequency.
Fortunately, there are many effective preventative measures that can be
taken; and the ultimate solution to RFI becomes that of providing reasonable
suppressien during initial design and menufacture followed by additional
effort during subsequent installation, 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.

The symptoms of RFI 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
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completely detected by a non-linear element (more on tnis' later)_ and produce
the modulation superimposed over the normal program. If the-tw.o programs
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
distortion, Also, if the RF} is strong enough, the result may be a completely

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, [Je] wheh the intruding carr.ier is frequency modulated the symptom is
usually that of an un-modulated carrier; hum, noise, distortion of the normal
p'rogram, or again the silence of a blocked amplifier stage. If the offender is
a VHF FM carrier, however, it will most often be entering the audio system via
a conductor or cable that is resonant or >"tuned" a"c or near the frequency of the
interfering carrier; quite litera;ly a tuned antenna. In such a case tile 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 RFL.

When RFI is due to a TV transmitter, the sympt'oms will most often, though not -

always, be characterized by a raucus 60 Hz. buéz due to the AM frame-rate
sync-pulse, Since two carriers may be involved, one AM and one FM, the
symptoms may also become involved, even to the extent of including thos¢ of
-a completely separate carrier frém another source, No matter how complex the

-symptoms, however, there are two factors common to all forms of RFI, First,
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at program-line impedances and frequencies, yet form a low reactance shunt
path to ground for the radio frequencies. For the typical 600 ohm system, a
value of 0.00]1 mfd to 0.002 mfd is nearly ideal since the reactance is about
SK ohms at the higher audio frequencies., falls to 100 ohms at the middle of

the AM broadcast band, and is close to 1 ohm at the middle of the FM-TV bands.

The capacitors used should be low-inductance types, such as disc ceramics,
and lead-lengths should be kept short: Otherwise the capacitor and leads could
become resonant ét a frequency which could add rather than cure RFl. The
preceding given values can be extrapolated' to other impedance levels simply

by following the reciprocal relationship; if the audio liﬁe impedance is higher,

the capacitor should be proportionally smaller, and visa-versa, |

In severe circumstances RF chokes may be inserted in series with the audio
lines, and with bypass 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 popular for suppression at the higher frequencies.
Alternately, passing audio leads through ferrite beads is very effective and
space-saving at VHF frequencies, Chokes are g.enerally not too practical at AM
broadcast frequencies, however, since those with high enough reactance usually
have enough DC resistance to affect audio levels in low-impedance lines. When
filtering AC power lines, 0.01 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.
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The suggestions so far have dealt with means of préventing RF f;om entering
the audio system., Of equal importance and often the most effectiive 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 filters to prevent the RF from entering in the first
place, As an aid in locating points at which RF can be detected,/;t 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
cﬁstal and cat's-whisker, we can see the effects of RF detection resulting

from point-contact of two dissimilar metals._ The significant factor is that a
junction of any two dissimilar metals or metal compounds is potential detector,
Now, we cannot prevent such junbtions in an audio system because fhey exist
virtually every time a connection is made, What We can do, however, is assure

that every connection is secure and tight co there ic no possibility of introducing

a voltaae-A--r -~ audio or RF,

In this context we must also consider a very comﬁon cause of RFE in turntable
.systems. Connections to the tone-arm cartridge are made with small push-on
clips because soldering to the cartridge pins directly would likely destroy the
cartridge. The combination of a loose clip, particularly if oxidized, plus the
tone arm lead (an excellent VHF antenna) and the following high-gain amplifiers

is an excellent invitation to RFL, Also, the usual tone arm with plug-in
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100:.050 >

POLARITY INDICATION—WITH DOT MULTIPLIER
AS VIEWED ABOVE POSITIVE LEAD IS ON RIGHT.

TAG—STRAIGHT LEADS

202

—>1.234% 020

— —x

re-- 020 DIA.

r—

TAG—CRIMPED LEADS
(SPECIAL ORDER ONLY)

CASE DIMENSIONS—TYPE TAG TABLE 3
DIA. LENGTH
CASE (D) H) *(Hi)
1 .138 .238 .378
2 .159 .258 .397
3 .159 .278 421
4 .178 .278 421
5 .178 .298 437
6 .219 .338 .457
7 .238 .338 457
*CRIMPED LEAD VERSION ONLY
MARKING CODE TABLE 4
CAPACITANCE (MFDS) WORKING VOLTAGE
CAP RING DOT
COLOR 1ST SIGNIFICANT | 2ND SIGNIFICANT MULTIPLIER COLOR VOLTAGE
NUMBER NUMBER
BLACK — 0 x| WHITE 3
BROWN 1 1 xIO 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 S PINK 35
VIOLET 7 7 -
GREY 8 8 x0.0lI
WHITE 9 9 xO.l
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