Fig. 1. Basic compressor unit.
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Front view of unit with
upper front panel removed,
showing placement of meter
and accessibility of tubes.

|

|

Output level of this amplifier remains constant

U

within 1 db for input variations of up to 20 db.

-ing, the factors usually considered

in design of equipment are: quality
of response, ease of operation, and long
life with minimum maintenance. Under
the “ease of operation” heading comes
another item which could be termed
“minimum operational personnel.” This
is more or less true in all instances and
is especially true at smaller stations
where the operating margin is small.
It has been exemplified over the years
by the increasing use of engineers who
double as announcers, newscasters, pro-
gram directors, ete. In studio and con-

IN COMMERCIAL radio broadcast-

trol room work it has proved very:

successful, because the engineer is
either doing the announcing or can
watch the performers, and can thus
anticipate any sudden increase in loud-
ness and adjust the gain controls ac-
cordingly.

But remote-pickup broadcasts, and
especially sports remotes, have con-
tinually presented two problems. The
sportscaster cannot do justice to his
reporting if he is endeavoring to main-
tain a near-constant output level from
his remote amplifier. This leaves the
gain-riding to the studio engineer who
cannot see the play and will therefore
have difficulty following the changes
in incoming  signal level. The second
problem is electrical rather than physi-
cal. It is the possibility of overdriving
the telephone line from the remote
location to the econtrol room, which may

cause crosstalk in adjacent cable pairs
or distortion in the broadecast loop. (The
above is predicated on the use of only
one man at the remote site. Because
of the problems just mentioned, it has
been customary to use two men—one to
engineer and ride gain, the other to
give the play-by-play coverage of the

event. Obviously, this means increased

overhead.)

The most practical solution to these
problems, i.e., the use of some means
of automatic volume control or ampli-
tude compression in the remote gear,
has not been overlooked. But it con-
flicts with two of the prerequisites of
remote gear: light weight and small
size. Jn order to achieve the quality
desired with the customary variable-p

A

Fig. 1. Basic compressor unit.
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RADIO-ELECTRONIC ENGINEERING

CONSTANT-OUTPUT BROADCAST
> SO AVPLIFIER

By ED €. MILLER
Chief Engineer, Station EWEI

tubes, a push-pull circuit would be re-
quired and would involve at least three
more tube envelopes and one more
transformer than used at present in
commercial remote equipment, increas-
ing considerably its size, weight and
cost. :

In recent months a circuit has been

"developed, primarily for communica-

tions and amateur use, which is known
as the NRCS loss compressor. Shown
schematieally in Fig. 1, it is a forward-
acting, high -impedance compressor,
with a loss logarithmically proportional
to the applied signal amplitude. It can
be designed to produce an output within
1 db of the zero compression output,
with an input change of nearly.20 db.
Its frequenecy response is good, and the
distortion at all levels of compression
very satisfactory, but it does produce
a low frequency transient with com-
pression changes—which limits low
frequency operation. In the remote
equipment built at KWEI, this tran-
sient was eliminated by the push-pull
arrangement shown in Fig. 2.
Considerable thought was given to

“the design of the remote amplifier

shown in the photographs. It meets
all the physical and electrical require-
ments deemed desirable by the engi-
neers responsible for the quality of the
broadcasts and by the sports an-
nouncers who have to use it. These in-
clude light weight, small size, good
frequency response, low distortion, two
individually adjustable microphone in-
puts, and no necessary adjustments
after setup in the field.

Normally, when a two-way line is
available for use as the broadeast
loop, commercial announcements may
be read at the main studio and cues
for the sportscaster can be fed back
down the line. When this is the case,
one microphone input is all that is
needed. - But when a one-way line
is used, and this method of feeding
¢ues is not feasible, the sportscaster can
‘allow a prearranged time for the an-
nouncer at the studio to read the an-
nouncements or be assisted at the field

NOVEMBER, 1953




by an announcer. In the latter event,
two microphones are highly desirable,
and for that reason two inputs' were
provided. Controls were incorporated
for both inputs to accommodate an-
nouncers with widely divergent voice
strength. The output level control is
not absolutely necessary but it in-
creases the flexibility of the unit suf-
ficiently to warrant its usé .

Instead of an output meter, a meter
showing the degree of compression is
much more helpful in setting up the
gear. To reduce the setup time for each
broadcast, all controls were recessed
and the line terminals and power plug
were installed on the front. The pilot
light is so placed that—by simply slip-
ping out the.jewel—it provides light to
see the control settings and to read by
in poorly lighted loeations. The meter
is recessed 3” behind the panel for
protection during transportation be-
cause no cover is used. And, of course,
the power supply was built mto the
same case.

Almost any good quality amphﬁer
circuit could be used incorporating this
type of compression; a simple straight-
forward cireunit was selected. The main
design consideration was to provide 60
volts peak-to-peak of undistorted audio
at the input of the compressor, with
an average audio level at the micro-
phone. This corresponds to 20 db of
compression. It is desirable to have an

Rear view of unit with back cover plate removed to show dual chassis.

output of about + 15 dbm (1-mw., 600-
ohm reference) available from the
amplifier.

The finished equipment, shown sche-
matically in Fig. 2, has been in use for
several months, and has fulfilled all
expectations. Through the use of this
unit, it has been possible for an un-
assisted sportscaster to put out a better
regulated remote than an engineer-
sportscaster combination with the usual
remote amplifier, After connecting the
telephone line and power cable and
plugging ‘in the microphone, the man
setting up the equipment at the remote
location adjusts the microphone input

gain control so that the compression
meter needle swings to about 2 db of
compression (100 ga.) when he talks
into the microphone in his normal voice.
He then adjusts the output control to’
provide the level desired at the control
room. Thereafter, he can concentrate
entirely on the event to be broadcast.
It has been found that the 18-db ad-
ditional compression is ample for most
announcers even in their most exclted
deliveries.

As mentioned previously, any ampli-
fier that meets a few simple require-
ments can have this compressor built

(Continued on page 29)

Fig. 2. Circuit diagram and paris list for the complete remote broadcast amplifier.
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R1=—1800 ohm, 1 w. res.

Ra, Rs, Ruy=—22,000 ohm, I w. res.

R—1 mezohm. 1 w. res.

Ry—47,000 ohm, 1 w. res.

Rs, Ru, Rz, Ris, Riy Ruy Ris, Ris, R,
Rz, 70,000 ohm, 1 w. res.

Re—1000 ohm, % w. res. :

R1, Re, R:v—100,000 ohm, 1 w. res.

R, R:—15,000 ohm, % w. res.

R1+—33,000 ohm, ’;5 w. res.

Ru=—10,000 ohm, 1 w. res.

R4, Ro—470 okm, 1 w. res.

Py, P—50 ohm low-level variable T pad

Py—500 ohm variable T pad

Cr—350 pfd., 25 v. elec. alp-

Cr—.5 pfd., 600 v. cap.

Cs, Cio—16 pfd., 450 v. elec. cap

Ci Cie Cu-—!a{d' 450 v. elec. cﬂp.

50! ]
PLI
o8 [
1]
C:, C'.. C:, Cs Cwy Cu—.05 pfd.,- 600
Ca—-\ZO y.fd 50 v. elec. cap.
Ci—.04 pfd., 600 v. cap.
Ci—350 pfd., 50 v. elec. cap.
Cw—20 pfd., 450 v. elec. cap.
Cu, C1o—.005 pfd., 600 v. cap.
J1, J—3-way microphone jack
Jy—Phone jack
S50s—A.c. socket
Tr—Input trans., 100 ohms to grid
Tr—Interstage frm-. 20,000 ohms plate-

to-plate to grid
—Output trans., 10,000 ohms to 500 ohms

200007

Vi V2 V3 v4 V5 V6

T.—Pover trans., 575 v. c.t. @ 40 ma., 6.3
@ 3.0 amp.
M:—O -200 pamp. 3" meter
CH:, CH+—30 hy., 40 ma. choke
Sy=S.p.5.1. l‘og'!e switch
Fy=—2 amp., 3 AG fuse
PLy—S$-6 117 v. pilot light
TS—Output terminal strip
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ROBERT C. CHEEK, formerly assistant division sales man-
ager of the Electronics Division of Westinghouse Eleeiric
Corporation, has been promoted to the newly created post
of assistant manager of engineering. After joining West-
inghouse in 1939, Mr. Cheek acted as a consultant on power
system problems, and later, as a specialist on earrier and
microwave applications. In 1949, he was named “outstand-
ing young electrical engineer” by the ETA KAPPA NU.

THORNTON W. CHEW, for the past four years vice-
president in charge of engineering for Stations KFMB and
KFMB-TV in San Diego, has now joined the John Poole
Broadeasting Company, Hollywood, Calif., as director of
engineering and operations. He will supervise the construc-
tion and operation of Station KBIC-TV, Sacramento, and
Station KPIK-TV, Los Angeles, as well as a third yet un-
named television station to be built in Fresno, California.

\

G. MILTON EHLERS brings to his appointment as chief
research engineer of Aerovox Corporation, New Bedford,
Mass., over a quarter of a century of experience in the field of
electronic components. Holder of various patents for both
components and processes, Mr. Ehlers has served in such
positions as: director of research, Globar Corporation; chief
ceramic engineer, Centralab Division of Globe-Union, Inc.;
and—most recently—president, Herlec Corporation.

ELBERT W. MARLOWE, who has been with Union Switch
& Signal—division of Westinghouse Air Brake Co., Swiss-
vale, Pa., since 1945, has been appointed section engineer,
Air Traffic Control and Navigation. He served as super-
vising engineer, Research Section, during the past year. In
World War II, Mr. Marlowe worked as an electronic en-
gineer for both the Naval Ordnance Laboratory in Washing-
ton, D. C., and the University of California at Los Alames.

FRANK J. POWERS has been named head of the Industrial
Engineering Department of CBS-Columbia Inc., Long Island
City, N. Y., TV/radio receiver manufacturing subsidiary of
the Columbia Broadcasting System. Mr. Powers held a
similar post at the Burndy Engineering Company, and also
has held managerial posts with Federal Radio & Telephone
Corporation and the Sperry Gyroscope Company. He is a
graduate of Union College in electrical engineering.

JOHN A. RANKIN, the director of engineering of The
Magnavox Company, Fort Wayne, Ind., since 1951, has now
been elected vice-president as well. He is in charge of devel-
opment, design and engineering for the production of all
civilian and military equipment. Prior to joining Magnavox,
Mr. Rankin served as an executive engineer in the radio
and electronic industries; he held prominent positions. with
Belmont Radio Corporation and RCA Industries Labs.

RADIO-ELECTRONIC ENGINEERING

New Tubes

(Continued from page 24)
tors and dealers held in Chicago’s Opera
House in July, Mr. C. F. Adams, Jr.,
president of Raytheon Manufacturing
Company, deseribed a television “mem-
ory tube” that can store a complete tele-
vision program for two months or more.
The high frequency system by which
TV pictures can be shot across the
Atlantic Ocean permits the reception of
only a small portion of the total image
at a time; hence the information is put
into the “memory tube” at a relatively
slow. rate. However, when the tube has
been given a complete picture, it can be
played back over regular TV stations
within a few seconds.

TV PICTURE TUBES

Two cathode-ray tubes for television
—Type 24CP4 and Type 24CP4A, its
aluminized counterpart — have been
placed in production by The Rauland
Corporation. Both are rectangular,
glass, magnetic focus and magnetic de-
flection, direct-view picture tubes fea-
turing an electron gun which is used
with an external single-field ion trap
magnet and an external conductive
coating that acts as a filter capacitor
when grounded. For more information,
write The Rauland Corporation, 4245
North Knox Avenue, Chicago, Ill.

~~ D

Broadcast Amplifier
(Continued from page 15)

into it; but, obviously, the best results
will be obtained if the complete remote
gear is designed as a unit. For those
who would .like to duplicate the one
pictured, or design a similar type of
unit, here are some factors to be con-
sidered.

The first two stages (6J7 and 6SCT)
should be able to amplify  the full -
mierophone input—with a normal level
of speech—to 60 volts peak-to-peak at
the plates of the 6SC7 without dis-
tortion and with good linearity. As this
is the maximum signal level that ean

- be applied to the compression cireuit

without introducing distortion, it isn’t
necessary to have much surplus of dis-
tortionless gain in these stages. With
the parts values shown, an average of
8-db attenuation is required between
the microphone and the input trans-
former; this allows plenty of latitude
for use-by various announcers, and has
proved more than ample at Station
KWEL- The third stage is a push-pull
high-impedance cathode follower recti-
fier with series-limiting resistors in
the grids.

In this third stage, the capacitor
from the cathode of the first 6SL7TGT
to ground determines the compression
time and, to a certain extent, the re-
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lease time. Because the voltage from the
cathode is applied to the two grids of
the compressor tube (second 6SL7GT)
in parallel, it does not have to perform
any outstanding filtering job. A value
of from 10 pfd. to 20 ufd. will provide
reasonably fast compression and re-
covery. Higher values will produce a
correspondingly slower action. The de-
termining factor in choosing thig eapac-
itor is to make it as small as possible
without making the compression action
so fast that it becomes noticeable to
the listeners. The value shown is about
the optimum for speech. This type of
compressor works on the principle of
introducing a loss into the circuit which
increases as the input increases after
a given audio level is reached. In
theory, the minimum loss for the serv-
ice desired is 20 db and the maximum
loss is about 40 db. In practice, be-
cause of the type of rectification
. employed, another 5 db should be added
to these figures. Maximum output from
the transformer T. will then be 60
' volts minus 45. db, or a little less than
.5 volts, times the gain of the trans-
former. Nominal output impedance is
20,000 ohms. Two triodes in cascade
can bring this level up to about + 16
dbm using negative feedback. :
Because of the low plate current
drain of the tubes used, a power
supply with resistor-capacitor filtering
would no doubt work; but to be sure
no ripple will be ‘introduced from the
power supply, it incorporates two
chokes, with capacitor input. To sim-
plify construection, the ground lead was
a bus bar running the length of the
amplifier chassis, grounded to the chas-
sis only at the tie point nearest the
input transformer. Hum and noise is

of Coming Event

OCTOBER 26-28—IRE-RTMA Radio Fall
Meeting, Toronto, Ontario.

NOVEMBER 9-12—Conference on Ra-
dio Meteorology, University of Texas,
Austin, Texas.

NOVEMBER 13-14—Annual Electronics
Conference, Kansas City Section, IRE,
Hotel President, Kansas City, Mo

NOVEMBER 18-20 — Joint IRE-AIEE
Sixth Annual Conference on Electronic
Instrumentation in Medicine and Nucle-
onics, New York, N. Y.

DECEMBER 8-10—AIEE-IRE-ACM Joint
Computer Conference and Exhibition,
Statler Hotel, Washington, D. C.

FEBRUARY 4.8, 1954 — Sixth South-
western Conference and Electronics
Show, Tulsa, Okla.

MARCH 22-25, 1954—Radio Engineer-
ing Show and IRE National Conven-
tion, Kingsbridge Armory and Wal-
dorf-Astoria Hotel, New York, N. Y.
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Fig. 2. (A) Distortion at 0 and 10 db
compression. (B) Frequency response.

more than 60 db below the maximum
signal level.

It will be noted in Fig. 1 that there
are no variables other than the at-
tenuators, which are adjusted from
the front panel. All tubes were re-
placed individually by tubes of different
manufacturers with no noticeable
change in results. That there is no
variable resistor in the cathode circuit
of V: may surprise some who are
familiar with the NRCS-type com-
pressor. A potentiometer is generally
used here to set the zero compression
level, which is controlled in this circuit
by the resistor between the plates of
Vi If R is determined by formula, it
is done as follows:

R = 107 (Bz + Ru)
20

Then, if R.. and Ry are 470,000 ohms
each, the value of B will be 388,229
ohms, This value will provide an almost
flat output over the entire compression
range. As the other resistors have only
a 20% tolerance, a 33,000-ohm resistor
was used for R. R is the dominant
control over the circuit loss until the
plate voltage of V. drops, as a result
of compressor action, below 109 - of
the d.c. plate supply voltage. Resistor
R, in the cathode of V. determines the
rate of compression.

Not only has this remote equipment
been used for sportscasts, but also for
dance orchestra remotes with equal
success, allowing the announcer to
emcee the show without riding gain.
The distance the announcer is from
the microphone and the loudness of his
speech control the amount of compres-
sion and permit his voice to reduce
the over-all gain of the amplifier
(though the output is the same), effect-
ing the same result as would be ob-
tained by fading the music into the
background. When the announcer stops
talking, the amplifier gain returns to
maximum and the music rises to the
fore. Though Station KWEI has three
commercial standard remote amplifiers,
the one built by the engineering staff
is used whenever it is available, in
preference to the others.

DA

RADIO-ELECTRONIC ENGINEERING

158 West 99 Street, New York, N. Y.

PLANS

INTO
PLASTICS

PRECISION MACHINING
OF ALL THE PLASTICS

including
POLYSTYRENE COPOLYMER 1422
BUTYRATE TERON
NYLON KEL-F

PLASTIC FABRICATING

Printloid is equipped for the complete
production of a wide variety of con-
sumer and industrial items in ony
quantity,. We work with any pluﬁc
material in sheets, rods and tubes
Die-cutting, deep drawing, stcnnpl.ng
forming, finishing, and assembling in
our own plant.

PLASTIC PRINTING

LETTERPRESS . . . SILK SCREEN

HOT STAMPING
- for Containers, Displays, Dials,
Charts, Machined Parts, Etc.

Ask for brochure illustrating various
plastic products fabricated to specifi-
cation by Printloid.

PRINTLOID, INC.

95 Mercer St., N. Y. 12, N. Y.
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Basic circuit diagram of a new volume

. \ ' " Parts required to 1 &
build the single COMpressor using only one dual-triode

tube volume com-
pressor circuit. tube.

A deluxe model is also covered.

ing photographs describe and il-
lustrate several units incorpo-
rating a new volume compressing
circuit. This new unit requires only
two tubes and is capable of 20 db.
compression from 100 to 10,000 cycles

THIS article and the accompany-

with a change In output of =1 db.

over that range of input amplitudes
and Ifrequencies. The secret of its
operation lies in the fact that the tube
does not amplify, but instead is used
merely as a variable resistance which
1S controlled by the amplitude of the
input signal. This circuit, recently
developed by Northwest Radio Con-
sultant Service, permits constant out-
put from amplifiers or test equipment
where size, weight, or cost precludes
the use of the common tyvpes of com-
pressors.

Fig. 1A shows what is perhaps the
simplest method of volume compres-
sion, where the input signal is recti-

Fig. 1. (A) Circuit diagram of a sim-
ple method for obtaining volume com-
pression. (B) The equivalent circuit.

+Ep

SR, OUTPUT

INPUT [RECTIFIER

INPUT

1.7/\3‘ vi =" 1

6.3V. -

Ry, Ro—470,000 ohm, 15 w. res.

Rs, R.—220,000 ohms to 1 megohm (see text)
Rﬁ—251000 Ohm pOt.

Rs—15.000 ohm, 15 w=. res.

C., Cs, Co—.01 to .02 ufd., 400 ». cond. (see

fext ) |
 Co—10 pfd., 25 v. elec. cond.
Vi—6SL7 tube

Fig. 2. Circuit diagram of a single
dual-triode volume compressor unit.

filed and the developed d.c. voltage 1is
applied to the grid of V,. As the sig-
nal increases in amplitude, the posi-
tive voltage on the grid increases, re-
ducing the effective plate-cathode re-
sistance of V..
equivalent circuit of Fig. 1A. It can
be seen that if R, is large and is nearly
equal to R-: plus R;, and if the resist-
ance of V; 1s made to vary over a wide
range, the output signal can be held
constant with considerable changes 1In
input signal.

For linear compression it is neces-
sary that the effective resistance of
Vi must vary logarithmically with re-
spect to the applied signal voltage. In
order to accomplish this, many things
must be considered: First, the value
of R., the plate load resistor, and R.,
the plate supply impedance at the fre-

- quency being considered, must be such

tpat when combined with the plate re-
sistance of V,, the output will be re-
duced by the ratio of the increase in

® Chief Engineer, Northwest Radio Consultant
Service, Havre, Montana.

7 Chief Engineer, Radio Station KAVR.

Fig. 1B shows the

input amplitude. If the change in V;
resistance were linear, this could only
be accomplished for a small ratio of
change, perhaps 3 or 4 db. It is evi-
dent then, that the change in V. re-
sistance must approach the log of the
change in input signal if the circuit 1s
to compress to a constant output over
an input range of 15 or 20 db. This
could, of course, be accomplished by
using logarithmic rectification with the
necessity of further coniplicating the
circuit. |

By the use of high impedance cath-
ode detection, and the proper selection
of R¢ in Fig. 2, logarithmic change i1s
accomplished in the plate current of
Vi by the grid current drawn through

Ge

The complete theoretical design of
this circuit is beyond the scope of this
article, but for use at audio frequen-
cies, the ratings of the components can
be easily determined. C,, C; and C; can
be of the values usually used for cou-
pling condensers such as .01 or .02 pfd.
The other component parts are depend-
ent upon the type of tube used, so for
our design we will use a 6SL7GT.
With this tube, which has low plate
current, a plate load resistor of 270,-
000 to 680,000 ohms may be used. A
value of 470,000 ohms may then be
expected to give nearly optimum re-
results when used at R.. As noted
earlier in this article, R; should equal
R.. The actual values of R; and R
aren’'t as important as the fact that
they should be of equal value and be
somewhere between 220,000 ohms and
1 megohm each. The logarithmic net-
work (Cs;, R;, and Rs) can be calcu-
lated when the family of grid current

‘curves 1is available, the lowest ap-

plied frequency is known, and several
other factors are determined, but suf-
fice it to say that with a 6SL7GT tube,
Rs should be 15,000 ohms, R; about
20,000 ohms maximum, and C; about
10 ufd. The values indicated will pro-
duce a unit capable of 15 db. compres-
(Continued on page 110)



Pool. Mmiu's
TUBRE  Comp [em

@ oz ’S"'\‘.i'
Ton Ahempson—BdL.

(g et

foq-

cazz




is built
i 1-.:'
'Llh_‘l O
.
aTn
R
l o ']'l e *n

Cireait 13

SUB-MINIATURE AUDIO COMPRESSOR

Clreult 14

= Y
s g

OMPRESSOR LIMITER WITH VALVES

(high any rectified supply at abost 150
be taken from elther the amplifier or pre-amplliLer
be placed in clreuit between pre-a) ind mad
of the component values used in this

ression speed. The 25K
f::&nl compression as desired. -
ke

o sy L ”.-."- .
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Circuit 15 "

Many discotheques and even private audic enthusiasts will lke a simple
clr::‘zlt which can produce coloured lights which literally dance when
music is being played through an amplifier. The circull is T . |
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