A Simplified Control Unit

ROBERT G. CHAPLICK*

Believing it is not enough to propose simplicity in an audio system and then
leave it at that, this author follows his own advice and describes a preamplifier
unit designed in accordance with the principles presented some months ago

LTHOUGH MANY CIrRcUIT diagrams of
preamplifier control units designed
to be built by the user have been
published, none has shown agreement
with the philosophy of system simplicity
proposed by the author (“System Sim-
plicity in Audio,” Avpio, January, 1957).
The object of this paper is to present
further arguments on the advantages of
simplification as applied to a reproduc-
ing system. Chief advantages are reduec-
tion of distortion and improvement of
reliability. Reduction of the number of
parts and of easzaded controls which du-
plicate each other not only decreases the
distorlion hut, since reliability is in-
versely proportional to the number of
parts, improves the reliability,
The philosophy of simplification in-
cludes the assumption that the user will
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Fig. 1. Block diagrom of simplified control unit

not experiment with all types of input
equipment but will settle on the best
that he can afford. He will strongly re-

purchased at 12 noon is obsolete at 12:01
P.M. Quantitative and qualitative labora-
tory tests have shown that most of the

Md. sigt the hi-fi dogma that equipment ecurvent, better quality plonograph re-
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Fig., 2. Over-all schematic of the author's design for a control unit which is effactive in performance and simple and convenient
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producers are aboul equal in excellence.
The same is true for TAM tuners using
Armstrong eirenits and also for profes-
sional-quality tape recorder-reproducers.

The components to be controlled by
the anthor are a Pickering 370 cartridge,
a Harman-Kardon FM-100 tuner, and
an Ampex 601 tape recorder. The con-

reproducer has an output of 1.228 volts
(+4 dbm in 600 ohms) ; and the average
peak output of the tuner, with its gain
control fixed at its maximum position,
is 1 volt at 30 percent signal modula-
tion. A low-impedance output of 0.6
volts is required to drvive the 30-watf
power amplifier to half power (this
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trol unit is to have a minimum number
of controls and adjustments and a fixed
passive nelwork wherever equalization is
needed. In addition, the input signal
should be able to be monitored continu-
ously as a tape record is being made,

The phonograph cartridge has an out-
put of 25 millivolts for a stylus velocity
of U centimeters per second; the tape

allows 3 decibels for overdrive),

With the use of these design parame-
fers a simple cirenit was designed. A
block diagram and an over-all schematic
are presented in Figs. 1 and 2 respeec-
tively.

Conventional eirvenits are used ex-
clusively, so detailed explanations are
not necessary, but deseriplions of cer-
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tain portions are given in following
pavagraphs. To minimize the number of
tubes, amplification is hased realistically
on actual needs. The amplification factor
for design purposes is the difference be-
tween the average maximum voltage of
euch source and that needed to operate
the power amplifier.

Essentially, the eontrol unit is a two-
stage amplifier with twe eathode-follower
outputs. Signal sources are mixed by
means of resistive networks which assure
the proper levels. Because each source
has its own power supply, each input
signal is removed by cutting off the
power. Thus, a selector switeh is not
needed.

Dise Bqualization. Althongh five equal-
ization curves were formerly advocated,
the RIAA curve has proved to be ade-
guate for all long playing reecords,
whieh are unsed exelusively. An RC net-
work is used to obtain the equalization
eurve (Fig. 3). Values are first com-
puted. The ecircuit is then built and
corrected by component substitution in
conjunction with fregueney measnre-
ments to give desired equalization.

Hearing Contour Compensation

A “Hearing Contour Compensator”
is being used with great suceess in place
of separvate bass and treble controls,
Briefly, this Compensttor improves the
realism of reprodunection by compensating
for the difference in level hetween the
intensity of the sound of the live orches-
tra at the vecording session and that re-
produced at a necessarily lower level in
the living room. Tt compensates for the
variations in human hearing sensitivily
to sounds of different loudness. The
principle of the Compensator is based
on the study of the differences between
Fletcher-Munson eurves vather than on
the contour of any one enrve. The Com-
pensator is designed to perform in fixed
ealibrated steps of 0, —10, —20, — 30,
and —40 phons, where the figures indi-
cate the difference in phons between the
original and reproduced program levels,
The appropriate attenuation is designed
into the Compensator. For speeeh repro-
duction a switch is provided fo retain
the attenuation but to remove the com-
pensation. Musie egualization is com-
pletely wrong for speech reproduction
beeanse speech, to provide naturalness,
should be reproduced at about the same
level as the original source, and hearing
contonr compensation is not needed,
Figure 4 presents the response curves of
the Hearing Contonr Compensator.
When compared with the characteristics
of many commercial controls, these
eurves may seem to provide less empha-
sis to the middle low Erequencies. This,
however, is not the case. The Hearving
Contour Compensator does not depart
from the -characteristic indicaied as
needed by the Fleteher-Munson enrves.
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Correction for deficiencies in the lond-
speaker or any other component does
not enter into the design. The bass re-
sponse of the selected loudspeaker is nde-
quate. More vealistic sound is achieved
by elimination of any hooming juke box
effect.

Tape reproduction. In his program of
system simplicity the author uses omly
two types of fape: Seotech 111A and
190A, since the tape recorder equaliza-
tion is set for these tapes, Figure 5
shows the frequency response of the
Ampex 601 using these tapes. Although
the response using 111A tape is essenti-
ally flat, the 190A tape eanses a § db
vige nhove 1000 cps. A loss network,
added to the control unif so that 190A
tape will be reproduced with a flat ve-
sponse, is loeated at the “tape-I'M/
Phone” switch. This switeh is necessary
to prevent a feedback loop during tape
playback and to permit both wanted and
unwanted program material to be heard
s0 thal undesired sigmals (such as com-
mereials) ean be eliminated. Also, the
original souree for a tape record ean he
monitored by either headphones or loud-
speaker.

Gain Control. This control is actually
unnecessary. Acoustie shocks, however,
are avoided by fading in and out the
signal. The operating procedure is to
set the Hearing Contour Compensator
te the desired listening level. Then the
program is brought in hy turning the
gain control FULLY clockwise. Thus,
maximum use of the gain control is
realized by full rotation instead of that
portion produced by the 10 per eent
rotation commeon in most volume con-
trols.

Power Supply. The power supply is
extremely conventional. No trick cirenits
are necessary. An claborate power sup-
ply to produce direet current for the
filaments or the neecessity for biasing
the filaments “above gronnd” is unneces-
sary through the use of low-noise, non-
mierophonic tubes. The electrolytic eca-
pacitors are mounted on the phenolie
wafers supplied, and the holes punched
in the chassis are large enough so the
can will not be grounded. A ground loop
is thus eliminated, veducing the possi-
bility of hum pickup.

Monitoy Circewit. During recording the
input signal ean be mouitored continu-
ously by means of the loudspeaker. Iow-
ever, there are times when headphones
are preferred. An equalizing ecirenit de-
signed exelnsively for the Brugsh BA-206
headphones is inc¢luded. This cirenit pro-
vides a fixed Hearing Contour Com-
pensator and makes the sound from the
headphones as mneh like the sound from
the loudspeakey as possible,

Conatruction. The location af the vari-
ous small assemblies is slightly uncon-
ventional for home equipment but stand-
ard for rack-mounted equipment. The
tubes, electrolytic capacitors, and so on,
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Fig. 6. Fronl view
of control unit.

are mounted on the vear of the chassis,
andl the eontrols are on the front panel.
This design permits mounting the eon-
trol unit with either a horizontal or
vertical front panel.

Figures 6 and 7 show the front and
rear viewg of the assembled unit, ''he
unit with the front panel opened is
shown in Fig. 8.

The layout for drilling and punching
the chassis is shown in IFig. 9. The
dimensions should be followed closcly
in order to prevent the small assemblies

Fig. 7. Rear view
of control unit.
Tubes with shields
from right to left
are V,, V,, and
V,. Tube in upper
left corner is 6X4.

techniques are employed. All parts are
mounted on the Veector socket turrets,
the electrolylic capacitors, or on switehes.
Thus, any small assembly can be replaced
easily and without disturbing any other
agsembly.

The hest method for assembly is as
follows. All parts are mounted and
soldered onfo the Vector socket turrets.
All resistors and capacitors should be
cheeked to ascertain that the resistors ave
not open and that the capacitors have a
high resistance. After the turrets are

from shifting and interfering wich each
other.

Some remarks about the parts arve
neeessary. Adherence to the sugzgested
list is nurged beeause all the parts are
chosen from the standpoint of size, toler-
anees, and proved reliability.

Parts with lavger toleranees may be
neeessary for tailoring equalizer eirveunits
exactly; for other uses they are permis-
sible, but many measurements and con-
siderable substitution of parts eould be
neeessary to achieve desired results. The
parts list also reflects the experience
aequired during the actual construetion.

The design of the wiring is shown in
Fig. 10 and should be followed closely.
The individual parts are loeated for
minimum  hum,  Standard  telephonie

Fig. 8. Control unit
with frent panel

opzn. On panel
from left to right
are headphone
jack, tape/FM/

phono switch, gain
control, music
voice switch, hear-
ing contour com-
pensatar, and pilot
light. Vector turrets
frem left to right
are V,, V,, and V.
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ingide the chassis, substitution of parts
1 not partienlavly eagy. Wires do not
have to be wrapped around the terminals
before soldering. Fven the U. 8. Navy
has aceepted finally the fact that solder
has sufficient strength to support parts.
After the turrct asscmblics are eomplete,
they are mounted on top (yes, on top)
of the chassis. Now the Veetor socket
turrets arve completely wired. This top
of chassis technigue, which provides
plenty of working room, offers the great-
est aceessibility and ease of wiring. Al-
though these turrets arve handy little
gndgets, onee they are loaded with parts
and mounted within a chassis soldering
at the tube terminals is very diffienlt.

Twisted pairs of color eoded wires are
used profusely, The color code removes




the necessity for locating the end of a
particular wire with an ohmmeter. A
pair of wires ghould not he twisted by
grabbing one end and twisting the other.
The proper method is childishly simple.
Two picces of wire are cut to the desived
length, One ¢nd of each is elnmped to-
gether in a vige, A wire is grasped iu
each hand eclose to the vise. Then each
wire is twisted elockwise with the fingers.
At the same time the wrists are moved
about each other counterclockwize. This
aclion is repeated until the pair are
twisted together, The twisted pair will
he neat, tight and symmetrical, Deserib-
ing the action ig far more awkward than
doing it.

The twisted paivs that go to switehes
should he soldered at the Vector socket
only. The filament, plate and ground
leads ave laced at this time. The wired
sockets are removed from the top of the
chassis and relocated inside after all
soldered joints huve heen inspected,
After the remainder of the parts ave
mounted on top of the chassig, the power
supply cireuits are wired completely and
laced into a cable,

Switehes are assembled next. Tor re-
liahility all active contacts arve wired in
parallel. Most of the vesistors and ca-
pacitors vequire their leads to be very

short. Extreme eaution should be nsed
in soldering so that the parts will not
be overheated. An angle bracket (#ig.
9) is used to mount ¢, and €, on §,.
Switeh &, and its braeket are mounted to
the frout panel and these eapacitors are
holted to the inside of the bracket. Resis-
tors Ry, and R,,; then complete the eom-
pensalor eirenit. The controls, monitor
jack, and pilot light are mounted on the
front panel. Onee the twisted pairs of
wires have been eut to length, the wiring
can be eompleted. Lace as indicated. Those
pairs of wires conneeting the controls
to the remainder of the civenit should be
long enongh so that the front panel ean
be opened at least 90 deg, without strain-
ing the wires,

Each soldered joint should be rein-
spected. The flament and plate leads
are checked for “shorts” to ground, If
the unit passes a mechanical and electri-
cal inspection, the front panel can be
ingtalled, the tubes and shields inserted,
and the control unit is complete,

Construetion of this amplifier was not
without its problems, The proximity of
the Heaving Contonr Compensator to the
power supply resulted in hum cansed hy
electrostatic coupling. The electrostatic
coupling ean be removed by shielding
which, in turn, ean be accomplished by

two methods, 'irst and the more difficult
of the two, the compensator switch ean
he campletely enelosed in a metal box.
In this ease the switeh recommended is
Centralab PA-2002. Second and easiest,
a shield can he mounted on the back of
the switeh, in which ease Centralab
switeh PA-2010 should be used. This
switeh has two sections each having two
poles and 2 fo 6 positions. The rear see-
tion shonld be removed, and an infer-
section shield (Centralab eatalog P-320)
should be substituted. Althoungh it is not
shown in the photographs, the author
employs the first method.

Obgervant readers will notice some
diserepancies between the parts list and
the parts visible in the photographs. The
power transformer shown 'was employed
beeause it was available. Unfortunately,
male chassis conneetors in the Amphencl
type 80 series are no longer available,
Anyone who wishes fo duplieate this
unit will have to employ short cables
with male conneetors (J, and J;) for
the outputs.

Results

The first model of the control unit did
not have input transformer T, However,
the noise level and gain of the first
stage was unsatisfactory. The perform-
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Chassis laysut. Screw-hole diameters for mounting of parts are left to discretion of builder. Al right is shown bracket
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ance was improved by the addition of
input transformer 7', (Chicago Trans-
former WI-28) in conjunction with
shield SH, (United Transformer shield
A-33). The transformer is mounted be-
tween ¥V, and 7, with the name plate
towards V,. Then the shield is bolted to
the transformer, During these tests con-
siderghle variation of hum pickup and
mierophonies was discovered in the
EX-86. Therefore, three or four BF-86’s
should be purchased, and the one least
sbjecet to hum pickup and microphonies
should be used for 7,

The results of the construction of this
control unit have more than eompensated
for the expense and time. The dise equal-
ization is known to be within £2 dbh of
the standard curve, A more cxact enrve
ean be obtained by changing values of
R,, R;, €y and €, However, the time
involved to gef an exnet curve is not
justifiable, Background noise iz ex-
tremely low, With either M tuner or
dise input the noise is — 61.8 db below
the 0.6-volt output, With tape input the
noise is even lower: —91.7 db below the
0.6-volt output. Compensation iz pro-

vided for the differences hetween 1114
and 190A tape. The Hearing Contour
Compensation is the heart of the unit
and audio system. Greater realism i
achieved sinee the design is on a more
scientific basis than that which depends
upon the manipulation of hass and treble
controls, The monitor cirenit has another
advantage besides being an aid in elimi-
nating commercials, If one wishes to
listen late at night withont disturbing
anyone, the power amplifier ean he
turned off and headphones used exclu-

(Continued on page 50)
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Fig. 10. Complete wiring diagram of contral unit.
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GIBSON GIRL® ...

TAPE SPLICERS

six Models from 1.75 to 55.00

ROBINS GIBSON GIRL tape splicers *
a.ssure you of PROFESSIONAL SPLIGES
IN SECONDS! They are the accepled
standard of the professional and indus-
trial users of recording tape because
of thelr ease and reliability of
operation and high standards of work-
manship. The only splicers which cut
and trim the splicing tepe and lape
edges with an indented trim cut,
making THE SPLICE WITH THE
GIBSON GIRL SHAPE.

AT DEALERS EVERYWHERE

Write for FREE Catalog of ROBINS'
phono and Tape Accessories

INDUSTRIES CORP.

FLUSHING 54 NEW YORK

Circle 86A

A SUPERIOR TAPE FOR
BEGINNERS, EXPERTS, PROFESSIONALS

WIDE LATITUDE RECORDING TAPES
IN THE PERMANENT PLASTIC CASE

Completely distortion free, regardless
of input level; lowest noise recordings;
matchless reproduction on any make
recorder; lifetime lubrication eliminates
squeal, adhesion, head deposits; longer
lasting; highly resistant to abrasion,
print through and cupping.

FREE TAPE-TIME RULER

(tells at a glance,
time and tape left
on reel)—write to:
Al110

NAMLCE CORPORATION
LODI, NEW JERSEY

Circle B&6B

CONTROL UNIT

(from page 21)
sively. A great improvement in relia-
bility was realized hy a 50 per cent
saving in parts when compared fo the
control unit formerly used.

Parrs Tasy

( All resistors V& watt 5%, unless otherwise
indicated)

C, C; 20-20/450, electrolytic
C, 01 pf, mica
(R 0025 uf, miea
Cy C, 100 pf, 6v,, electrolytic
Cq 0.5 pf, 600 v., paper
c, 0.2 pf, 600 v., paper
C, 600 pyf, miea
Ci, Ciy 05 pf, 600 v., paper
w Co 4 uf, 250 v,, eleetrolytic

Cyy D06 uf, mica

Cu, GN 50 ul\l.f, mica

Cyy Cys 01 uf, 600 v., mica (Sangamo
type H)

r, Fusé extractor post (Littelfuse
424008)

I % amp, fuse (Littelfuse BAG)

Jy oy Js Amphenol 80-PCZTF connector

Jy, Amphenol 80-P-MC2M connector

Ja Phone jack (Mallory SC-1A)

PL, Pilot light socket (Dialco
05408)

By By 4700 ohms, 2-watt, 10%

B, 12,000 ohms, 2-watt, 10%

R, 0.27 moghonis

R, 30,000 ohms

Ry 2 megohms, 10%

z, 1000 ohms, 10%

B, 0.1 megohms, 10%

R, 0.39 megohms, 109
R, 0,24 megohms

R, 0.86 megohma

R, 0,15 megohms

B 1200 ohms, 109

47,000 ohms, 10%

75,000 ohms

24,000 ohms

0.51 meghoms

0.66 meghoms

0.16 megohms

9100 ohms

G500 ohms (use two 300-0hm
resistors in parallel)

12,000 ohms

3100 ohms

1.0 megohm, 10%

—CLASSIFIED—

Rates: 10¢ per word per Insecllon for mencommarelal
advertliaments; 25¢ per word for commercial adver-
tissmenls. Rates ars net, and ne discounts will be
allowed. Copy must be accompanied by remitiance In
full, and mast reach the Mew York office by the
firs! of the menth preceding the date of lwwue.

47,000 ohms, l-watt, 109

820 ohwis, 10%

62,000 ohms

0.39 megohms

(.5 mepgohm potentiometer

Z-gang, 2-pole rotary switeh
(Centralab PA-2005) |

l-gnng, 2.pole rotary switeh
(see text)

SH, UTC transformer shield, A-33

7, Power transformer: 500 v. CT
at 20 ma; 6,3 v. at 2 g,
(Trind R-3A)

7, Input transformer—Chicago
NT-28

iy 7, EFS86 tubes

Vs 12AUTA or BECCB2 tube

Fy GX4 tube

Miseellanaous

Vector Socket turret 8-N-97T
Vector furret 5-12

Vector socket saddle nuts 4400
Vector socket serews, 5S4
DPDT toggle switeh

NE-51 neon bulb

7-pin miniature socket

noval tube shields, 11} in.
miniature tube shield, 234 in.
chassis, steel, 5x 13% x 2% in.
bottom plate, steel, 5 x 1314 in.

et 0 bl et O O
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THE AUDIO EXCHANGE has the Iargest
selection of mew and fully guaranteed used
equipment. Catnlog of used equipment on
request. Audio Exchange, Dept. AE, 158-14
Hillside Ave., Jamaica 32, N. Y., AXtel 7-T577 ;
Mamareneck Ave, White Plalns, N.Y.,
WH 8-33850; 586G Flatbush Ave., Brooklyn,
N.X., BUckminster 2-5300. e

HIGH FIDELITY SPEAKERS REPAIRED

Amprile Speaker Service, -
70 Vesey St., New York 7, N.Y. BA 72380

LOOKING FOR CLEAN RESPONSE TO
20 CYCLES? Listen to the radically mnew
Racon “HI-C" 137 foam-suspension speaker,
Racon Electric Company, Ine, 1261 Broad-
way, New York 1, N.Y.

ENJOY PLEASANT SURPRISES?
write ns before you purchase any hi-fi. You'll
bhe glad you did. Unusnal savings. Key Elec
tronics, 120 Liberty St, New York 6§, N.Y.
EVergreen 4-6071,

WRITE for confidentinl money saving prices
ou your Hi-Fidelity amplifiers, tebers, speak-
ers, tupe recorders. Individual quotations
only ; cutalogs. Classifed Hi-Fi Exchonge,
A R, 2875 Kast 65 St., Brooklyn 34, N.X,

Trapy for new-used AMPEXN's, Grove Eu-
terprises, Hoslyn, Pa. TUrner 7-1277.

HI.FI HAVEXN—New Jerseéy's leading
sotnd center. Write for information on unigue
mail order plan that oWers professional ad-
vice angd low peices, “Awarded Institute of
High Fidelity Manoficturers Placque ax
Regiztered Component Dealer,” 28 Easton
Ave, New Briunswick, New Jersey,

FOR BALE: Model TWD Conecertone 20/20
tape recorder deck, and "TWA preamp. Also
Hartley-Lath 220 T A" speiker. Ken-
neth XK. Gould, 509 Vine St, Liverpool, N.Y.

SCOTT 210-C Dynnural amplifler; with
case. 1st class condition. Last one; only $95.
B. K. Balch, 611 Livingston Rd., Linden, N.J.

FOR SALE: Presto K dise recorder and

Then

P.A. unit. 331 & 78 rpm., Takes 13%."
mugtery, Microgroove feed screw avallalie.

Webster 80 wive recorder, latest head, Box 3,
New Bricain, Conn.

NEW, wired, tested, Dynakits, Mark }MI's
£§6.00; Muark II's $70.00, F.0.B, Stuar
gﬂ‘hli. 3 Grandview Avenue, Penbody, Muass,

FOR SALE: Presto 900-R2 tape wmecha-
nism and custom-built recorder power sup-
ply, $250. Deinlls on reguest. Waller Creedd,
1z Atwood Road, Phila. 31, Pa.

FOR SALE: Y-AM Model 50 sraggered-
stncked, stereo tepe recorder. Will ship o
arlginal factory carton. $215, Walter Zelayu,
140 Amanda 51, Clyde, Ohlo.

WANTED: RCA T3-B or similar disc re-
corder with stationary overhead luthe mecha-
nism, State condition and price. Sgar Record-
ing Co,, 1615 London Rd., Daluth LI, Minn.

FOlL SALE ; Flsher 80-R AM/FM tuner,
Heuth WAP2 preamp. MeIntosh 20W2 Ampli-
fier, Bxeallent conditian. Best offer over $155.
. Kitheich, 1722 California Ave,, Senttle 16,
Wash. "

PERMGFLUX : Only tros hi-f headpliones ;
Binaural 235, Monsural $33, Postpaid, Yoran,
8452 N. Hackert Ave,, Milwaukes, Wis,

AMPEX 350, rull-track, T%~15 Ips, either

console or portable casges. Excellent condi-
tion, less than 100 hours., §795. R. J.
Entringer, 2211 Camino Del Reposo, La

Jalla, Cal. E

WANTED: GE 51201D spenker, will pay
£12, Bugene Roy, 5 Hillslde 3r., Flaverhill,
Masgs.

1. 8 GOV'T surslus Grade 1, Class A awdia
transformers, + L3 db to 20,000 eyeles, Pri-
mary 7300 olims, I3 ma d.c. Secondary 600
ohms splif, 2 ma d.c. max. Size 2% 1% <15
in. Only $1.00 each. Add 23<¢ ea. Lor postagze
angwhere in the U.S.A. Transice, Box 269,
Bronxville, N.Y.

TOR SAL : Hewlett-Packard VIVM 4000
%135 : Andio oseillator 200CD $590. Excellent
condition. Fairchild 201-B t(urret transerip-
tion arm £25. A. C. Smrha, 12 Mountainview
Dr., Westfield, X.1.

WANTED : Used RCA RT-3 tape recorder.
Also Scully lathe. R, H. Holzclaw, 2012 E.
Mabel, Tucson, Ariz.
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