
ENTERTAINMENT ELECTRONICS 

A New Approach 
To Automobile 
Stereo Systems 

By Leonard Feldman 

T HE acoustic environment in
side an automobile is often de

scribed as "hostile." At first glance, 
high-fidelity sound reproduction 
inside a car seems like an impossi
ble achievement: the car's uphol
stery absorbs a lot of the treble fre
quencies; road and wind noises 
seem to drastically limit dynamic 
range (the difference between soft
est and loudest musical passages); 
and positioning of the driver and 
passengers would seem to rule out 
satisfactory perception of stereo 
separation and so-called imaging. 

Despite all of these problems, car 
stereo systems have become very 
popular in recent years, with many 
music enthusiasts installing sys
tems whose costs represent a fairly 
high percentage of the total cost of 
the automobile. They have tradi
tionally snubbed the "factory 
equipped" radio-tape player com
binations available from the auto
mobile maker, preferring to install 
(or have installed) other systems. 

A recent development may 
change this attitude, however. 
Some 1983 General Motors auto
mobiles will include the option of a 
car stereo system that is custom-de
signed for a specific automobile 
acoustic environment. This was 
achieved through a cooperative ef
fort between General Motors and 
the Bose Corporation . 

Fig. 1. Morgan's microphone/ears helped in the design of the 
new Oelco-GM Car Stereo Systems for top-model 1983 cars. 
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Elements of the System. The 
first consideration in designing the 
system, after ensuring that the car's 
interior would be free of unaccept
able resonances, was to determine 
where to put the speakers. If they 
were located in the most convenient 
area, the driver would hear mostly 
the left speaker, while the passen
ger in the front seat would hear 
mostly the right speaker. No bal
ance control can provide proper 
stereo reproduction for both 
listeners! 

The solution required a great 
many acoustic measurements, 
modeling, and much trial-and-er
ror. One of the techniques used in 
making these measurements in
volved the use of "Morgan," whose 
photo is shown in Fig. 1. This 
"acoustic listener," equipped with 
a pair of sensitive micro
phone/ears, enabled Bose engi
neers to determine the acoustic 
characteristics of any vehicle mod
el. Sounds picked up by the instru
mentation microphones in Mor
gan's ears were processed through a 
digital computer and studies were 
made using a computer program 
called "Interval" (Interpretive Vi
sual Analysis Language). This aid-

Fig. 2. Precise positioning of 
speakers creates proper balance. 
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ed the engineers to develop high
performance speaker/amplifier 
modules for what has come to be 
known as the Delco-GM/Bose Mu
sic System. 

Figure 2 shows how the place
ment and directional characteris
tics of the speakers were chosen so 
that the driver is closer to the left
hand speakers but also directly on 
the radiation axis of the righthand 
speaker. Thus, only a front-rear 
balance control is said to be re
quired; there is no left-right balance 
control in any of these new automo
bile systems. 
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Especially useful were the "In
terval" computer-aided design 
techniques employed to study the 
acoustic requirements of the vari
ous car models. Among them: the 
fast -Fourier transform (permitting 
meaningful frequency measure
ments in the actual environment of 
the car's interior) and interaural 
cross-correlation me as u rem en ts 
(when and how sounds arrive at 
each ear). 

Equalization-A Key Element. 
Bose was among the earliest speak
er manufacturers to incorporate 
fixed equalization into home speak
ers. That approach was put to good 
use in the design of the Delco
GM/Bose Music System. The 
strategy here was to carefully mea
sure the response of the system 
within the car's envi ronment and 
then to apply active equalization to 
remove some of the anomalies in re
sponse caused by the car's acous
tics. To illustrate this principle, 
consider the "car response" shown 
in Fig. 3, taken without any equal
ization. By combining this less
than-impressive response with the 
active equalization curve of F ig. 4, 
the result in Fig. 5 can be obtained. 

Equalization was only one aspect 
of the system design. The tuner had 
to be matched to the antenna. The 
loudness control could be opti
mized only with a knowledge of 
what sound pressure level would be 
created by a given audio signal. 
Overload protection circuitry had 
to be tailored to the maximum out
put of the power amplifiers. The 
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Fig. 3. Response measured in a car without equalization .. 
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Fig. 4. Equalization curve to be used on response. 
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Fig. 5. Response of car with equalization applied. 
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special digital circuitry in the pow
er amplifiers must not interfere 
with tuner performance. After all 
these design tasks were completed, 
there were still many problems to 
solve. Frequency response affected 
the perceived directional character
istics of the speakers so the speaker 
locations had to be changed after 
equalization was complete. Selec
tion of grille material to match up
holstery required yet another 
round of equalization. Even the 
wiring harness in the car caused 
performance changes that had to be 
evaluated before freezing the final 
design. 

Speaker Enclosures. To deter
mine whether speaker enclosures 
would be reqbired, Bose measured 
a single speaker system mounted in 
the door panels of several cars with 
an enclosure and without one. Had 
the door panels been perfect enclo
sures (properly sealed, etc.), there 
would have been little difference. 

Figure 6 shows the results in a 
1983 Cadillac Seville. With the 
speaker enclosure, there is a 5-dB 
improvement in response at 50 Hz. 
Figure 7 shows the results in a com
pact car. Here, the potential im
provement at that frequency was 15 
dB. In other words, it would have 
taken 30 times more amplifier pow
er at that frequency to get the same 
bass output without the enclosure. 
The use of specifically designed en
closures offers many benefits be
sides better bass. The most obvious 
of these is consistency from one 
unit to the next. In addition, pro
tection against such hazards as wa
ter iriside doors or foreign objects 
tossed into trunks is another obvi
ous advantage. Perhaps the greatest 
benefit of all in using an enclosure, 
however, is the opportunity to in
clude more complex acoustic ele
ments in the design, such as a care
fully tuned port to allow better 
low-frequency output. 

The Electronics. The first step in 
the signal-processing chain of the 
Delco-GM/Bose Music System is 
Delco's Electronically Tuned Re
ceiver (ETR) with its integrated 
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Fig. 6. Response of a standard car with (heavy line) and without a tuned enclosure. 
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Fig. 7. Effect of a tuned enclosure (heavy line) in a compact car. 

cassette player. Low-level signals 
from the receiver are converted to 
sound by the four speaker modules. 
A typical module is shown in Fig. 8. 
One module is installed in the lower 
section of each front door, and the 
other two are installed in the rear 
package shelf. Each module con
tains three separate components: a 
reflex enclosure specifically de
signed for each car model, a helical
voice-coil wide-range speaker driv
er, and a 25-watt power amplifier, 
the latter using a new circuit that 
employs " two-state modulation," 
as discussed below. 

The amplifiers had to be small 
despite the 25-watt power output 
requirement. Furthermore, the car 

itself had to be assembled in such a 
way that no direct "heat sinking" 
to the car body was used to cool the 
amplifier. Known as two-state am
plifiers, these systems operate by 
switching very rapidly between two 
"states," with the output transis
tors either fully on or completely 
off. 

When a transistor is fully on, 
load current flows but no voltage 
appears across the transistor; hence 
no power is dissipated in the tran
sistor itself. When the transistor is 
off, voltage appears across it but no 
current flows, so again no power is 
dissipated. While this description 
also fits earlier "switching" or 
Class D amplifiers, one of the chief 
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differences is that earlier units op
erated in an "open loop" manner 
without any negative feedback. In 
this design, negative feedback is 
used to ensure flat response and low 
distortion, just as ip conventional 
high-fidelity solid-state amplifiers. 
Since virtually no power is dissipat
ed in the output stages of these am
plifiers, they are ideally suited to 
this new application. The on-off 
switching in a two-state amplifier is 
essentially cjigltal in nature, hence 
th~ designation "digital mode." 

In addition to power amplifica
tion, the active equalizatiion cir
cuits included with the amplifier 
provide the audio-signal processing 
needed to match the acoustic re
quirements of a specific model car 
with the requirements of a particu
lar location within the car. The sig-

Fig. 8. Speaker modules are designed 
for specific locations. 

nal processing circuits are actually 
different between the front and rear 
amplifiers. 

Check out this option in a 1983 
CadHlac SevHle or Eldorado, Buick 
Riviera, or Oldsmobile Toronado, 
the first cars to employ this inte
grated car stereo system. It may 
well shatter several myths and mis
conceptions concerning the limita
tions thought to be inherent in car 
stereo. <> 
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QUALITY parts at DISCOUNT PRICES 
AUTOM4TIC 
RECORD CHANGER 

" B,S,R. OOJOEL C136R/0"1,3 
X PLAYS H/~5/78 RECORDS 

COMPUTER 
GRADE ; 

CAPACITOR 
lt MINI SIZE: 8 l/4" ~ 12" 1700mfd 150VDC $2 00 

~~~t~L~~~~~~~ I!;~:: ~I;. .. 0H~Gi .. ..,;.;.,1;,;7;.;.50;;,;....;;Ndl;;,;. ;_o----5T.,EI"RE_;O.LN ... IT•(~NO .. T .... IN•C.;,LU~DED•)•. -I 6,4~V~· .l2JiQ . 

JOYS~T9K . . BLACK PLASTIC 1 3/B"o~ x • 1/4" - -

~~::: . ·.. . ~~~~.E.:i.:.~.~.~.r :~~~r~.~~~; 
~~~~~ 22,000mfd.15VDC 
POTS.$4.75•, •. '. 2"' O"IA X 2 1/2*.HIG~$2.00 

BLACK p!J\Snc ENCLOSUUC 22,000 mld.40V 

YAfiACTOR ~~T:~.~!.~~~: 2" DIA. X 6" HIGH -~ 
DIODBS 6.85"; DEPTH 8". BUILT- ~45~~~. ~~$3.50 

· IN. STANOOFFSFORP.C. 31000 fd15V0C 
88-103 3 FOR $1.00 BOAAOS FR<J'.T I'ID BAO< 1 °5/. 8" mDIA .X '·" HI $2.50 

~ 100 FOR $30.00 P~LS ... lT INCLUlED~. 72,000mld. 1SVOC . 

MV2205 3 FOR $1.00 l---$:0:5ii;i.2~5;;;iPE~R;;iiCAS~E':":"~~ 2" DIA. X'" HI GH sa.® 
100 FOR $30.00 ·II MFD 130 VOLT 

MI.TSUMI I" X ~/8" DIA. 
MODEL UE$-A55 '5* EACH ••. 10 FOR l•.oo 
VARACT.:u'~HI' . ~ 

:,Ro'<l_ ~~!z 170 laFD 330 V~T 
ANTEI'NA INPUT 1 1/2n X 7/8" 

300 Qtf-15 2..BlR...i!..2Q/10 FOR $7,00 

S25.00each 600 laFD 380 VOLT 
for $220.00 3 31'" HIGH X "!" DIA. 

J~:rsr:!:S 
2 718"LG. _ linear taper 
r 3/~" TRAVEL ~ 

~ 10 FOR $9.00 

~ 
750 ~ 330 VOLT 

2" 1-ilGH X 1 3/~" 
~ 10 FOR Sll,OO 

COMPUTaR QRADa 
~APACITOR SPECIAL 
1BO,ooo·mtd. at sv 
21./1 DIA" X '+'i" HIGH $1.50 

ClAMP$.TO FIT CAPACITORS SOC ••· 

DC WALL 
RANSFORMIER 

LL ARE 115VAC 
PLUG IN . 

4 VOC at 70MA $2.50 
5.8 VDC at .125 MA $ 2.50 
9 VDC ot 100 MA $2.00 
a voC at 225 MA s 3.00 
22 VDC at 60 MA, $2.50 

TRANSFOR-RS 
120volt . ~-
primaries~ 

5.6 VOLTS at 750MA $3.00 
8 VOLTS at 150 mA $1.25 
18.5 ·v. ot 3 AMPS $8.50 
18 vous iot 350 I!A $2.00 
18 VOLTS ot1 AMP $4.50 
18 V.C:t at 2 AMP $5.50 
24 VOLTS at 250 rna $2.50 
28 VCT at 3.6 AMP $8.50 
35 V.C:T; at 1 AMP $3.50 
42 v.c:r. at 1.~ AMP S4.50 
65 V.C.T. at 2 AMP $5.50 

L.E~D!s ~ 
STANDARD J-UMBO 

DII'I'USaD· 
RED 10 FOR 1. 50 

GREEN 10 FOR ~2.00 
Y:t'AO:H~ORF~ i2D o'llt 

~ 
5 VOLT OPERATION ~ 

REO JUMBO SIZE 
$1.00 EACH . 

81 POLAR LaD 
2 FOR $1.70 

SUB Mle. LaD RED 

.o7t" x .oae• 10 FOR 
20mA at1.75Y ~ 

200 FOR $18.00 

a• LINB CORD 
SJTM/~· • 
18 - 3 

ROlND GRAY 

$2.00 EACHIO FOR $18.50 

FREE! SEND FOR OUR NEW rim!J 40 PAGE CATALOG FR££:1 

SOLDERTAI L (P. C. STYLE) 
~ 10 FO~ $22.50 

~2/44 nll!l 
SOLOERTAIL (P.C. STYLE) 
$1.35 EA 10 FOR $12.50 

22/44GOLD 

-4PDT 
• t4pi"''' .. 
• 3•mpcCN'IIKII 
•24.oltd.C.ot 

t:Z0\'04t • . c . co.• 
• UIM bullwlty lntM 

i1 WATT STaR•o AMP · 
ASSEMBLY INCLOOES 'v'OU..ME, BALANCE AND T~E CONTROLS, 
CERAMIC f't-O.IE INPUT, Ll f'IE INPUT fJK) 8 Otf1 OUTPUT FOR 

sf'EAK:.ER OR ~s. 
OPERATES et.l 12 VAC @ ~OOMA, 

OUR ABOVE 12 VOLT TRANSF0 Rt-'£R 
IS I~L FOR THIS APPLICATICJ.I 

13 VDC R•LAY 
cOOPCT; S. P. N. C. 
10-@ 120 VAC 
ENERGIZE COIL TO 
OPEN CG'ITPCT • •• • 

OIL: 13 VDC 650 <H1S 
SPECIAL 

LIGHTBD 
PUSH .BUTTON O.RED LIGHTED i 20' VAC 

10 !Jn>. S. P . S .T. 
"POWER" PRINTED CN 
FACE . Kl.NTS IN . 
7/811 SQUARE HOLE . • 
$1.50 EA 10/ $13 .50 

BR,..aNJ NEW l.NITS •• . 
ASSE113L Y 1 NCLUDES; 
TAPE HEAD, "''TOR BELT, 
llOVAC fo()TOR, PRE-AI-F, 
LIGHTS, SWITCHES , 
SOLENOID AND OTHER 
USEFUL PARTS ••• • 
AN- EXCEPTI<J.&AL BUY! 
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