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Quad...Before you buy
demand these answers.

If you've been reading the ads on
quadraphonic, you're probably aware
that most manufacturers claim ‘total
capability’ for their receivers. How-
ever, lotal capability means different
things to each manufacturer.

How, then, you may ask, can you
be certain you're actually getting
total quadraphonic capability
Simple. Before you buy demand these
answers.

1. Does this quad receiver have
built-in circuitry to play CD-4 discrete
records from Warner, Atlantic, Elektra
and RCA?

2. Does this quad receiver play
Calumbia, Capitol, Epic and Vanguard
SQ matrix four-channel records?

3. Does this quad receiver play the
RM matrix records of A&M and Ode?

4. Does this quad receiver play
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two-channel stereo records, tapes
and FM flawlessly, with boosted
power from its quadraphonic limits?
if the answer you receive isn’t a
resounding “‘yes” to all these
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questions — then you're not talking
to a Pioneer dealer.

Pioneer is the only full line of
quadraphonic receivers that repro-
duces every four-channel program
source (CD-4, SQ, RM, discrete) and
every record label — without adaptors,
add-on decoders or demodulators.

QX-949 — $749.95; QX-747 —
$649.95; QX-646 — $499.95. Prices
include walnut cabinets.

U.S. Pioneer Electronics Corp.,
75 Oxford Drive,

Moonachieg, New Jersey 07074
West: 13300 S. Estrella, Los Angeles
90248 / Midwest: 1500 Greenleaf,
Elk Grove Village, lll. 60007 /
Canada: S. H. Parker Co.
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when you want something better




i
' VOLUME 1

Editor,
Eugene Pitts {li

Publisher,
Jay L. Butler

Copyright 1974

North Amarican Publishing Company
134 N. 13th Street,

Philadelphia, Pa. 19107

CONTENTS

Product Diieclory

)\mplifie;s—Basic and Integrated

Preamplifiers

Tuners

Receivers

Amplifiers Q’s and A's
Amplifiers—Requirements and Specifications
Buying Watts and Other Things

intermodulation Distortion

What's Watts

Trials and Tribulations of the Novice Kit Builder
Equalization of Sound Reinforcement Systems
Equalization in the Home

Why You Should Buy Four-Channel Now

New Specs for the New Tuners
How to Evaluate FM Stereo Tuner Performance

The Evolution of Four-Channel Equipment

Manual Turntables and Tonearms

Phono Cariridges

Speakers

Automatic or Manual Turntables Which One to Buy?
Automatic Turntables

Trackability

The Loudspeaker as A Spherical Sound Source

Omnidirectional Radiation

Quadraphony Needs Directional Loudspeakers

In All Direction

Electrostatic Loudspeakers

The How’s, Where’s and Why’s of Testing High Quality
Loudspeakers

Activating Your Loudspeaker Crossover

Loudspeaker Design

The Why and How of Horn Loudspeakers

The Loudspeaker/Livingroom System

What Price Loudspeaker Response Curves

Care of Records

Open-Reel Tape Recorders

Choosing a Tape Recorder

The Killer Thing

The Changing Face of Open-Reel
The Tape Guide

Tape Survey

A Short History of Recorders

Cassette and Cartridge Recorders

Headphones

Microphones

Build Your Own Tape Eraser
Dolby B-Type Noise Reduction System
Noise Reduction Techniques
Tape Recorder Maintenance

Dynamic and Electrostatic Headphones
The “Open-Aire” Principle in High Fidelity Headphones

The Case for the Condenser Microphone
Microphones—Quo Vadis?

14
15
22
25
29
32
35
40

44
45

47
49
52

57
71
74
78
80

84
88

94
112
114
115
119
122

124
132
134
138
147
150
155

167
161
163
166
168
174
179

180
186
187
193
197

201
206
211

214
218
221



— A=

THE WORLD'S FINEST
STEREQO COMPONENTS?

We and thousands of other component con-
noisseurs think so. From long hairs to long hairs
(Bach to Rock), the choice of SAE components
for home music systems or professional appli-
cations is unanimous. Being the leader
in state-of-the-art components for the last
eight years did not happen by chance. Only

by combining the most advanced engineering
principles with the finest electronic parts
available were SAE components able to reach

the highest level of esteem within our indus-

try. Join our convinced customers — see SAE
components at fine high fidelity shops through-
out the world.

THE SYSTEM

MARK 1B  Preamplifier Equalizer

Features Seven band equalizer, stepped volume control, 3-way tape
copy, 5-position gain switch, -80 dB phono s/n ratio

MARK VI FM Digital Tuner
Features Digital readout display, 3" rectangular oscilloscope, 14
pole filter tmiter, touch sensitive automatic scope

MARKIIICM Power Amplifier

Features 12 Darlington transistors in series output, 400 watts RMS
stereo, amplifier and loudspeaker relay protectior cuit
full complementary output stage, UNI-SINK heat dissipa
tion system. direct power reading meters

MARK XIV  Electrostatic Transducer

Features' Six electrostatic elements, massive woofer
protection circuit, unique design, built

electronic
N crossover

= A=
gmﬂmﬂ ﬁ@ be Comnetidens

Mail coupon today for free detailed information on SAE components

SAE, Inc., Dep’t. A273
P.O. Box 60271 Terminal Annex
Los Angeles, Calif. 90060

Please send Free Product Information on SAE Com:-
ponents.

NAME
ADDRESS

CITY






PRODUGT PREVIEW DIREGTORY

VERY YEAR since 1958 AuDIo has presented a Product
Preview Directory, giving specifications and photos for
as many high fidelity products as is possible with the
space allotted. In 1965, the tabular presentation was adopted
in order to facilitate comparisons of the various figures. It
should be noted that these figures are manufacturer’s speci-
fications, rather than the results of our tests, since it is im-
possible to test the more than 1000 products listed in such a
short time span. However, it has been our experience that
performance is generally as specified, though methods of
test and measurement do differ from maker to maker.
For purposes of clarity, letter codes are employed in some
sections, usually to show the speeds at which a unit will

operate. Other uses of letter codes are (B) for basic amp with
the model number; (K) with a price for kit, and (D) for
Dolbyized with a recorder’s price. In addition, we have tried
to note under the model number when a unit is four channel,
listing the type of system used in the Special Features column.

Amplifier power ratings are again listed in rms or con-
tinuous watts, at 8 ohms, both channels driven—or in the case
of quadraphonic amps, with all channels driven.

For more information on any product, or on any product
which is not listed because of our space limitations, the
reader is invited to write to the manufacturer at the address
listed below.

Directory of Manufacturers

Ace Audio Co.
25 Aberdeen Dr.
Huatington, NY 11743

Acoustic Research, Inc.
24 Thorndike St.
Cambridge. MA 02141

Acoustical Mfg. Co.

Huntingdon. England PEIS7DB

Advent Corp.
195 Albany St.
Cambridge, MA 02139

Akai America Ltd.
2139 E. DelAmo Bivd.
Compton, CA 90220

Allied-Radio Shack
2617 West Tth St
Ft. Worth, TX 76107

Altec
1515 Manchester St.
Anaheim, CA 92803

Ampro Corp.
2220 Maplewood
Willow Grove. PA 19090

Astatic Corp.
Conneaut, OH 44030

Astrocom
Oneonta, NY 13820

Audio Devices. Inc.
100 Research Dr.
Glenbrook. CT 06906

Audio Dynamics Corp.
Pickett District Rd
New Milford. CT 06776

Audio Research
2843 26th Ave. S.
Minneapolis, MN 55406

Audio-technica. U.S., Inc.
1655 W. Market St
Fairlawn, OH 44313

Audioanalyst, Inc.

P.O. Box 262
Brookfield, CT 06804

6

Audionics
8600 N.E. Sandy Blvd.
Portland. OR 97220

Audioson-Kirksaeter
60 E. 42nd St
New York, NY 10016

Avid Corp.
10 Tripps Lane
E. Providence, RI

B&O of America
2271 Devon Ave.
Elk Grove Village. IL 60007

BGW Systems
P.O. Box 3742
Beverly Hills. CA 90212

BSR (USA) Lad.
Rte. 303
Blauvelt, NY 10913

Benjamin Electronics
40 Smith St.
Farmingdale. NY 11735

Bose Corp.
Framingham Ind. Park
Framingham. MA 01760

R.T. Bozak Mfg. Co.
Box 1166
Darien. CT 06821

British Industries Co. (BIC)
Westbury, NY 11591

CCA Electronics Corp.
716 Jersey Ave.
Gloucester, NJ 08030

Cerwin-Vega
6945 Tujunga Ave
N. Hollywood. CA 91605

David Clark Co.. Inc.
360 Franklin St.
Worcester, MA 01604

Creative Environments
85 Hoffman Ln. S
Happauge. NY 11787

Crisman Speaker Co.
835 Walnut
Boulder, CO 80302

Crown International Empire Scientific Corp.
Box 1000 1055 Stewart Ave
Elkhart, IN 46517 Garden City. NY 11530

Dathar Acoustics, Inc.
145 N. Franklin Tnpk Epicure Products
Ramsey. NJ 07446 I Charles St

Dayton-Wright Newburyport, MA 01950

P.O. Box 419

Thorahill. Ontario. Canada Equasound

3330 S. Scpulveda Blvd.

Design Acoustics Rs[lnecles JEAL0038

P.O. Box 2722

Palos Verdes. CA 90274 Ercona Corp.

2121 Bellmore Ave

Dokorder. Inc. Bellmore, NY 11710

11264 Playa Ct.

Culver City. CA 90230 N st ries

900 Passaic Ave
3 2
Dual (see United Audio) E. Newark. NJ 07029
DuKane Corp. Ferrograph (see Elpa)
Commercial Sound Div

St. Charles. IL 60174 Fisher Radio Com.

11-40 45th Rd

Dynaco, Inc. Long Island City. NY 11101

3060 Jefferson Si. Frazier
Philadelphia, PA 19121 1930 Valley View Lane
Dallas. Texas 75234
Eastman Sound Mfg. Co.
Harmony Rd. Garrard (see British Ind.)
Mickleton, NJ 08056
Glenhurn Co.
787 Susquehanna Ave
Franklin Lakes. NJ 07417

Flac (see Benjamin)

Electro Music
Bin 30, Arrovo Annex
Pasadena. CA 91109

Gracom Industries

140-11A Cherry Ave

Flushing. NY 11355
Electro-Voice, Inc.

600 Cecil St Grommes Div. Precision Electronics

Buchanan. MI 49107 9101 King St.

Franklin Park, [L 60131

Electronic Ind.

7516 42nd St. N

Minneapolis, MN 55427

HME (see Hilly

Hammond (see Microsound)
Electrostatic Sound Systems (ESS)
9613 Oates Dr. Harman-Kardon, Inc.
Sacramento, CA 95827 55 Ames Ct
Plainview, NY 11803
Elite Electronics
195 Central Ave Hartley Products
Farmingdale, NY 11735 Box 68A
Hohokus, NY 10423
Flpa Marketing
Thornes & Atlantic Aves. Heath Co.
New Hvde Park. NY 11040 Benton Harbor, M1 49022



Hegeman Laboratories
176 Linden Ave.
Glen Ridge, NJ 07028

Hervic Electronics
1508 Cotner Ave.
Los Angles, CA 90025

Hilt Speaker Co.
P.O. Box 457
Lawrenco, KS 66044

Hitachi Sales
48-50 34th St.
Long Island City, NY 11101

IMF Products
7616 City Line Ave.
Philadelphia. PA 19151

1mpro Industries
120 Hantford Ave.
Mt. Vernon. NY 10553

Infinity Systems
9001 Fulbright Ave.
Chatsworth, Ca 91311

Innermedia Electronics
4503 E. Railroad Ave,
Sacramento, CA 95826

Integral Systems
463 Salem St.
N. Wilmington, MA 01887

JBL
3249 Casitas Ave.
Los Angles, CA 9003%

JVC America
50-35 Queens Midtown Expy.
Maspeth. NY 11378

JansZen (see Electronic 1nd.)

Jensen Sound Labs
4310 Trans World Rd.
Schiller Park. IL 60176

KLH Research & Development
30 Cross St.
Cambridge. MA 0213%

Kenwood Electronics
15777 S. Broadway
Gardena, CA 90248

Klipsch & Associates
P.O. Box 280
Hope. AR 71801

Koss Electronics
P.O. Box 2320
Milwaukee. WI 53212

LWE, Div. Acoustron
7525 Wynlea
Houston, TX 77017

Lafayette
B 1 Jericho Tpke
Syosset, NY 11791

H.J. Leak (see Erocona)

Linear Devices
148 French St.
New Brunswick, NJ 08901

Linear Design Labs
114 Wilkins Ave.
Port Chester. NY 10573

Loudspeaker Design Corp.
2704 Garfield Ave.
Sitver Spring. MD 20910

3M Company
2501 Hudson Rd.
St. Paul. MN 55119

Magnavox Corp.
345 Park Ave.
New York, NY 10022

Magnum Opus
220 W. 19th St.
New York. NY 10011

Marantz Co.
8150 Vineland
Sun Valley, CA 91352

Martin (see Eastman)

Maximus Sound
809 Stewart Ave.
Garden City. NY 11530

Microsound Co.
Box 4591
Colorado Springs, CO 80909

Miracord (see Benjamin)

Mura Corp.
50 S. Service Rd.
Jericho, NY 11753

Nagra Magnetic Recorders
19 W 44th St
New York, NY 10036

Nakamichi Research
220 Westbury Ave.
Carle Place. NY 11514

North American Philips
100 E. 42nd St.
New York, NY 10010

Ohm Acoustics
133 Emerson Place
Brooklyn, NY 11205

Olson Electronics
260 Forge St.
Akron, OH 44308

Onkyo
25-19 43rd Ave.
Long Island City. NY 11101

PE (see Impro)

PML (see Ercona or .fervic)

P&M Electronics
519 S. Austin
Seattle, WA 98108

Pacific Electronics
6601 Bay St.
Emeryville. CA 94608

Panasonic (see Technics)

Paoli Hi-Fi
P.O. Box 876
Paoli, PA 19301

Phase Linear
405 Howell Way
Edmond. WA 98177

Pickering & Co.
Sunnyside Blvd.
Plainview. NY 11803

Pilot
66 Fieldpoint Rd.
Greenwich. CT 06830

U.S. Pioneer Elcctronics
178 Commerce St.
Carlstadt, NJ 07072

QRK (see Ercona)
Quadraflex (see Pacific)

Quintessence
1626 N. “C" St.
Sacramento. CA 95814

RTR Industries
8116 Deering Ave.
Canoga Park. CA 91304

Rabco
55 Ames Ct.
Plainview. NY 11803

Radio Shack (see Allied-Radio Shack)

Rectilinear Research
107 Bruckner Blvd.
Bronx, NY 10454

Revox Corp.
155 Michael Dr.
Syosset. NY 11791

Rogersound Labs
6319 Van Nuys Blvd.
Van Nuys. CA 91401

Rotel of America
2642 Central Park Ave.
Yonkers, NY 10710

Sansui Electronics
55-11 Queens Blvd.
Woodside, NY 11377

Sanyo Electric
1200 W. Walnut St.
Compton. CA 90220

Schober Organ Corp.
43 W. 61st St.
New York. NY 10023

Scientific Audio Electronics (SAE)
P.0. Box 60271, Terminal Annex
Los Angeles. CA 90060

Scintrex Audio
Ambherst Ind. Park
Tonawanda, NY 14150

Sennheiser Electronics
10 W. 37th St.
New York. NY 10018

Sherwood Electronic Labs
4300 N. California
Chicago. 1L 60618

Shure Brothers
222 Hartrey Ave.
Evanston, IL 60204

Sony Corp. of America
47-47 Van Dam St.
Long Island City, NY 11101

Soundcraftsmen
1310 E. Wakeham
Santa Ana. CA 92705

Southwest Technical Products
219 W. Rhapsody
San Antonio, TX 78216

Stanton Magnetics
Terminal Dr.
Plainview, NY 11803

Superex Flectronics
151 Ludlow St.
Yonkers. NY 10705

Superscope, Inc.
8150 Vineland Ave.
Sun Valley, CA 91352

Sylvania
700 Ellicott St.
Batavia. NY 14020

Tandberg of America
8 Third Ave., Box 171
Pelham, NY 10803

Tannoy (America) Inc.
1756 Ocean Ave.
Bohemia, NY (1716

Tascam Corp.
5440 McConnell Ave.
Los Angeles. CA 90066

TEAC Corp. of America
7733 Telegraph Rd.
Montebello. CA 90640

Technics by Panasonic
200 Park Ave.
New York. NY 10017

Telex Communications
9600 Aldrich Ave. S.
Minneapolis. MN 55420

Thorens (see Elpa)

Tomlinson Research
1890 Capitol Circle. SW
Tallahassee, FL 32301

Toshiba America
4106 Delong St.
Flushing. NY 11355

Toyo
1842-B W. 165*h St.
Gardena, CA %0247

Transduction Ltd.
P.O. Box 608
Bristol. PA 19007

Trusonics
1100 E. Frankiin
Huntington, IN 46750

The Turner Co.
909 17th SE
Cedar Rapids. [A 52402

Unicord Inc.
75 Frost St.
Westbury. NY 11590

United Audio
120 S. Columbus Ave.
Mt. Vernon. NY 10553

Utah Electronics
1124 E. Franklin St.
Huntington. IN 46750

Venturi (see BIC)

V-M Corp.
Box 1247
Benton Harbor, M1 49022

Yamaha
6600 Orangethorpe Ave.
Buena Park. CA 90620



Bose 1801

Notes: (1) All models solid-state except when model number is pre-
ceded by (T).

(2) Basic power amplifiers have model number preceded by (B).

(3) “K" indicated kit price; “W" wired.

Amplifiers-Basic & Integrated

Cerwin-Vega A-3000S

Crown DC-300A

&
MANUFACTURER é";
&/ SPECIAL FEATURES
S /&/F
ACOUSTICAL (B) 45 03] .03 20-30k | 30-35k ) 100 8 Aax12%) 18 237.00
MFG. Quad 303 -1 x 6%
ALTEC T70A 0 [03 152% -20k 05 (8 25 [6%x9% | 1§ 78800 | Built-in elect. x-over switchable fo
- 05 x9 800 or 500Hz: 2 basic pwr. amps on
1 chassis.
AUOIO RESEARCH [ (BT) D51 | 50 0. 700T] 05 [ 0.01 | 1530k [520k |90 48 [0 [15x13 5.00
-1 16 x7
(BT)D75 | 75 0.1 100105 | 0011530k |520k |90 48 |20 19x13 995.00
+1 16 x7
(BT)D400( 400 f0.1 | 0.01( 0.5 | 0.01 | 15:30k |520k {90 48, 120 19x13 2950.00 | 3 chassis; built-in fans; meters.
-1 16 x 10%
BGW SYSTEMS (B)1000 | 250 |01 |01 |01 |01 |52k |28k |100 2 4 1000 | 19x 17 70 1200.00 | SCR crow bar; no fuses; adj. power
+0-3 x7 limit.; forced air cool.; LEDS
(B)4X250] 250 |61 {01 | 01 | 0.1 | 520k 280k |100 2 4 1000 | 19x 17 70 1450.00 | 4-channel; sim. to above; anti-trans.
4-chan. +0-3 x7 ON-OFF; SCR crow bar
(B)500R [ 200 ]0.2 | 02 | 01 JO1 |52k [265 | 100 2 4 1000 | 19x 11 42 685.00 | Mod. const,; SCR crow bar
+0-3 x 5%
(B) 250 100 J62 [ 02 | 01 | 01 | 520k |2-65k | 100 2 2 1000 | 19x8 30 429.00 | Wwill drive 2 ohm loads; for use with
+0-3 x 5% sm. sys. & multiple speakers.
(B) 1500 | 1500*| 0.1 [ 01 | 0.1 [ 0.1 | 510k |52k | 100 2 1 | 2000 19x17 75 1350.00 | *Mono—1500 watts 1 ohm; high
+0-3 x7 power bass reprod.
BOSE (B) 1801 [ 250 02 ) 0.2 ) 02 | 0.2 | 55k 2020 15 |4 200 | 18x18%[ 82 986.00 | Mtrs.; LED display; 2 inputs;
- 04 x 7% 2 outputs; 400 W. into 4 ohms.
(B) 1800 | 250 [02 | 02 | 0.2 { 0.2 | 55k |20-20k 1.5 |4 200 | 19x15 80 | 1000.00 | LED disptay; rack mountable: field
~04 x 8% serviceable; 400 W. into 4 ohms.
CERWIN-VEGA A-3000 400 (008|008 0.08[ 0.1 | 20-20k [570k | 110 [ L8V 2 500 | 19x9 55
+1 x9
A 2800 700 | 0.08| 008 0.08| 0.1 ) 2020k [570k | 110 | 1.8V 2 500 | 19x6% | 50 850.00 | Short ckt. output protect.; avail.
«1 x9 w/elect. x-over; mono.
CRISMAN Monolith | 100 [ 0.1 [ 01 [ 0.2 | 0.2 | 10 10 0.1 | 150 | 42x20 200 | 1149.00 | Incl. 30" woofer in air susp. cab.
Mk XI 100Hz | 100Hz x 26
+5
CROWN ®)D60 [ 30 [0.05[ 005 0.05] 0.05] 530k -20k | 106 0.775] 4.3, TxI8%] 10 4. T TdB; wal. cab., $20.00; Trol.
0.1 16 x 1% pnl. phone jack; mono conv. to 90 W.
25 volt line out (bal.).
(®)D-1501 75 [ 0.05| 0.05| 0.05| 0.05 ] 10-20k* |4-100k | 110 119 | 48 | 200 | 16%x8 | 22 399.00 | *+ 1dB; wal. cab., $33.00; frnt.
-1 16 x5 pnl, $30.00; mono conv. to 250 W.
50 volt Jine out (bal.).
(8) 150 | 0.05| 0.05( 0.05| 0.05 | DC-20k* | DC-100k| 110 175 | 116 | 200 | 19x9% | 45 695.00 | * - 1dB; wal. cab., $37.00; mono
DC-300A 1 x7 conv. to 600 W. 70 voit line out
(bal.).
DAYTON WRIGHT | (B)DWIK | 500 [ 0.06 | 0.03] 0.09] 0.03 | 10-21k | 10-25 500 | 19x14 92 1460.00 [ All output dev. ind. fused; each
+~ 95 x7 chan. (incl. output) plug-in cond.:
fan cooled, avail. 11/1/73.
OUKANE CORP. 149018 50 15 | 05 20-20k 19x6% [ 25 Circuit protecting devices.
-1 x 5%
1A9118 100 | 15 | 05 20-20k 19x7 36 Same as above
=1 x 8%
1A921B 200 (1.5 | 05 20-20k 19x8 55 Same as above.
1 x 12%




Amplifiers-Basic & Integrated

Heath AA-2010

e
3 {
c R JVC VN-900
Dynaco ST-400
Notes: (1) All models solid-state except when mode! number is pre-
ceded by (T).
(2) Basic power amplifiers have model number preceded by (B).
(3) “K" indicated kit price; “W" wired.
& &
) &/ N
s/ ¥ &
/o N /& §/ &) 8/ &/ s
s (3 VAR S &/ & S 5 3
& &/ . F/ </ & &/ & & &/ & &
MANUFACTURER f\" /8 gg & £/ F 3 F ;t*’ NIV AR
S VAR EINVARA i &/ €/ 5/ & Fv/ &
& ¥ /X v/ 5/ § NS e/ & g/ & S/ ¢ SPECIAL FEATURES
K3 é" K4 & \#" ¥ & 4.:? . ‘5-? &/ & & &/ $ s's 6‘59 R &
OYNACO Stereo 200 | 018 (005 |01 | 0.05] 535 | 850k |95 16 |8 80 17x 14 54 449.00K | Sphr. prot.; relay d.c. load prot .
400 (B) « 01 7 599.00W | 1000 sq. in. heat sink; opt. output
mirs.. filts., lev. contls.
sca800 |40 'os o1 |05 [o01 [850k | 1550k |60 | 30 |80 213 | 8 40 13%x 10 |16 169.95K | Bult-tn matrix cirt. for 4.0 sound
4-chan. -4 x4 249.95W | w/4 sphrs
Stereo 60 05 o1 [05 |01 | 550k | 5100k | 100 15 | 8 40 13x10% |20 159.95K | Regufated pwr. supply.
120 (B) -4 x4 199.95W
Stereo 40 05 o1 |05 |01 {850k [ 1050k |% 13 18 40 14x8 13 119.95K
80 (B) -l x4 159.95W
ESS 500 250 | 01 0.1 01 |01 1-100k | 3-150k 1000 | 16%x 15 625.00 | Active constant current source ctry.
~1 x6 no turn-on surges; 1.7 uS nse time.
EPICURE 1251 01 [005] 01 | 0057535 [ 3100k | 100 48 | 100 | 13x19 200 W. into 4 ohms spec. protect
~3 x8 cire.
HARMAN/ Citation 60 02 [02 ] 015 0.15] 5-35k | %-100k | 100 12% x 12% | 32 340.00 | W. face plate & wood encl; Citation
KARDON 12 Deluxe -1 x 5% 12 less faceplate & encl., $295.00W.
$225.00K.
HEATH M-14 10* | 1.o0* |05 | L0 790k | 12:60k | 60 45 0.3 50 12x 10% |8% 59.95K | Stereo ‘phone jach: sphr. swit.; *full
~1 x3 power 20-20k at rated THD (all
channels driven).
AA-1214 15 | 05 [025]05 [02 | 530k | 7-100k | 65 20 |75 019 50 12%x12 |10 89.95K | *Pwr rating as above; tape mon.
-1 x3's input: stereo ‘phone jack; spkr swit.
AA-29 35¢ | 0.25* J0.1 |02 | 01 | 530k [ 7-60k |65 22 | 155 0.18 50 16% x 14% [ 22% | 159.95K | *Pwr. rating as abuve: iud. constr.
-1 x 5% 6 inputs incl. tape mon.; 2 spkr.
swit.
AA15 50 | 05* |02 |05 [02 | 630k | 840k |60 2.2 | 155 0.2 45 16% % 12% |21% | 189.95K | *Pwr. rating as above: 5 nputs inc!
-1 x 4% tape mon.; tone flat: foudness: 2
sphr. swits.
aA-2010 [ 35% | 0.25° )01 [ 0.2 |01 | 545k | 7-50k |65 22 | 155 0.18 100 | 18%x 13% |28 359.95K | *Pwr. rating as above; 4-ch. amp
4-chan. -1 x 6% (incorp. 2 comp!. stereo amps): 4
meters w/3-pos. atten swit.:
handies all matnx matenal
HITACHI 1A-600 32 |05 20-30k | 10-100k] 95 | 25 0221 8 50 16x5 19 219.95
+0, -1 x12
1A-1000 5 | 05 20-35% | 10-100k| 100 [ 0.25 014 8 50 18x5 28 329.95
+0.-1 2.0 x13
INTEGRAL (B) 200 100 02 |02 [02 ]0.2 |20-25% [ 10-200k 100 | 19x12% 300.00 | Model (B) 200U, utility, $270.00
SYSTEMS -1 x 5%
e wN770 | 125] 05 o2 [o08 |03 | 1030k | 1840k |65 | 25 | 100 0.1 | 416 ] 50 16%x 12 |21% | 279.95 | 4 chan. nteg. amp: 4 VU mtrs.
4chan. -1 x 5%
aN990 |35 ] o5 o1 |08 |02 | 10-30k| 1050k |65 | 25 | 100 015| 416 | 50 16% x 15% | 35% | 499.95 | 4chan. integ. amp; 4 VU mtrs.. dual
4 chan. -1 x 5% SEA contls
VN700 35 25 | 0504 |01 | 2520k | 2050k |65 | 25 | 170 02 | 416 50 16% x 12%4 ] 22 299.95 | SEAtone contls
-5 x 5%
VN900 50 25 | .05] 04 | 0.1 | 20-20k | 2050k | 65 25 | 250 0.2 | 416 | 50 16%x 124228 369.95 | SEA tone contls ; pink noise tester
- 05 x5%
(B)VB-10 | 60 07 | 05701 .05 | 1070k | 10-100k 10 | 416 | 80 19x13% |36 599.95 | 2VUmtrs
-02 x6
(B) VB-100} 50 07 | .05 5|01 | 20-30k | 1845 08 | 416]|05 | 8wxi2e J16% | 25995 | 2VUmtrs.var damp
- 05 50 x5%
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Phase Linear 400

Notes: (1)

(03]
3)

All models solid-state except when model number is pre-
ceded by (T).

Basic power amplifiers have model number preceded by (B).
“K" indicated kit price; “W”’ wired.
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KENWOO0O KA-8004 | 60 04 0.4 10-50k } 20-50k | 65 25 | 200 30 17 x 11%] Dir. cplg.: dual protect. crt.; bass &
-2 x6 treb. contls. w/sel. x-over pts.; 2 sys.
tape; A-B-C sphr.
KA-6004 | 40 | 05 0.3 10-50k | 20-40k | 68 25 32 17%x 11%| 25.4 | 29995 | Dir. cplg.; dual protect.; PNP can-
+0, -1 xb type trans.; 2 sys. tape; 40 & 80
lo filters; A-B sphr_sys
KA-4004 | 36 0.5 0.5 10-50k | 20-40k | 65 2.5 32 17%x 11%| 20% | 189.95 | Dir. cplg.: dual protect. crt.; PNP
+0. x6 trans.: 2sys. tape: inputs for 2
-1.5 phono, 2 aux, tuner, mic A-B spkr
KA-200241 13 0.8 0.8 20-30k | 20-30k | 60 2.0 50 13%x9% [ 119 | 11995 | Bass & treb. contls.; inputs for 2
.2 x 4% phono, tuner, aux, tape.
LAFAYETTE LA-74 30 1 0.07 18- 20-20k | 65 37 0.55 15% x 11%] 18.7 | 279.95 ( Fult togic SQ crty. w/Variblend.
4-chan. 25k + 1.5 x4%
LA-222 7 1 0.15 20-20k | 55 25 | 55 027 148 13%x 8% | 14 129.95 | SQcriy.; main/rem. sphr. swit.
4-chan, ~15 16 x4%
LA-150 33 1 0.05 13-35 | 22-20k | 56 22, | 40, 0.25 | 4.8, 13x 9% 19 169.95 | Main/rem. spkr. swit.: lev. contls
-1 7 120 16 x3%h
LA-975 25 1 0.07 20-3% | 20-20h [ 60 | 45 | 60 0.25 | 4.8 13x10% | 20 149.95 { SQcrty.
4-chan. <1 16 x4%
H.J. LEAX Stereo 3% 01 |01 |03 20-30k | 66 | 2.0 2.0 8 40 13x 4% 12 299.00 | 7 pushbutton controls; Mono 'L” &
(ERCONA) 10 x8% “R" inputs; headphone output;
remote & main spkrs.
MARANTZ 500 250 { 0.05| 0.05{ 0.05] 0.05[ 3-60k | 20-20k 416 [ 400 | 17%x 16 | 81.3 |1200.00 | Output mtrs.; pwr. limit. swit. for
«0.1 x7 50W.. 150W., 250W.
250 125( 01 | 01 | 01| 0.1 | 760k | 20-20k 416 [ 100 [ 15%x9% | 31 495.00 | Output mtrs.; mtr. rng. swit. for
- 0.1 x 6% —20dB; 240 same but w/o output
mtrs. or mtr mg. swit., $395.00.
1200 100 [ 015 0.15( 0.15] 0.15) 10-40k | 20-20k | 100*] 1.35( 100 0.134] 4-16 | 100 | 15%x14 | 34 595.00 | *Phono dyn. rng.: ratio of overload
- 025 x 5% to equiv. input noise.
1120 60 02 |02 ] 02 02| 10-40k 96* | L1 | 100 0.11 | 416 ¢ 40 15%x 14 | 32% | 395.00 | *Same as above.
x 5%
1060 30 1 05 | 05 05| 05 | 1550k |20-20k [ 96* | 1.8 | 100 0.15 | 416 | 45 14%x 12 | 26 229.95 | *Same as above.
-1 x4%
1030 15 1 05 { 05| 05| 05| 1540k 2020k | 93* | 2.1 | 100 018 (416 | 40 14%x 12 | 25 169.95 | °Same as above.
Gl x4%
4140 26**1 03 | 03 03| 03| 770k ] 2020k | 96* ] 19 | 100 0.18 [ 4-16 | 40 15%x 14 | 407 | 549.95 | **4/ch.. 70W./chan. in 2-chan
4-chan. <05 x 5% mode: 2-ch./4-ch. bridging: Vari-
Matrix synth. w/dim. contl.; rem
contl. capability; *same as above.
4100 same but 60W./chan. in 2-ch
mode.
4070 15** 05 | 05| 05/ 05 1060k [ 2020k [ 93* | 1.9 | 100 0.15 | 4-16 40 14%x 12 | 27 299.95 | **4.chan., 35W/chan. in 2-chan
4-chan -1 x 4% mode. Balance same as above
OLSON AM 395 12| 075( 04 | 15| 052 2028k {2020k | 58 | 2.0 | 40 281 02 | 416 20 x| 12 69.99
- 18 x4k
AM 372 | 8 1750 15 0 15| 1.0 | 2225 [ 2020k | 55 20| 45 30 [ 025 4.16] 18 12%x P4 | 7 39.98
-3 x 3%
ONKYO 7055 26 | 0.1 | 0.03(0.05 10-100k | 10-70k | 75 L.2/7| 230 874 | 80 16% x 4% | 25 219.95 | 3 pos. phono gain switch; 250 prot.
to-1 2.4/ x5% circuitry.
48
1022 52 0.1 | 0.03]0.05 10-100k | 10-70k | 75 1.2/ 300 874 | 80 16% x 14%| 29 329.95 | -300 mV phono overload capacity;
+0-1 2.4/ x5% sep. swit. between pre and main
48 amp.: choice of turnover freq
PLM (8) 120 | 03 2:90k | 3-55k 50 15%x 11 | 29 369.50 | W.2VU mtrs. Mono- 100, $199.50
$-100 ~1 x5
B85 [ 50 | 05 10-45 | 15-50k 40 15%x 10 | 14 199.95 | Mono-50. $124.50.
-1 x3
8)S$-25f 25 0.5 15-45k | 20-150k 40 Twx? 10 129.50 | Mono-25 $79.50.
~1 x3
PHASE LINEAR 400 200 | 025( 0.25| 0.25| 0.25( 520k | 5250k | 100 416 | 1000] 19x10 35 499.00
-0 x1
1700 3501 025 025 0.25] 0.25| 0-20k | 0-250k | 100 4-16 | 1000] 19x10 45 799.00
-0 x4




Pioneer SA-9100
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- . ) Notes: (1) All models solid-state except when mode! number is pre-
t1 ity P O ceded by (T).
— - (2) Basic power amplifiers have model number preceded by (B).
(3) “K'"indicated kit price; “W' wired.
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PiLoT 210 25 |05 0.5 20-25k 65 | 25 48] 35 15x 11 159.90
45 16 x 5%
310 30 |05 0.5 10-40k 0 |25 48135 18%x 17% 349.90 | 4 Mtrs; Pilotone oscillator; mic
45 16 x 6% mixing.
PIONEER SA-5200 |13 08 |02 (08 04 | 1040k 25| 100 8 30 16x12 16 139.95 | 2aux.; 2 spkr. sys. click-stop tone
x5 contls.
SA-7100 |2 |05 05|05 |0.00 | 570k | 780k 25 | 190 8 40 17x13 22 249,95 | 2 phono; 2 aux.; 2 tape mon. dup.
+0.-1 x5 1-2. 2-1; tone defeat swit ; freq.
turnover swits.; —20 dB cut muting.
SA-8100 |44 03 1005]03 |0.05] 540k | 7-80k 25 | 250 8 60 17x13 26 349.95 | Twin tone contls, main & sub.; vol.
-1 v5 1v). set contl. tone defeat swit..
2 tape mon., 1.2 2:1: 2 aux.. 2
phono: —20 dB cut muting.
SA-9100 |65 [0.1 004 |01 |0.04] 540k | 7-80k 25 | 250 8 10 17x13 30 449.95 | Twin tone contls, main & sub.; vol
-1 x5 level set contls.: tone defeat swit.
2tape mon., 1-2,2-1; 2 aux.. 2
(phono 2 imp. sel.); —20 dB muting
cut; aux 2 phono 2 & spkr. B leve!
contls.
QUINTESSENCE (8) Power |120 | 0.05 | 0.05 | 0.05 | 0.05 | 10-45 | 10-500k 05 |8 1000 |17x10 55 750.00 | Lev. sens.; bal.. compl. sym. drivers
Amp 1Y ~0.25 x6 & output; op-amp lst stg.; fan
cooled.
(B) Power |120 | 0.05 ]0.05 [ 0.05 | 0.05 | 10-45 | 10500k 05 |8 1000 (17x10 60 1000.00 | Same as above w/liq. crys. dig. watt
Ampl1D ~0.25 x6 mtr., reading peak or RMS lev.
RADFORD (8)110-60 [60 | 0.005] NONS[ ANZ | NAZ | 1070k 1.0 | 416] 50 |16x4% |22 429.95
(AUDIONICS) x 8%
HD-2260 |60 | 0.01 [ 0.01 | 0.02 [ 0.02 | 10-70k 8 1.0 | 750 0.08 | 4-16) 50 16x42 |30 |na
x 8%
RADIO SHACK QA-621 2% 30-20k | 20-25 150 140 | 416 12x8 7995 | SQ
4-chan. +3 x4
QA-681 25 30-20k | 20-25k 416 4% x 11% 199.95 | SQ
+3 x4
SA-500 30 1 30-20k | 20-20k 4-16 14%x 11 119.95
+1 x 3%
REVOX A78 .40 [ 01 |01 |03 10-40k | 20-20k |80 | 2.0 0257 416 20 16%x7% | 18 449.00 | Step tone contls ; sep adi inputs:
<1 x 6% 2 phone outputs: ind.. low. i & pres.
ROTEL RA-211 10 |02 05 | 1.1 | 203% [ 2075k |63 | 27| 50 |80 8 35 1%x 7% | 10 109.95 | Spkr.sys. 1-2, 142; tape mon..
x4 wood cab.
RA-311 18 101 03 15-50k | 1590k |65 | 27 | 50 8 35 12%x 8% | 12 159.95 | Spkr.sys. 1-2, 1+2; 4-ch.syn. hi
4-chan. x4 fil.; tape mon. 142 tape dub. 142,
wood cab.
RA-611 30 (01 0.2 550k | 10-100k| 65 [ 25| 100 8 35 16%x 12 | 14 23995 | Dual slide bass & treble; tape mon.
<05 x 5% 1-2; tone defeat; loudness: phono
142; Aux. 1-2; low & i fil.; wood
cab.
RA-810 40 |02 0.1 550k | 475 |65 [ 20 ] 125 8 38 16% x 12 | 22 299.95 | Tape dub. 1-2, 2-1; ad). phono imp./
+0.-3 x 5% sens. on phone 2; hi-lo fil.; 20d8
muting.
RA-1210 |60 | 0.05 | 002 |01 3-100k | 70 1.0 | 130 8 38 16%x 12 | 30 349.95 | 2 power transf.-adj. imp. & sens. on
to +0, -3 x 5% phono 2; tape dub. 1-2, 2-1: 3 stage
0.09 diff. preamp; bass & treble roli-off.
SAE @ MKm [200 | 0.05 j 0.05 [ 0.025{0.025 | 8 50k | 1-100k | 100 150+ 17x5% |49 950.00 | Series D output: dir. rdg. pwr. mtrs.
CM -1 x 14% in rms; Mk HIC same but w/0 pwr.
mtrs.. $750.00.
@ MkIv 1100 | 0.05 | 0.05 ] 0.025{0.025 | 850k | 5100k | 100 150+ 17415 33 550.00 | VU mtrs. Mk IVC same but wio VUI
CM -1 x 5% mtrs., $500.00
(BYMK31B| 50 | 0.05 | 0.05 | 0.025{0.025 | 850k | 5-100k | 100 150+] 15x 8 18 275.00 | Series D output
-1 x 4%
®)Mk31 |60 | 0.05 | 0.05 | 0.05| 0.05] 850k | 5-100k | 100 150+ 15x 8 16 150.00
Mono ~1 x 4%
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Amplifiers-Basic & Integrated

o iie Q€%
.q i1

¥

E I e

e £ ¥ TR e

Notes: (1) All models solid-state excapt when model number is pre-

ceded by (T).
(2) Basic power amplifiers have model number preceded by (B).
Sherwood S-9400 (3) “K" indicated kit price; “W" wired.
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SANSUI AU9500 8 |0l 0.1 5-40k : . L 19% x 13%
AUTS00 | 43 | 0.1 0.1 5-40k 17% x 12%§ 28 299.95 | 6500 sim. but 32W/chan. & freq.
x 5% resp. 10-40k, $249.95.
(8) 20 o3 0.3 20-40k 6x10% |91/6] 99.95
BA-60 x4%
QA7000 20 0.1 10-30k 17%x 12%] 309 | 549.95 Decoder; signal avail. at Tape 2; dir
4-chan. x 5% dubbing.
SCHOBER BTR-3M 70 (0.09 1008 (007] 0.05( 540k {557 B 0.15 ) 416] 28 | Sux1l% |20 (na Mono, conv to 2-chan.: fully
- 05 to x8 protected.
1.0
BTR-30 70 0.09 1008 007) 0.05] 540k | 557k 015 | 416) 28 | Swx1l% |21 [na Stereq; fully protected
05 to x8
1.0
SHERWOOD $-9400 50 (08 f015([06 [ 0.3 | 545 |2020k |60 18 |80 |21 |02 |8 40 17%x14 |29 259.95 [ 2phona: 2 aux; mics; Dynaquad
4-chan, - 05 x 5% sphr. overload prot.
SINCLAIR 2000 8 0.06 0.1 25:25% [25-35% |65 | 3.0 0.125] 8 55 12x6 3 129.50 | Push-button contls.; and blk. alum.
(HERVIC) -3 & x2 case: 3000 same w/17 W./chan.;
30.0 THD at rid. pwr., 0.04.
SONY TA10SS | 23 [05 Jo1 |05 | 02 | 1040k [ 1060k |70 | 20 |70 025] 8 22 | 16%x Il [ 13'% | 189.50 | 20 + 20 W. at 40-20k: wood
.3 x4% cab ; 2 tape mon.. dir. spkr
coupling
TALS0 |35 [02 Jo1 |02 | o1 | 835k |1580k {70 | 20 |70 014 8 100 | 15%x 12% | 18% | 26950 | 30 + 30 W. at 20-20k: 2
-2 x 5% tape mon.; dir. sphr
coupling.
TA1130 [65 o1 {005)01 [o005] 730k | 10100k]70 12 |70 01318 100 | 15%x 127 | 28% | 429.50 [ 50 + 50 W. at 20-20k- 2
ol x5% dB-step calib. tone contls
dir. spkr coupling
(B) 70 [01 |005101 [ 005 730k | 10-200% 10 |8 200 | Tx12% [ 17% | 24950 |50 +50W at 20-20k: dir
TA 3130¢ -1 x 5% Sphr. coupling,
B) 10 |01 1003 {01 | 003] 535 {5200k 14 |8 200 | 15%x 12% | 28 369.50 | 100 + 100 W. at 20-20k:
TA 3200 -1 x5% Y2, Y pwr. limit. swit.; dir
Sphr. coupling
OUTHWEST (B) 540 15 Lo J02 [L5 [05 [1050k |5-100k 1.0 |8 100 | 9x8 6 39.95K | Integ. crt. driver
TECHNICAL x 2%
(B) 185 30 01 Jo.05 [05 |01 |10-80k 5150k 1.25 [48 | 100 | 10x9 8 55.00K | Current src. driver sys.; compl
x3 outputs.
(8) 175 80 [01 J0.02 J03 |01 |10-100k {5200k 15 |48 | 100 |13x6 14 60.00K [ Mono; current src. driver: compl.
x5 output stg. w/volt-amp limit sys.
(B) 207 60 [0.02 ]0.015D.01 ]0.005 {10-100k |5-250k L5 148 | 100 ] 13x4 13 75.00K | Mona; all compt. push-pull x-cpld.
x5 crt.: triple output stg. volt-amp
limiting.
UPERSCOPE A-235 5 1.0 30-50k 30 14%x 7% [6.6 79.95 | Mag/cer phono swit
x 4%
A-245 10 1.0 13-23% 25 4% x 7% |8 99.95 | Tape mon.; mag/cer phono swit.
x4% loudness swit
A-260 15 0.05 20-50k 20 14%x 1% 169.95 | Quadraphase (sphr. matrix sys.);
4-chan, x54% loudness contl.; tape mon.: de-
tented sliding tone contts.: mic
jack for p.a.
QA-450 10* |10 30-30k 35 14% x 12% 279.95 [ *4-chan., 25W/chan. in 2-chan.
4-chan. x 5% made; discrete, SQ; ambience: 2ch/
4 ch. bridging; swit. preamp/pwr.
amp modes; toudness; tape mon.;
hi freq. filter swit.; 4-ch. vol. contl.
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TOMUNSON 1002 100 0.1 J0.05) 01] 0.05 10-25k | 10-100k 5001 17x11% { 42 559.95 | Level contl; short-proof protect.
~1 x7 circuit.
3501 350 0.1 |005| 0.1) 0.05] 10-25k] 10-100k 5000 17x11% | 42 599.95 | Similar to above ~mono.
+ 1 x7
VM 1538 4 50 | 08 70-10k | 55 01] 8 2 4.chan. discrete inputs; 2 E-V de-
coded stereo inputs.
YAMAHA CA 600 30 014004 01| 005| 570k 10-50k{ 87* 30[ 310 012] 48] 70 17x6 25 299.95 *|HF A ntwrk.; OCL pure compl.,
+0.5 x13 cont. loud. contl.; trans. & sphrs.
-1.0 prot.; 2 tape dub. cht.
CA 800 45| 01 |o04] 01) 005 570k | 1050k| 80* 30| 310 012| 48] 70 17x6 31 469.95 | *As above; sel. tone contl.; turnover
+0.5 x13 freq.; 2-step hi & fo fil.
-1.0
CA 1000 70 011004 01| 0.05] 550k 10-50k | 80*] 30| 310 012 48] 70 17x6 3 569.95 *As above; FET phono input; spec.
+0.5 x13 mic amp; 3 spkrs output.
-1.0




Amplifier Q’s and A’s--
Mainly For Beginners

Q. Is it still necessary for amplifiers to
be divided into a preamp and a power
unit?> Why should I be bothered with all
those connecting cables?

A. Years ago, in the tube era, were
several advantages in having separate
units. For some cabinet installations,
the main amplifier with its massive
power and output transformers could
be placed at the bottom, leaving the
control unit to be mounted in the most
convenient position. Secondly, the radi-
ated hum field from the power trans-
former was more difficult to control in
an integrated unit. Thirdly, the sheer
size of a high-power integrated unit
was a disadvantage in itself. But with
solid-state techniques these advantages
have tended to disappear. Power trans-
formers can be much smaller and there
are no output transformers to contend
with. And so, integrated amplifiers
with powers up to 100 watts per chan-
nel are every bit as good as separates.
But for very high powers—of the order
to two or three hundred watts, there is
the problem of size and heat dissipa-
tion, and so separates are to be pre-
ferred.

Q. How about receivers? Are separate
tuners and amplifiers better?

A. Much the same arguments apply
here too. Two big problems with FM
tuners using tubes was drift caused by
heat dissipation, and, secondly, size.
Now, many receivers have very elabo-
rate amplifier sections and give a high
standard of FM performance t0o0. Even
so, separate tuners are still recom-
mended for those who want the last dB
of performance. And, of course, they
are even more versatile—why buy a
new set of equipment if all you need is
better FM reception?

Q. I can see that transistors have many
advantages over tubes—freedom from
microphony, less hum, small size, and
they do not age. But aren’t these advan-
tages realized at the expense of noise
and distortion?

A. Definitely not! Taking the question
of noise first, modern audio transistors
can have a significantly lower noise
level than the very best tubes—which
is one reason why they are extensively
used in studio equipment and micro-
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phone preamplifiers working with
extremely small signals. As for distor-
tion, it must be said that many early
solid-state amplifiers had a higher
distortion than their tube counterparts.
Crossover distortion was a problem at
low volume levels and another factor
was the actual distribution of spurious
harmonics. Although the overall meas-
urable distortion might be quite low,
the proportion of high order harmonics,
like the fifth, seventh, and ninth, was
high. It has long been known that these
high order harmonics are subjectively
more unpleasant and in fact, several
proposals have been made for a real-
istic “weighting factor.” The effect,
as far as the listener is concerned, is
a harshness of the sound, variously in-
terpreted at the time as a brilliance, a
clarity, or “that transistor sound.” But,
of course, during the past few years,
developments in circuitry and improve-
ments in transistors have changed the
picture completely. Modern solid-
state amplifiers have a lower distor-
tion and better signal-to-noise ratio
than possible with tube amplifiers.
Elimination of the output transformer
(necessary with tubes) has meant that
the designer can achieve stability, wide
bandwidth, good transient response,
and a damping factor effective over
the whole band. True, all these para-
meters can be met with output trans-
formers but not too easily and cer-
tainly not cheaply. For instance, to
maintain the low frequency response,
a high primary inductance is required,
but the windings have to be section-
alized to reduce self-capacity or high
frequency and stability will suffer. As
a matter of interest, some time ago.
Peter Walker demonstrated a bridge
method of evaluating the distortion of
an amplifier using any kind of input
signal, including speech and music.
Briefly, it involved the balancing out of
the input signal with the output—what’s
left is distortion, a deviation from the
original. It could be displayed on an
oscilloscope or amplified and fed into
a loudspeaker if so desired. Obviously,
this method must be almost foolproof
as it takes into account IM, THD, tran-
sient mutilations, frequency deviations,
thermal effects, and so on. I said almost
as phase effects could cause instability
unless precautions are taken. At the
demonstration, Peter Walker proved
that the distortion detected by the
bridge was greater on his old and re-

spected Quad tube amplifier than on
his 303 transistor amplifier!

Q. If I buy an add-on power amplifier
for quadraphonic sound, will I need the
same power for the rear channels?

A. Yes. Many recordings demand equal
power from all four speakers although
a few use ambience only for the rear
channels. Overall sound level, however,
should be about the same as for con-
ventional two-channel, although opin-
ion is divided on this issue.

Q. What noise level is inaudible? My
amplifier is rated at 65 dB for PHONO,
yet the background noise is quite loud.
A. This is not an easy question to an-
swer because there are so many factors
involved. Here are some of them: Dis-
tribution of the noise (i.e., the propor-
tions of low and high frequencies),
loudspeaker characteristics, room char-
acteristics, and method of measuring.
A speaker system with a “peaky” treble
will over-emphasize hiss, and obviously
a low frequency hum of 60 Hz would
be more audible from a loudspeaker
with a resonance in that region. Again,
a hum that would be completely inau-
dible on a small bookshelf speaker
might be unbearably loud on a large
corner horn system. In practice, a signal-
to-noise ratio of 50 dB or above (re-
ferred to full amplifier rated output)
would be unobjectionable.

Q. Is there any point in buying an am-
plifier having a higher output than I
need? Would it sound cleaner at low
levels?

A. In general, it is wise to allow as
large a factor of safety as possible.
It would surprise many people to know
that what often passes as a roughness
in the sound or is dismissed as a re-
cording defect is actually overloading.
Many of our present day loudspeakers
are relatively inefficient (0.5% is not
uncommon) and they really do need a
fair amount of power, especially in a
large, well-damped room. Usually,
there is no detectable difference be-
tween very large and small amplifiers
at low listening levels, although it must
be said that transient peaks are often
larger than many people imagine! A lot
depends on the amplifier’s overload
characteristics—some clip peaks cleanly
without fuss, while others produce an
excruciating noise! G W.T.



JVC Model 5011

A look at requirements and specifications

George W. Tillett

ANY YEARS ago, in 1880 or thereabouts, Lord Kelvin

Amplifiers
mplifiers
said, 1 often say that when you can measure what

M you are speaking about and express it in numbers,

you know something about it. When you cannot express 1t 1n
numbers, your knowledge is of a meager and unsatisfactory
kind.” Very true—but if you cannot understand the numbers or
their significance, then your knowledge is still unsatisfactory.
Technical specifications of any kind can be very confusing to
the beginner, and those relating to amplifiers are certainly no
exception. Indeed, the multiplicity of standards and the trend of
some manufacturers to use artificial power output figures,
for instance, make translation quite difficult for engineers—let
alone beginners.

Before we take a look at the figures and see what they mean
and what really matters, it will be as well to list the basic re-
quirements of a stereo amplifier—and here we will include
separate preamplifiers and power amplifiers, combined or
integrated units as well as the amplifier sections of receivers.
Here they are, not necessarily in order of importance: Low
distortion, wide frequency range, high damping factor, adequate
power output, unconditional stability, low hum and noise
levels, low crosstalk, good channel matching, and adequate tone
controls, filters, and general facilities. Add to these, reliability
and ease of handling plus good styling.

Distortion

The perfect amplifier does not yet exist, in spite of the claims
to the contrary, and even the best, the most expensive, do not
reproduce an exact replica of the input signal—99.99% perfect,
—well perhaps! Both tubes and transistors are inherently non-
linear devices but special circuits and the use of negative feed-
back can reduce the distortion to insignificant amounts. Dis-
tortion can be divided into two kinds—harmonic and inter-
modulation, although as far as amplifiers are concerned, both
are somewhat interrelated. Harmonic distortion means the
generation of spurious harmonics of the input signal. Thus if a
pure 50 Hz note is applied to a poor amplifier, it would come
out as an amplified 50 Hz fundamental plus a certain amount
of 100 Hz second harmonic, 150 Hz third, 200 Hz fourth, and so

Some of this material was previously published in the British Audio Annual (Hi-Fi
News) 1965, to which due acknowledgements are made.

on. Figure 1(a) shows a distorted waveform with a high second
harmonic content. As a matter of interest, an amplifier that had
only second harmonic distortion might not sound too bad. As is
well known, all musical instruments depend on the production
of harmonics (or partials) for their characteristic tone color or
timbre. This is why a note played on a flute, for instance, sounds
different from the same note played on a clarinet or trumpet.
Moreover, the relationships of harmonics and fundamentals
determine the tone tﬂua]ily of such instruments as the Violin or
piano, so if our amplifier only changed those relationships, the
results would not necessarily be that unpleasant. Indeed, it
might merely convert a grand piano into an upright or vice
versa (see Fig. 2). One thing is certain however, the high-order
harmonics—the 5th, 7th, 9th, etc. which are not harmoniously
related to the fundamental in the musical sense—are objection-
able even if present in small proportions. Figure 3 shows how
harmonic distortion is measured with a wave analyser. This
instrument is tuned successively to the harmonics of the test
frequency—usually 400 or 1000 Hz and the readings are ex-
pressed as follows:

vV EZ+ 2+

2 2 2 2
\/E1+E2+E3+E4+

where D = percentage of total harmonic distortion,
E! = amplitude of fundamental voltage, and
E2 = amplitude of second harmonic voltage, etc.

2

100

Because high order harmonics are progressively more un-
pleasant, many authorities advocate a “weighted” distortion
factor in which the harmonics are weighted in proportion to
their relative unpleasantness [1]. Obviously it is very difficult
to assess relative unpleasantness and so the weighted system is
not often used. A simpler method of measuring harmonic
distortion is by using a bridge type of instrument that balances
out the fundamental, leaving all the spurious harmonics to be
measured as a total percentage. Figures obtained by this method
are listed in specifications as Total Harmonic Distortion (THD)
at a specific input frequency, usually 1000 Hz.
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Intermodulation Distortion

This is the production of spurious sum-and-difference
frequencies when two or more frequencies are passed through a
non-linear amplifier. Figure 1(b) shows a 50 Hz and a 1000 Hz
note applied to an amplifier which we will label B. It is a
reasonably good amplifier and so the resultant waveform is
fairly pure. However, if we apply the same frequencies to am-
plifier A, it is quite a different story. The distorted 50 Hz note
deforms the 1000 Hz waveform by intermodulating it as shown
in Fig. I(c). In this process it creates a whole series of sum-and-
difference frequencies—1050, 950, 1,100, and so on.. These

50 Hz [\J AMPLAIFIER f s (a
50 Hz f\/

AMPLIFIER
5 (b)
50 Hz /\/
AMPLIFIER
A (c)

100 v UV

Fig. 1—Harmonic and intermodulation distortion.

spurious frequencies play havoc with the reproduction of music
as they are not harmonicly related to the original tones. Most
of the harsh distortion associated with overloading and Class B
crossover distortion is due to intermodulation or IM. There is
no simple relationship between IM and HD but with well de-
signed tube amplifiers it is normally 4 : 1. In other words, 0.25%
HD roughly corresponds to 1% IM—up to overload point. There
is no correlation for transistor amplifiers where the IM is largely
dependent on crossover distortion. Many of the early transistor
amplifiers had a significant amount of IM distortion that
actually increased at low output levels (see Fig. 4). Crossover
distortion tends to produce more IM than harmonic distortion—
moreover the higher order harmonics predominate. This brings
us to the big questions: How much distortion can we actually
hear, and how much is acceptable? Various tests have been
made in the past and the general conclusion is that a THD of
0.5% at 1000 Hz can just be detected. Under domestic conditions
it is possible that most people could tolerate a rather higher
amount—especially if one considers the limitations of most
program sources. But, bearing in mind the subjective unpleas-
antness of the high-order harmonics and the fact that we do not
usually know their percentages in the quoted figures, it is best
to play safe. A good amplifier, then, should not have a greater
distortion than the following: 0.3% at 1000 kHz, 0.6% at 40 Hz
and 1% at 10,000 Hz. Most specifications only give the 1000 Hz
figures but if the distortion rises appreciably at the ends of the
spectrum, it will normally show up in the IM figures. Standard
IM frequencies are 40 and 7000 or 70 and 7000 Hz in a ratio of
4:1 and IM distortion should not exceed 1.5% at any level up to
rated power output.

Frequency Response

What should the frequency response be? 1 would say 5 Hz to
70 kHz within 1 dB for a really good amplifier, but the band-
width could be reduced to 20 Hz - 30 kHz within 3 dB without
losing too much “fi.”” Seventy kHz might seem a little high for
the roll-off point but many authorities believe that the overall
bandwidth ought to extend up to 200 kHz or higher. Others say,
“Wideband amplifiers are strictly for the bats.” What is the
truth about the matter? Well, there are several reasons for the
high upper limit. Here are some of them:

l. The internal bandwidth of an amplifier using a large

16

30

20—

SLaH i felh oty
o~ © v 53 S ~833 § 3
- ® o = § S g & mIeS @

1
;
|Wi |
i -
\ i 1
“Hremamds +11 2l el 13
o Lm0 e e
s = 8 2 8 R 88s3T8F 83

FREQUENCY-H:

Fig. 2.—Harmonics of E3z (41.2 Hz) produced by two pianos
using equal hammer velocity. (From "Pianos, Pianists, and
Sonics” by G. A. Briggs, Cahners Publishing, 221 Columbus
Ave., Boston, Mass. 02116.)

—

AMPLIFIER

WAVE
ANALYSER

AUDIO
GENERATOR

FILTER

——

Fig. 3—Wave-analyzer method of testing amplifier distortion.
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amount of negative feedback must extend to at least one octave
above the audio range to maintain stability,

2. Assuming a flat response up to 20 kHz is required, then
the rate of attenuation above this frequency must not exceed
6 dB per octave to avoid “ringing,” and

3. To reproduce square waves properly the pass-band must
be ten times the input frequency. The difficulty here is to equate
square waves with music and some experts maintain that it is
only necessary for an amplifier to pass square waves up to 4
kHz, thus indicating a response up to 40 kHz. There is a school
of thought which goes much further than this [2]. Their argu-
ment is based on the Helmholtz theory that most music really
consists of a series of tiny transients that blend together in our
ears, and they claim that an amplifier must therefore be able to
reproduce a square wave of 20 kHz without distortion. This
means a bandwidth of ten times 20 kHz or 200 kHz. One reason
why this point of view is not widely accepted is the limitations
in program sources but one thing is certain—the higher frequen-
cies play a more important part in fidelity of reproduction than
was thought possible some years ago. Tests have been made
indicating that the removal of frequencies above 20 kHz or so
can be detected by listeners who are deaf to anything above
15 kHz. One such experiment described by Slot of Philips
involved two scientists, one of whom was absolutely, deaf to
frequencies above 10 kHz and the other above 11 kHz [3]. Both
could unfailingly tell when a filter was switched into circuit
that brought the highest limit down from 18 kHz to 12 kHz. Slot
goes on to say, “It may be that the highest frequencies, even
though they are not actually observed, still give rise to inter-
modulation within the hearing system and that the absence of
these subjective intermodulation tones is considered unnatural.”

Experiments carried out some years ago at Wharfedale with
very wideband amplifiers were not conclusive—sometimes
listeners preferred a response up to 200 kHz, sometimes a more
restricted range was considered more natural—depending on
the program material. It would seem logical to assume that if
the upper frequencies do contain some kind of information,
then they could also add to the sum total of distortion. In other
words the wider you open the window, the more dirt blows in.
So it would seem essential that a very wide band amplifier
should have a switched filter to give best results. Summing up,
an overall frequency range (measured at 1 watt) of 5 Hz to
70 kHz within 1 or 2 dB really represents a middle-of-the-road
approach, with 20 Hz to 30 kHz within 2 dB being the lower
limits. Incidently, frequency range should always be quoted
with a dB reference, the often used formula “frequency response
2 to 50 kHz" or whatever being virtually meaningless.

Power Output

How much power is needed? What with experts recommend-
ing anything from 5 to 500 watts and speaking about sine-wave
power, Music Power, peak power. and so on, it is no wonder
many people are a little confused. Ample power should be
available to handle peak transient signals without distortion
and how much is enough depends on the size of the room,
speaker efficiency, and personal taste (and possibly that of the
neighbors). Speaker efficiencies range from the 25% of the large
horn systems right down to the meager 0.5% of the small book-
shelf models. So | watt fed to a large horn system would make
as much noise as 50 watts into a bookshelf unit. A good average
figure is 3% increasing to 5% for larger floor models. A total
power of 30 to 70 watts would be needed for a small to average
size room, increasing to 100 watts total for a large room. These
figures refer to old fashioned rms watts, not Music Power. What
exactly is Music Power? According to the IHF it is “the greatest
single frequency power that can be obtained without exceeding
the rated total harmonic distortion when the amplifier is oper-

ated under standard test conditions, except that the measure-
ment shall be taken immediately after the sudden application
of a signal and during a time interval so short that supply
voltages within the amplifier have not changed from their no-
signal values.” In practice, this means using an external stab-
lized power supply.

Obviously, if the d.c. voltage remains constant, then the
Music Power will be the same as the rms, sine wave, or continu-
ous power. On the other hand. if the power supply is badly
regulated, then the Music Power rating will be a lot higher
than the rms figure. Put another way—the power supply is so
designed that it will only deliver full voltage for a very short
duration, so if the signal is not a sine wave but merely consisted
of transient peaks lasting a few milliseconds, the supply voltage
would remain constant.

This is a very comfortable theory because it enables consid-
erable economies to be made—not only with the power supply
transformer, rectifiers, and capacitors, but with the output
transistors and their large expensive heat-sinks. More than this,
it enables an unscrupulous manufacturer to double or even
triple the apparent output figures. But of course. there are
snags—for one thing there is no agreement as to how long the
music transient peaks shall be. Peak powers of some organ
works like Bach's Toccata and Fugue in D are quite long in
duration and the demands of some kinds of electronic music are
even more stringent. The only safe guide is to judge an ampli-
fier's power performance by the rms figures and to bear in
mind that the Music Power rating should not exceed the rms
figure by more than 30%. The specified power should apply
when both channels are driven. Note also that power output is
usually greater for 4 ohm than for 8 ohm loads.

That + 1 dB Rating

Sometimes used in specifications as “Power output, 100
watts + 1dB,” “+ 1 dB” is a dishonest method of rating, as we
have often pointed out. It is roughly equivalent to 21%, so that
the 100 watt amplifier only need put out 79 watts!

Overload

An amplifier should have a smooth overload characteristic
with almost instantaneous recovery. A poorly designed power
supply not only fluctuates in d.c. voltage according to the
signal, but produces severe distortion near overload point due
to a superimposed sawtooth “hum’ waveform caused by insuf-
ficient smoothing at high currents.

Power Bandwidth

This can be defined as the frequency range that lies between
the extremes where the available power falls by half or 3 dB.
Figure 5 shows the power response of two amplifiers, one giving
half power at 15 Hz and 45 kHz and the other (Amplifier A
again) at 55 Hz and 8.5 kHz. Note that both give their rated
power at midband and so both could be sold as 50 watt ampli-
fiers. These days when output transformers are as rare as
acoustic phonographs, loss of power at low frequencies is not
too common but reduced output at the very high frequencies
caused by transistor limitations is occasionally found. How
important is power output at high frequencies? It used to be
thought that full power was not necessary above 8 kHz or
thereabouts. But with improvements in program sources and
sound equipment as a whole, it has been found that the upper
limits ought to be a good deal higher. For instance, the upper
partial or harmonic of the cymbals at 18 kHz has an amplitude
equal to the 680 Hz fundamental and this instrument can still
put out considerable power at 25 kHz. [4]. T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>