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CHECK OUR SPECS 
BEFORE YOU BUY THESE 
4 CHANNEL RECEIVER 

Sylvania Pioneer Sansui Fisher 
Harman-
Kardon Marantz 

Model 

Continuous (RMS) 
Power1 

4 channels 
Stereo Bridge 

THD at rated output 

IM Distortion at 
rated output 

FM IHF Sensitivity 

50 db signal to 
noise ratio 

Capture Ratio 

Price 

RQ 3748 

50Wx4 
125Wx2 

<0.5% 

<0.5% 

1.9M v 

2.8MV 

1.5db 

S549.952 

!?,ke." 3t 120™»s/S0cycles, 8 ohms, 20Hz.20kHz, all channels driven simultaneous: 
Manufacturer s suggested list price which may be higher in some areas. 

I f  you ' re  in  the  market  fo r  four  channe l ,  you 
a l ready know you 've  got  to  spend a  good b i t  o f  
cash fo r  a  rece iver .  So i t 'd  be  a  good idea to  
spend a  good b i t  o f  t ime check ing specs on 
every th ing  ava i lab le  jus t  to  make sure  you get  
the  most  fo r  your  money.  

To make your  search a  l i t t le  eas ier ,  we 've  
prepared the  b lank  compar ison char t  above 
wi th  spaces fo r  some of  the  best -known brands 
and most  impor tant  specs .  Jus t  take i t  w i th  you 
to  the  s tore ,  f i l l  i t  in ,  and you ' l l  be  ab le  to  te l l  
a t  a  g lance what  you get  fo r  what  you pay.  

We took  the  l iber ty  o f  f i l l i ng  in  the  Sy lvan ia  
co lumn wi th  specs fo r  our  RQ3748 four  channe l  
rece iver .  We d id  i t  because we know we ' re  no t  
the  best -known name in  four  channe l ,  and we 
d idn ' t  want  you to  over look  us  fo r  tha t  reason.  

Because we th ink  the  RQ3748 's  specs 
are  rea l ly  wor th  remember ing .  

50  wat ts  o f  RMS power  per  channe l  a t  8  
ohms,  20-20kHz,  w i th  a l l  four  channe ls  
dr iven.  125 wat ts  perchanne l  in  s tereo br idge 
mode.  A THD and IM of  less  than 0 .5% a t  
ra ted output .  An FM sens i t i v i ty  o f  1 .9  micro­
vo l ts .  A  d iscre te  four  channe l  rece iver  w i th  

mat r ix  capab i l i t ies  so  you can use e i ther  type o  
quadraphon ic  mater ia l .  And much,  much more.  

We can o f fe r  so  much because we have so  
much exper ience.  We were  one o f  the  f i rs t  in  the  
aud io  f ie ld .  And now we ' re  app ly ing  a l l  our  knowl ­
edge,  a l l  our  eng ineer ing  sk i l l  to  four  channe l .  

Once you 've  proven to  yourse l f  wh ich  rece iver  
has  the  best  specs ,  move on down to  tha t  las t  
l ine  in  the  char t  and compare Sy lvan ia 's  p r ice  
w i th  a l l  the  o thers .  F ind  out  wh ich  one g ives  the  
most  fo r  your  money.  

We fee l  p re t ty  conf ident  you ' l l  d iscover  tha t  
the  best -known names aren ' t  necessar i l y  your  
bes t  buy .  

3So much more that it won't all fit here. So send us a stamped, self-
a ressed envelope and we'll send you a four-page brochure on our 
tour channel receivers. 

HTT3 SVLVANIA 
Sylvania Entertainment 

Products Group, Batavia, N.Y. 
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We're more 
than a computer company, 
we're a people company. 

We don't just have scientists and programmers 
and engineers at IBM. Our people do hundreds of 
different jobs. In hundreds of different locations. 
But no matter what they do or where they work, 
they all have one thing in common. The desire to 
help. To help customers solve problems and im­
prove their work. To help each other. And to help 
their communities. 

At IBM, were people helping people find the 
answers. Because helping is what our business, 
the information-handling business, is all about 

IBM 
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LETTERS 

Final Breathes 

The ASUC Senate spent a great deal 
of time this past year considering 
students for appointments to the five 
Joint Boards and the Court of Appeals. 
It was not uncommon to spend three 
weeks discussing the applicants for 
each appointment. In fact, it took five 
weeks to appoint two Justices to the 
Court. 

The past year began with a walk-out 
from the meeting by Student Rights 
Organization (SRO) members and 
their sympathizers, which included 
both engineering senators. This was 
prompted by the Senate's refusal to 
count the votes of seven referenda 
which appeared on last Fall's student 
ballot. A legal battle followed and the 
Court of Appeals decided to give the 
ballots to SRO. They were permitted to 
count the ballots and use the results as 
an unofficial opinion poll. The results 
of the poll were inconclusive. 

The next milestone of the Senate was 
the endorsement of the Boulder Abor­
tion Clinic. The endorsement saw three 
weeks of debate by both Senators and 
interested students who sat in and 
watched the show. Based on the idea 
that abortion is an individual question 
which only the individual can answer, 
the endorsement was approved. 

Perhaps the most constructive action 
of the Senate was changing the voting 
system from "bullet balloting" to 
single transferable voting. Senator Joel 
Davis spent many months researching 
several voting systems, and the latter 
seemed the fairest. Instead of just 
marking an "X" on the ballot, a stu­
dent ranks each candidate in order of 
preference. The winners are determined 
from a detailed tallying system, which 
is clearly defined in the Election Code. 

The concept of non-mandatory fun­
ding for student groups, ASUC, and 
other fee grabbers brought student 
government back into the interest of 
the student. The Senate meeting room 
was packed with members of most stu­
dent groups. Verbal jabs were ex­
changed for more than an hour before 
the voting finally began. The result was 
a continuation of status quo; the stu­
dent has no direct control over fee 
allocations, the student government 
will continue to distribute them. 

The last constructive action the 
Senate took was to put a lettuce 

boycott referendum on the Spring 
ballot. However, the vote has no legal 
significance, it just becomes another 
opinion poll. Dean Quigley told me the 
poll can be regarded as consumer feed­
back. He will continue to buy lettuce 
from the open market, the quantity-
depending on how much lettuce the 
students eat. 

Student group budgets consumed the 
final impotent weeks of the ASUC 
Senate. Only once in its last six weeks 
did the Senate manage to reach 
quorum, and both engineering senators 
were present. Consequently, the budget 
requests were sent to the small group of 
people who compromise the Finance 
Board. The members had been ap­
pointed to this Board by the Senate last 
year. They will send their budget 
recommendations to the Board of 
Regents for final approval. 

ASUC died on May 2, 1974. It was 
replaced by the University of Colorado 
Student Union (UCSU), which was 
accepted by the students in the Spring 
elections. THE UCSU Executive 
Council replaced the ASUC Senate. 
The Constitution still has a few holes in 
it, and the new government should 
have some fun with it. 

Perhaps student politics is not too 
productive, which is a claim we have all 

made. Getting personally involved can 
become depressing when you finally 
realize that you cannot change all those 
screwed up obstacles. Everyone cannot 
share the same opinions. If you can 
keep your sense of humor, student 
government can become an unmatched 
experience in personal interaction. It 
has been very trying many times this 
past year, but I survived and I think it 
was almost worth it. 

Charlie Czarniecki 
ASUC Engineering Senator 

Kudos 

I wish to compliment you and your 
staff on the excellent job that was done 
on the March issue. The format, 
layout, article content and even the 
advertisements strike me as being that 
of a first-class professional magazine. 
Please keep up the outstanding work, 
especially the high quality of your ar­
ticles. 

Jeffry Scott 
Baker Hall 

What is this? 

TEAM 

find out at: 
3275 28th., Boulder, Colo. 80302 447-2368 

ELECTRONICS 
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DO LECTURES BORE YOU? WAIT UNTIL YOU HAVE THEM IN THE NEW. . . 

FISKE PLANETARIUM 

by Walt Cranor 

Back in March of this year the west 
end of Observatory Hill suddenly 
moved around to the north side of the 
ridge. This earthmoving marked the 
beginning of one of the most exciting 
projects on the University of Colorado 
campus - the new Fiske Planetarium. 
This facility promises to be one of the 
finest in the nation; an architectural 
landmark with a geodesic dome top­
ping wide public terraces. 

The late Wallace Fiske, 1917 history 
graduate of CU, gave 1.3 million 
dollars to the University to build and 
operate the planetarium. Fiske 
attended the University of Denver law 
school and was a practicing attorney 
for many years. Fiske's gift to CU also 
included' S450,000 for the College of 
Music. 

The planetarium was designed by the 
architectural firm of Marvin Hatami 
and Associates. The principal contrac­
tor is the Newstrom-Davis Construc­
tion Company. Several other area 
engineering firms will have roles in the 
project including McFall and Konkel, 
Swanson-Rink, and KKBNA. 

The screen for the Fiske Planetarium 
will be a hemispherical dome 65 feet in 
diameter, which will be the sixth largest 
planetarium screen in the United 
States. The star projector is a Zeiss 
Model VI from the Carl Zeiss Co. The 
Model VI is the top model made by 
Zeiss, one of six in the United States. 
The planetarium will contain between 
four and five hundred slide projectors 
as well as several motion picture pro­
jectors, capable of producing an ex­

citing range of visual effects. The sound 
system will feature an elaborate dis­
crete four channel sound from speakers 
custom designed for the planetarium. 
Sound tracks will be prerecorded on 
professional studio tape machines 
enabling maximum flexibility with 
minimum setup time. Perhaps the most 
unique feature of the Fiske 
Planetarium will be the instrument 
elevator. The star projector will be 
mounted on a hydralic platform that 
will disappear below the floor. 

The excavation for the Fiske 
Planetarium has prompted much 
speculation. The excavated material 
was hauled around to the north end of 
the ridge on Observatory Hill for two 
reasons. The first consideration was 
financial—it was less expensive to 
move the dirt than to haul it away and 
sell it as fill. The second purpose for 
placing the dirt on the ridge was to 
provide a base for landscaping. Since 
the earth removed contains shale, 
which expands and contracts with 
changes in moisture content, it was un­
suitable for backfill needed at the 
building site. So, fill dirt was purchased 
and is being stored in a large pile on the 
top of the ridge. When construction of 
the walls is complete, the fill dirt will be 
used to return the profile of the hill to 
approximately its original shape. 

Beneath the soil, the bedrock is a 
layer of harder shale between 6 and 18 
feet down. The shaft for the instrument 
elevator goes into bedrock to a depth 
of 24 feet. The casing for the lift 
cylinder penetrates bedrock to a depth 
of 48 feet. Since the soil at floor level is 
insufficiently hard to be considered 
bedrock, caisons were placed reaching 
6 feet into bedrock to attain sufficient 
load bearing capacity to carry the sup­
porting walls and columns. The 

primary supporting wall a circular wall 
25 feet high, forming a circle 75' 4" in 
diameter and resting on caisons placed 
every 22 feet around its circumference. 
Caisons were also utilized to form a 
temporary retaining structure for the 
excavation of the elevator shaft. 

The body of the planetarium will be 
reinforced concrete cast in place. A 
massive single set of forms will be used 
to pour the circular wall which encloses 
the planetarium chamber. Following 
the pouring of the walls and columns, 
the beams and ceilings will be poured. 
The form work for this step is a rather 
formidable task, since a temporary 
superstructure must be provided under 
the forms capable of carrying the load 
of the uncured concrete plus any ad­
ditional load applied before the con­
crete is cured. The finish floor will be 
poured on the level of the current ex­
cavation. A portion of the building has 
a second story, and this slab will be 
poured along with the ceiling slabs on 
top of the beams after the beams have 
cured. 

Construction of the instrument 
elevator shaft and placement of the lift 
cylinder pose another unusual con­
struction problem. The elevator shaft 
will be built in a hole 20 x 20 feet and 
25 feet deep. When construction of the 
shaft is complete, a 6 foot deep caison 
will be poured in the bottom of the lift 
casing. The lift cylinder will be set on 
top of this and anchored in place by 
sand placed around the cylinder. The 
platform which forms the base for the 
star projector will then be constructed 
on the lift cylinder. 

The outer dome is an aluminum 
geodesic dome being manufactured in 
California by the Tencor Co. It will be 
shipped to the site in sections and 
assembled on site. Until complete, the 
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This photograph of the model shows the Fiske Planetarium as it will appear when completed. 

studio 

oft ice 

office 

gallery 

lounge-library 

Floor plan for the planetarium. 
Marvin Hatami Assoc. 
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s ec t i on s  w i l l  b e  sup po r t ed  i n  t he  cen t e r  
by  an  80  foo t  e r ec t i o n  mas t .  The  dome  
wi l l  r e s t  on  a  l ed ge  can t i l eve r ed  f r om 
the  ma in  suppo r t i n g  wa l l .  

The  i n n e r  dome  wi l l  b e  su sp en d ed  
be low  the  geodes i c  dome ,  and  wi l l  b e  a  
he mi sphe re  65  f ee t  i n  d i ame te r ,  t he  i n ­
n e r  su r f ace  be i ng  t he  p l a ne t a r i um 
s c r een .  The  suppo r t i ng  s t r uc tu r e  f o r  
t he  s c r een  i s  p rov ided  by  52  r ad i a l  
a l uminum f in s  p l aced  a t  6 °  54"  24"  i n ­
t e rva l s .  These  r i b s  w i l l  b e  j o i ne d  a t  t he  
t op  by  a  c om pre s s ion  r i ng ,  and  a r e  
he ld  i n  p l ace  a t  t he  bo t t om by  a  t e ns ion  
r i ng .  The  sc r een  w i l l  a t t a ch  t o  t h i s  
s t r uc t u r e  and  i s  made  up  o f  pe r fo r a t ed  
a luminum shee t s .  

S ince  a  dome  i s  one  o f  t he  mos t  d i f ­
f i cu l t  s hapes  t o  wor k  w i th  a ccous t i c a l -
l y ,  much  r e sea r ch  ha s  gone  i n to  de t e r ­
min ing  me thods  o f  r educ ing  t h e  e cho  
and  t h e  focus ing  e f f e c t  a  d o m e  
p rodu c e s .  The  pe r fo r a t ed  s c r een  a l l ow  
90% o f  i nc iden t  sou n d  t o  pa s s  t h rough ,  
r educ ing  t he  e c ho  in s ide  t he  i nne r  
dome .  A l so ,  t he  i nne r  d o m e  i s  
de l i be r a t e ly  p l aced  o f f  c en t e r  w i th  

ro l e  i n  phys i c s  and  a s t rophys i c s .  A l so ,  
w i th  t he  s t a r  p ro j ec to r  i n  i t s  l owered  
pos i t i on  a nd  t he  t e mpora ry  s t age  i n  
p l ace ,  t h e  p l ane t a r i um a s sumes  a  new  
d i m ens ion  a s  a  t hea t e r  i n  t he  round  fo r  
p l ay s ,  sma l l  i n s t r umen ta l  g roups  a nd  
c ha mber  mus i c .  

T h e  p l ane t a r i um bu i l d ing  a l so  con ­
t a in s  a  va r i e t y  o f  o the r  space s .  Seve r a l  
o f f i c e s  and  a  sma l l  l i b r a r y  a r e  l oca t ed  
a lo n g  t he  sou th  s i de  o f  t he  bu i l d ing .  
The  l i b r a r y  w i l l  b e  u sed  p r im a r i l y  f o r  
t h e  s t o r age  o f  shows  and  ba c kup  
ma t e r i a l .  The  o f f i c e s  w i l l  house  t he  
d i r ec t o r  and  h i s  t e chn i ca l  a s s i s t an t s .  
The  w es t  s i de  o f  t he  bu i l d i ng  i s  p r i ma r i ­
l y  a  mu l t i p u rp o se  l obby .  Th i s  l obby  
wi l l  b e  equ ipped  t o  s e rve  a s  o n e  l a r ge  
ga l l e ry  o r  pa r t i t i oned  i n to  s eve ra l  
sma l l e r  ga l l e r i e s  f o r  p l ane t a r i um ex ­
h ib i t s  o r  f i ne  a r t s  d i sp l ays .  The  fu l l  
po t en t i a l  o f  t h i s  a r ea  wi l l  on ly  be  
r e a l i z e d  a f t e r  t he  bu i l d i ng  i s  i n  u se .  
A d j a c e n t  t o  t he  p l ane t a r i um chamber  
on  t he  no r th  a r e  w orkshops  t o  a s sem­
b l e  equ i p men t ,  s l i de s ,  a nd  v i su a l  e f f ec t s  
w h i c h  make  up  a  show.  The  seco n d  

t he  r ange  o f  aud ib l e  sou n d  and  c a n  
on l y  be  f e l t .  I t  p romi se s  t r emen d o u s  
e f f ec t s  f o r  t hunde r  a nd  ea r t h q u ak es .  

The  s t a r  p ro j ec to r  c on t a in s  s l i gh t l y  
ove r  200  p ro j ec t i ons  sy s t ems  and  o f f e r s  
a lmos t  l im i t l e s s  pos s ib i l i t i e s .  Pano rama  
p ro j ec t o r s  w i l l  b e  p l aced  a r ound  t h e  
pe r ime t e r  o f  t he  dome  to  p rov ide  a  
360°  pano rama  o f  t he  ho r i zon .  The re  
wi l l  a l s o  be  a  s e t  o f  p ro j ec to r s  t o  make  
a  t w o  by  t h r ee  ma t r i x  o f  s epa ra t e  im­
ages ,  wh ich  can  be  f aded  and  changed  
i ndependen t l y .  Ano the r  sy s t em 
p rov ide s  images  p ro j ec t ed  r an ­
domly  anywhe re  on  t he  dome .  Ano the r  
sy s t em o f  zoom p r o j ec to r s  w i l l  s imu la t e  
mov ing  ob j ec t s .  

The  de s ign  o f  t he  con t ro l  sy s t em  was  
t he  m os t  d i f f i cu l t  p rob l em t o  b e  ove r ­
come .  Af t e r  s eve ra l  mon ths  o f  b r a in  
s t o rm in g ,  J ames  S h a r p ,  p l a n e t a r i u m 
t echn i ca l  d i r ec t o r ,  de v i s ed  a  r eco rd ing  
sy s t em u s in g  a  ma t r i x  o f  a ud ib l e  t ones .  
I n  e ach  o f  t he  fou r  channe l s ,  24  aud ib l e  
t ones  a r e  u sed ,  10  f o r  t he  ro w s ,  10  fo r  
t he  co lumns ,  a nd  4  fo r  d i mmer  c on ­
t ro l s .  Thus  when  an y  one  o f  t h e  100  
bu t t ons  o f  t he  10  x  10  ma t r i x  i s  p r e s se d ,  
two  a ud ib l e  t ones  a r e  s e n t  t o  t h e  
ma t r i x .  A t  t he  sw i t ch  ma t r i x ,  de c ode r s  
i s o l a t e  t he  l i ne  and  co lum n  tones  and  
ope ra t e  t he  p rope r  p ro j ec to r  sw i t c h .  
The  end  r e su l t  i s  4 0 0  sw i t chab l e  f unc ­
t i ons  w i th  on ly  20  t ones .  The  r ema in ing  
fou r  a ud ib l e  t ones  a r e  u sed  a s  d immer  
commands .  The  d imming  command  i s  
a ch i eved  by  va ry ing  t he  i n t ens i t y  o f  t h e  
t one .  A  de c ode r  s i ng l e s  ou t  i t s  t one  and  
c r e a t e s  a  D .C .  vo l t age  va ry ing  f rom 0  
t o  10  vo l t s  @ 3m.a .  p ropo r t i ona l  t o  t he  
i n t ens i t y  o f  t he  t one .  Th i s  D .C .  vo l t age  
i s  t h e  ac tua l  con t ro l  f o r  t h e  d imme r .  
The  ou tpu t  f r om the  d im m e r  i s  t h en  
pu t  t h rough  t he  d immi n g  s e l ec to r  
r e l ays  whe re  each  d imm er  c a n  b e  
p l aced  on  o n e  o r  more  o f  1 0  ou tpu t  c i r ­
c u i t s .  These  80  power  sou rce s  a r e  f e d  
i n to  a n  80  x  120  pa t ch  pa ne l .  The  ou t ­
pu t  o f  t he  c ro s spa t ch  pane l  i s  con ­
nec t ed  t o  120  ou t l e t s  i n  t he  pe r ime t e r  o f  
t he  dome .  On  each  o f  t he  120  c i r cu i t s  i s  
an  80  pos i t i on  s l i de  sw i t ch  so  t ha t  an )  
one  ou t l e t  c a n  be  connec t ed  t o  any  
d immer  c i r cu i t .  The  r e ma in ing  e igh t  
d immers  a r e  w i r e d  t o  p r ea s s igned  func ­
t i ons ,  two  fo r  house  l i gh t s ,  f ou r  f o r  t he  
zoom p ro j ec t o r s ,  a nd  t he  o the r  t wo  t o  
t he  pa no r a m a  p r o j e c to r s .  
COLORADOENGINEERCOLORADOENGINEERCOLORADOENGINE 

W a l t e r  C rano r  i s  a  sophomore  in  
Arch i t e c t u r a l  Eng inee r i ng .  He  i s  o n e  o f  
t he  f ew  s t uden t s  i n  t he  Co l l ege  o f  
Eng inee r i ng  t o  f l unk  ou t  and  r e tu rn  
a f t e r  a  yea r  t o  t r y  ag a in .  Ac t i ve  i n  ou t ­
doo r  spo r t s ,  h i s  l a t e s t  p ro j ec t  was  
bu i l d ing  a  c onc r e t e  c anoe  fo r  E -Days .  

r e spec t  t o  t he  ou t e r  dome  t o  p roduce  
de s t ruc t i ve  i n t e r f e r ence  i n  t he  
t r an sm i t t ed  sound ,  and  s ince  a  geodes i c  
dome  i s  compo sed  o f  many  sma l l  
p l a nes  a t  d i f f e r en t  a ng l e s ,  t h e  sound  i s  
f u r t he r  s ca t t e r ed  and  abso rbed  by  ac -
cous t i c a l  i n su l a t i on  on  t h e  ou t e r  dom e .  
In  add i t i on ,  t he  wa l l s  and  f l oo r s  w i l l  b e  
c a rpe t ed  and  t he  s ea t s  w i l l  b e  cove red  
w i th  s ound  abs o rb ing  ma te r i a l  t o  
fu r t he r  r educe  t he  no i s e  l eve l  w i th in  t he  
c h ambe r .  

A  p l a ne t a r i um i s  gene r a l l y  t hough t  o l  
a s  j u s t  a  t hea t e r  w h e r e  a s t r onomy  
shows  a r e  v i ew ed .  T h i s  w i l l  no t  be  t he  
c a se  w i th  t he  ve r s a t i l e  F i ske  
P l ane t a r i um.  S tud i e s  suc h  a s  Eng l i s h ,  
b i o logy  and  mus i c  w i l l  b e  enhanced  
t h rough  t h e  u se  o f  t he  p l ane t a r i um.  
Fo r  examp le ,  a  p rog ram on  
S tonehenge  wou ld  b e  u se fu l  i n  h i s t o ry ,  
an th ropo logy ,  a r chae o l ogy  and  
Eng l i sh  l e c tu r e s .  Much  o f  b io logy  i s  
r e l a t ed  t o  moon  cyc l e s  and  o the r  
na tu r a l  phe nome na  i l l u s t r a t ab l e  w i th  
p l ane t a r i um shows .  Na tu r a l l y ,  t he  
p l ane t a r i um w i l l  p l ay  an  i m por t an t  

Marvin Hatami Assoc. 

f l oo r ,  on  t he  e a s t  s i de  o f  t he  bu i l d ing ,  
house s  two  a s t r o n o my  l abs  and  two  
da rk rooms .  

The  thea t e r  f e a tu r e s  d i s c r e t e  f ou r  
channe l  sound  wi th  f ou r  speake r s  
p l aced  a t  90°  i n t e rva l s  a round  the  ba se  
o f  t h e  dome  beh ind  t he  s c r een .  The  
sound  sys t em con t a in s  a  pha n t om f i f t h  
channe l ,  l oca t ed  a t  t he  zen i t h  o f  t he  
dome .  U nde r  no rma l  o mn id i r ec t i o n a l  
sound  co n d i t i o n s  t h i s  channe l  w i l l  p l ay  
a t  2 / 3  t he  vo lume  o f  e a c h  channe l  and  
w i l l  u t i l i z e  t he  su m o f  t he  fou r  
cha nne l s .  When  d i r ec t i o n a l  so u n d  i s  
d e s i r ed ,  t he  f i f t h  channe l  w i l l  b e  
r educed  in  vo l um e  p ropo r t i ona l l y  and  
w i l l  emphas i ze  t he  c ha nne l  be i ng  u sed  
in  t h e  d i r ec t i o n a l  e f f ec t .  The  p rog ra m 
sound  t r a ck  i s  c a r r i ed  on  a  s epa ra t e  
sound  sys t em f rom tha t  o f  t he  P .A .  
sy s t em.  The re  i s  ye t  ano the r  un ique  
f ea tu r e  o f  t he  so u n d  sys t em in  t he  
p l an e t a r i um wh ich  mer i t s  m en t i on .  I t  
cou ld  a lmos t  be  cons ide r ed  a  s i x th  
channe l .  The  super -woo fer  goe s  b e lo w  
19  Hz  and  p rov ide s  a n  o mn id i r ec t i o n a l  
ba s s  wh i ch ,  a t  i t s  l owes t ,  goe s  be low  
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have that little beauty 

making very specialized equipment 
for the oil industry. 

We make wellhead flow control 
assemblies designed to work at 
record depths under the sea in 
recovering oil from pools that were 
once considered out of reach. 

We make tanker-loading systems 
that help move oil to wherever it's 
needed, fast. 

We're even building intercoastal 
oil tankers.These."handy size" 
vessels are driven by gas turbines 
and are built on a new concept that 
may revolutionize tanker design. 

We also make agricultural and 
industrial chemicals, food producing 
and processing equipment, sewage 
and water treatment systems, mining 
equipment, conveyors and over 
10,000 other things. 

Beating the fuel shortage 
is one of our major concerns, but 
it is not our only concern. 

See us on campus or write for 
further information. FMC Corporation, 
One Illinois Center, 111 East Wacker 
Drive, Chicago, Illinois 60601. 
An Equal Opportunity Employer. 

-FMC 

Someday we could 
running on coal. 
The shortage of gasoline in this 
country is driving car owners crazy. 

Unfortunately, that's about the 
only place it's driving them. 

Things are getting tough. 
Petroleum products are getting more 
expensive. Or worse, they're 
vanishing, it's a serious problem. 

And FMC is doing something 
about it right now. 

The United States has the largest 
reserve of coal in the world, enough 
to last hundreds of years, even at 
a much accelerated rate of use. 
And, at a pilot plant in Princeton, 
New Jersey, we're turning coal into 
synthetic crude oil, which is refined 
into gasoline, and char, which is 
refined into pipeline gas. 

We can't claim to be the only 
ones working on this tricky 
conversion. There are others. But 
according to Fortune Magazine, 
we're the most successful. In fact, if 
things go according to plan, we 
could have a commercial plant in 
operation by the end of the 1970's. 

But that's the future. To help 
meet today's energy demands, we're 



NEWS intheCU 
Col lege of  Engineer ing 

FACULTY RECEIVES AWARDS 

An award from the Rocky Mountain 
Chapter of the National Electric Con­
tractors was conferred upon a civil and 
environmental engineering professor in 
observance of National Electric Week. 

The engineer is Dr. Ronald N. 
Helms, whose illumination laboratory 
is one of the very few of its kind in uni­
versities anywhere. The laboratory is 
unique in that it deals with lighting 
from the point of view of eye comfort 
and effective vision rather than of light-
emitting devices. 

Five other Coloradoans who also 
received the "big ring" award of socie­
ty all were either electrical engineers or 
involved in industry. 

The President's Award of the 
University of Colorado chapter of Tau 
Beta Pi, national engineering honorary 
society, was conferred April 21 upon 
Associate Dean of Engineering George 
J. Maler. His award cites him for his 
outstanding guidance and 
counselorship. 

BUS TIRE RESEARCH 
A University of Colorado engineer­

ing research team will be racing against 
spring weather in the high country in 
an effort to gather data about the skid 
characteristics of school bus tires. 

A 60-passenger bus will be tested 
both for stopping power and for pull­
ing power, using conventional tires, 
mud and snow tires, and chains on dry, 
wet, snowy, and icy road surfaces. Its 
performance on both paved and 
graveled surfaces will be checked. 

The study is being undertaken at the 
request of the Board of Education of 
Boulder Valley School District RE2, 
which is supplying the vehicles and 
drivers and paying the costs of the 
research. Dr. Don R. Mosher of the 
Department of Mechanical Engineer­
ing and Professor Richard H. Craw­
ford of the Department of Engineering 
Design and Economic Evaluation are 
directing the work, with the coopera­
tion of Dr. Barnard D. Ryan, 
superintendent of schools, and 
Lawrence Skinner, the district's direc­
tor of transportation. 

Explained Dr. Mosher, the principal 

investigator, "The major volume of 
pupil transportation in the district is in 
the high plains. A small fraction, 
however, involves students who live in 
the mountains and foothills at 
elevations up to 9.000 feet. A bus ser­
ving these areas may in a single run en­
counter a near-complete spectrum of 
road conditions: dry pavement or 
gravel, wet snow, packed snow, powder 
snow, and ice." 

"The object of the district and our 
project is to facilitate the safe operation 
of buses under these diverse conditions. 
This depends in large part on the use of 
tires with the correct tread or with 
effective chains. Good data on what 
constitutes correct equipment has not 
been generally available. Some ex­
perienced bus drivers, for example, 
have expressed the belief that at lower 
temperatures the use of chains may ac­
tually be disadvantageous." 

There is a compelling need to con­
duct such tests with typical school 
buses," said Professor Richard H. 
Crawford, co-investigator of the pro­
ject. 

"There have been limited tests to 
evaluate passenger car performance on 
glare ice at temperatures somewhat 
below freezing, but, although they 
provide valuable guidelines, there is 
reason to question their broad 
applicability," Professor Crawford 
said. 

The tests will be carried out with 
specially instrumented drawbars, link­
ing the bus to a six-wheel-drive truck 
owned by the school district. The bus 
will be weighted to simulate a full load 
of passengers. As the truck drags the 
bus forward, recording instruments in 
the cab will measure the amount of 
force required to make the wheels skid 
under various combinations of con­
ditions. With the bus pulling the truck, 
the amount of resistance needed to 
make the wheels spin can be measured. 

The project is designed to produce a 
report that will give school transporta­
tion directors like Lawrence Skinner 
better grounds for deciding when to 
have chains mounted, to what extent 
studs improve the performance of mud 
and snow tires, and under what 
weather conditions buses might be ex­
pected to have serious difficulties. 

SOME SOLAR HEATING OBSOLETE 

The sun's energy can become an im­
portant source of heat for buildings, 
and the heat pump will probably play 
an important role in utilizing it. but 
"there are a lot of people trying to sell 
systems that didn't work very well in 
the Fifties; you should require a perfor­
mance bond for any system you in­
stall." 

That assessment is made by an 
engineering faculty member of the 
University of Colorado w ho serves as a 
consultant on solar energy to the 
RANN Division of the National 
Science Foundation. The NSF's 
RANN Division is concerned with 
research applied to national needs. Dr. 
Frank Kreith, professor of chemical 
engineering, is internationally 
recognized for his work in heat and 
mass transfer. He is currently revising 
his book, written in 1963, on the design 
of solar energy systems. 

"A standardized acceptance code for 
solar heating units and heat pumps is 
urgently needed," Dr. Kreith said. 
"When you buy a gas furnace it is 
labeled 'this is a 60,000 B.T.U. unit.' 
It's not quite that simple for solar 
systems, but an acceptance code is 
needed." 

There is a "Catch-22" situation now 
holding back solar installations, he ex­
plained. "Often you can't borrow 
money on a solar heated building 
because it doesn't conform to the 
building code, and there is no building 
code for it because there are not 
enough solar heated buildings on 
which to base one." 

Dr. Kreith is working with city of­
ficials of Boulder, Colorado, on plans 
for a building code for solar heating 
systems, and hopes that engineers and 
architects can develop nationally 
recognized acceptances and codes. 

In those areas of the nation that 
receive average sunlight, Dr. Kreith 
believes that partial solar heating with 
flat-plate collectors can become 
economically feasible. "My hope is 
that a stationary reflector type system 
can be evolved," he said. A unit 
providing a temperature of 500 degrees 
fahrenheit could supply heat to power 
a properly designed absorption 
refrigeration system for air con­
ditioning, and 500 to 550 degrees 
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You don't have to sacrifice 
critical properties for workability 

With cast-steel you don't have to sacrifice critical 
properties like abrasion resistance just to get ma-
chinability or formability ... Any steel composition 
can be cast directly to shape. 

In this gyratory crusher, standing up to rough 
taconite and hematite ores meant using a difficult-
to-work high carbon steel. Casting the critical spi­
der arms not only eliminated machining and form­
ing problems, but made an exceptionally rigid 
hollow box design economically feasible. . . . 
Seven other major components were also made 
of cast-steel—each composition selected for a 
specific job without compromise for working 
characteristics. 

You can specify cast-steel components in com­
positions which are difficult or even impossible to 
machine, forge or weld. Whether you need hard­
ness, toughness, resistance to heat and corrosion, 
or what-have-you, cast-steel frees you to choose the 
best composition and shape for design require­
ments. 

Want to know more about cast-steel? We're offer-
l individual students free subscriptions to our 

quarterly publication "CASTEEL" ... Clubs and 
other groups can obtain our sound film "Engi­
neering Flexibility." Write: Steel Founders' Society 
of America, Cast Metals Federation Building, 20611 
Center Ridge Road, Rocky River, Ohio 44116. 

STEEL FOUNDERS' SOCIETY OF AMERICA 

Cast-Steel 
for Engineering Flexibility 
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Army ROTC 

TWO-YEAR PROGRAM 

ENGINEERS: ADD ARMY ROTC TO YOUR COLLEGE CAREER. CONSIDER 
THE TWO-YEAR PROGRAM AT THE UNIVERSITY OF COLORADO. ENROLL 
NOW FOR FALL 1974. 

• Army ROTC usually takes four years 
of college. But you can do it in two. 
and receive $100.00 per month for the two years. 

® You can have the opportunity to 
compete for a full Army ROTC scholarship. 

• You prepare for two careers simultaneously -
Military and Civilian. 

• Special programs are offered to Veterans. 

• Flight training is available. 

• Army ROTC fellowships can be obtained 
for graduate school. 

CONTACT ARMY ROTC AT 443-2211 Extension 6497 
UNIVERSITY OF COLORADO AT BOULDER, COLORADO 

Sounds interesting; tell me more about Army ROTC at CU 

TO: ARMY ROTC, UNIVERSITY OF COLORADO, BOULDER, COLORADO 80302 

Name 

Address Phone 

City Program 2 yr. 4 yr. 

University State 

Military Experience if any 



would handle space heating, he said. In 
the Rocky Mountain area, however, 
where there are many clear, sunny 
days. Dr. Kreith believes that solar 
heaters which use stationary reflector-
concentrator systems are economically 
superior to flat-plate collectors. "It is 
my hope that such stationary concen­
trators can be mass produced soon," he 
said. 

In order of importance, the urgent 
engineering problems to be solved are 
cost, service lifetime, construction 
methods, and upkeep, he said. 

There are three basic types of solar 
heat collectors. One is the flat-plate 
unit, usually using a black surface to ab­
sorb heat and using circulating air of 
fluid to transfer the heat. The other two 
employ either lens or reflector systems 
to concentrate the sun's heat. They can 
achieve very high temperatures. In one 
of these the optical system is moved to 
follow the sun and keep the concen­
trated beam focused on the heat collec­
tor. This type is in limited use for cook­
ing and industry. The other type would 
employ a stationary optical system that 
concentrated the light where needed 
without itself moving. One way 

suggested for doing this is with fresnel 
lenses made of plastic. (The fresnel lens 
is a thin sheet of optical material hav­
ing small triangular corrugations on its 
surface. Each corrugation functions as 
if it were a small slice from a large lens. 
Viewed end-on, a cross section forms a 
saw-toothed pattern.) Heat at the focus 
of lens systems usually is either 
removed as steam or used directly. 

Working on solar heating recently 
during three months at the University 
of Negev, in Israel, Dr. Kreith ex­
amined the rooftop solar water heaters 
which are universally used in Israel. 
These usually consist of wide black 
plastic channels topped by glass. Sun 
shining through the glass heats water 
flowing over the black plastic. They 
heat water to about 180 degrees 
fahrenheit, and are the only water 
heating device in most Israeli homes. 

"The chief problem these encounter 
in Israel is dust," Dr. Kreith com­
mented. "The glass must be cleaned 
frequently, and people neglect this." 

Such units can be purchased in the 
United States, and would be effective 
in most parts of the nation if they were 
modified to avoid damage from freez­

ing when they are covered by snow. 
Most U.S. users would want a conven­
tional water heater as an auziliary 
supply, Dr. Kreith believes. 

C H E M I C A L  E N G I N E E R I N G  
FACULTY ACTIVE 

Dr. Klaus D. Timmerhaus, associate 
dean of engineering, delivered the 
Omega Chi Epsilon lecture to chemical 
engineering faculty members and 
graduate students of the University of 
Oklahoma Friday (March 8). After 
speaking on "The Strange but Exciting 
World of Cryogenics," he left for 
Tulsa, where he conducted a series of 
meetings in connection with the 76th 
national meeting of the American 
Institute of Chemical Engineers. Dr. 
W. F. Ramirez, chairman of the 
Department of Chemical Engineering 
presented a paper in a symposium on 
process control and estimation at the 
national meeting. It was titled "On-
Line Computer Control of a Stirred 
Tank Reactor." 

McFALL AND KONKEL 
CONSULTING ENGINEERS, INC. 

2 1 60 SO CLERMONT ST. 
DENVER. COLORADO 80222 

BUILDING TELEPHONE 753-1260 
ENVIRONMENTAL SYSTEMS 757-4976 

0% 
MEMBER 

SOL FLAX E ASSOCIATES INC. 
CONSULTING ENGINEERS 

SOL FLAX 
PRESIDENT 

PHONE (3 •  3) 777-2621 

247 WASHINGTON ST. • DENVER, COLD. B0203 

D A V I D  E .  F L E M I N G  
CONSULTING ENGINEER 

S U I T E  8 2 5  

E Q U I T A B L E  B U I L D I N G  

DENVER, COLORADO 80202 

• TELEPHONE 303 / 825-7259 

l[^\ K1LPATRICK 

A 9 \  A S S O C I A T E S  I N C .  
CHEMISTS & ENGINEERS 

W I L L I A M  H .  K I L P A T R I C K  

C O N S U L T I N G  - T E S T I N G  - R E S E A R C H  
2100 West Dartmouth Ave. 

W A T E R  -  P E T R O L E U M  M O B I L E  L A B  E n g l e w o o d ,  C o l o r a d o  8 0 1 1 0  
CORROSION STUDIES- telephone 789-9130 

•S ' 

BOULDER, COLORADO 
1303 BROADWAY • 443 5310 

k McCALL- ELLINCSON & 
 ̂ MORRILL, INC. 
— CIVIL ENGINEERING — 

Wafer Trtiulmwil 
Waste Water Disposal & Reuse 

Dams • Water Resources • Hydrology 
Solid Waste Management 
Drainage & Flood Control 

1721 HIGH ST. •  DENVER, COLO. 80218 
(303) 321-2282 
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DISTINGUISHED ALUMNI AWARDS 
by Jim Wood 

EDUCATION 
Irene Carswell Peden 

A noted engineering educator and a 
main advocate in the effort to involve 
women in engineering careers, Dr. 
Irene Carswell Peden is the 1974 
recipient of DETA for Education. Dr. 
Peden received her DS in Electrical 
Engineering from CU in 1974 and also 
holds an AS from Kansas City Junior 
College with MS and PHd degree from 
Stanford University. 

After successfully entering engineer­
ing in industry Dr. Peden was ap­
pointed to the engineering faculty at 
the University of Washington at Seattle 
in 1961, where she now resides with her 
attorney-husband Neo J. Peden. In 
August 1973 she became associate dean 
of engineering at Washington. 

Dr. Peden's outstanding work in 
education and radio research have 
earned her many coveted honors. She 
holds The Society of Women Engineers 
Achievement Award, for "con­
tributions to radio science and her ac­
tivities in education." In 1972 she 
received a similar national honor from 
Alpha Chi Omega. In 1971, Peden was 
named Woman of the Year by the Seat­
tle Chapter of Quota International. 

In addition to her duties as member 
of the National Advisory Drug Com­
mittee of the United States Food and 
Drug Administration, Dr. Peden has a 
seat on the Advisory Council for 
Standford's School of Engineering and 
is active in the America Society for 
Engineering Education. 

RESEARCH AND INVENTION 
Joseph S. Alford 

Joseph S. Alford, winner of the 
DEAA in Research and Invention is a 
distinguished employee of General 
Electric's Aircraft Engine Group. He 
was one of the primary contributors to 
the development of jet engine 
superchargers, used on the 747 Jumbo 
jet and has participated in jet aircraft 
engine development for many years. 

Alford graduated with special 
honors from CU in 1934 as a 
mechanical engineer. He joined 
General Electric and a year later 
enrolled in GE's Advanced Engineer­
ing Program. During World War II, 
A l f o r d  t r a n s f e r r e d  t o  G E ' s  
Supercharger Division where he 
organized engineering instruction, 
designed superchargers, and did 
analysis on aircraft engines. 

Alford is the author of several 
professional papers and holds 27 U.S. 
patents. He has received numerous 
awards for outstanding achievements, 
including General Electric's Charles S. 
Steinuetz Award. In 1965, Alford was 
named Engineer of the Year by the 
Technical and Scientific Societies 
Council of Cincinatti for his work in jet 
engines and his contributions to the 
Engineer's Council on Professional 
Development. 

Hydroelectric energy expert Wade 
H. Taylor is this year's distinguished 
alumni in the Government Service 
Catagory. A 1934 engineering graduate 
of C.U., he later received his M.S. here 
in electrical engineering. In a 35 year 
career with the United States Bureau of 
Reclamation, Taylor compiled an im­
pressive service record and has received 
many Reclamation awards for his 
dedicated work. As one of the Bureau's 
top hydro-electric production and 
transmission authorities, Taylor 
directed activities in Region 3 which in­
c l u d e s  C a l i f o r n i a ,  N e v a d a  a n d  
Arizona. His strong leadership assisted 
in the negotiations and planning for the 
800,000 volt Pacific Northern-Pacific 
Southwest power network. Taylor was 
responsible for the development of a 
Denver simulator which trains power 
plant operators for 17 western states. 

For his outstanding service, Taylor 
received the U.S. Department of 
Interior Distinguished Service Award 
in 1966. Beside holding the grade of 
Fellow in the IEEE, Taylor has 
membership in the International 
Conference on Large Electric Systems 
(CIERE), located in Paris. He also has 
a seat on the Engineering Development 
Council at C.U. 

GOVERNMENT SERVICES 
Wade H. Taylor 
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The University of Colorado College 
of Engineering has quite an outstand­
ing and successful group among its 
graduates. To commemorate this proud 
heritage the University of Colorado 

INDUSTRY AND COMMERCE 
Robert J. Wolf 

Robert J. Wolf graduated from CU 
in 1937 and is an executive vice presi­
dent for Kaiser Engineers. Wolf directs 
designing and construction activities 
currently valued at over one billion 
dollars. 

Following graduation, Wolf joined a 
Detroit firm specializing in the design 
of structural steel and concrete pro­
jects. He became involved in a series of 
designs as a project engineer, valued at 
nearly S50 million. Wolf was later 
promoted to assistant chief engineer 
responsible for a number of major in­
dustrial construction projects. 

Wolf began his career with Kaiser in 
1956 as a division manager supervising 
the work of 400 engineers. Two later, 
he was named vice president of the 
Kaiser Engineers Division when the 
firm was constructing the National 
Aeronautics and Space Administration 
mission control center in Houston. In 
1973 Mr. Wolf was named executive 
vice president in charge of all the ac­
tivities of Kaiser's Engineering Divi­
sion. Wolf is also a vice president or 
director of sixteen Kaiser subsidiaries 
and is a director of the Universal 
Dredging Corporation. 

Engineering Development Council 
began a program in 1966 to honor 
prominent graduates. Distinguished 
Engineering Alumnus Awards are 
given in six categories: Education, 

PRIVATE PRACTICE 
Arthur M. Krill 

It must have been hard to find a 
category large enough to cover the 
wide variety of activities of Arthur M. 
Krill recipient of the award for dis­
tinguished achievement in Private 
Practice. An accomplished business 
man Mr. Krill also has shown compe­
tence in both academic and research 
pursuits. 

Krill graduated with honors from 
the CU College of Engineering in 1943, 
and took his skills in mechanical 
engineering to Pratt and Whitney Air­
craft Corporation. Four years later, he 
was appointed to teach at the Universi­
ty of Denver. While at D.U., Krill 
became an associate professor of 
mechanical engineering, coordinator of 
the cooperative engineering plan and 
director of administrative engineering. 
Krill did an intensive study of manage­
ment and psychology at D.U. 

In 1961, Krill left the University of 
Denver to form the Falcon Research 
and Development Company of 
Denver. Two years later he became the 
president of the Ken R. White Com­
pany, one of Denver's largest engineer­
ing and architectural firms. Concerned 
primarily with improving man's en­
vironment, the White Company has 
projects around the world. 

Research and Invention, Government 
Service, Industry and Commerce, 
Private Practice, and Special. 

SPECIAL 
Jackson F. Fuller 

This year's recipient of the DEAA 
Special award is a familiar face around 
the Engineering Center—Jackson 
Fuller is a CU professor of electrical 
engineering. 

Fuller graduated from CU in 1944 
with honors in electrical engineering. 
He joined General Electric soon after 
graduation and became involved in 
many projects. Fuller was responsible 
for the first applications of a hydro­
electric project in the Rockies. 

In 1948, Fuller was stricken with 
polio and was told that he would never 
walk again. However, in a determined 
and dramatic recovery Fuller con­
quered the illness and returned to 
work, travelling 80,000 miles a year in 
his duties with GE. During his in­
dustrial career, Fuller was awarded 
several patents for his inventions. 

Fuller returned to CU in 1969 to 
become professor of electrical 
engineering. He introduced several new 
projects in the College of Engineering 
including a student investigation into 
electric autos and a computer con­
trolled electric generator. 
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COLORADO ENGINEER EXCLUSIVE: TWO DISTINGUISHED ENGINEERS DIFFER ON FOUR-CHANNEL 

FOUR CHANNEL SOUND? YES! 

BENJAMIN B. BAUER 
CBS Laboratories 

I am pro SQ* four-channel sound for 
four important reasons: 
1. By reproducing reality. SQ brings us 

a new measure of sonic enjoyment. 
2. SQ opens new artistic dimensions to 

the composer, the performer, the 
record producer, and the listener. 

3. The SQ system delivers a solid four-
channel sound without obsoleting 
any of the present-day stereo equip­
ment, and retaining the full high-
fidelity values of the disc record: 
and it does so in a practical and 
economical manner. 

4. By synthesizing a credible ambience 
with the existing stereo recordings, 
the SQ system improves and extends 
the value of existing stereo record 
collections. 

Now, let's examine these premises. We 
live mostly in a world of 2?r 
steradians—or perhaps, a bit more 
when we climb to the top of tall 
buildings. Sounds come from all 
around us, and we have learned in real 
life to recognize their direction. There 
is little argument that if technology and 
cost were no object, we would wish to 
give to the artist and the producer the 
ability to recreate this full surround-
sound potential. Let's look at a similar 
art. Still photography is great—it built 
Kodak's fortunate. Motion pictures are 
even better—they help us to identify 
with the performers. Sound plus mo­
tion adds to a new dimension, as does 
color—and all at a small incremental 
cost we cheerfullv pay. 

QUADRAPHONY ADVICE 
1 take the liberty of already obser­

ving that you have come to my point of 
view. But then. I see you thinking it 
over and saying: "But Bauer has a 
vested interest in Quadraphony—how 
do I know that his advice is unbiased?" 

Then, don't take my advice. Use 
your own common sense. Think of a 
real-life sonic experience. Like when 
you went to a symphony concert or a 

*SQ is a trademark of CBS. Inc. 

rock festival. The sounds arrived from 
all sides—first from the stage, then 
after each crash-bang there was am-
binece enveloping you in a delightful 
sonic cocoon. Later the applause was 
all around you. Or, imagine yourself 
playing in a string quartet—the second 
violin is at your left, the cello is at your 
right, and the viola in front. Can you 
identify yourself with these space ex­
periences, or would you rather have all 
this sound come at you through two 
holes in the wall? Or, use your ears. Go 
to the nearest quadraphonic salesroom 
and ask for a demonstration. Be sure 
that your supplier has good equipment, 
which is set in a livingroom-like en­
vironment. If the dealer plays a matrix 
system, be sure to ask if this equipment 
has an "SQ Full-Logic" Decoder. 
Then, decide for yourself. 

We find that most people who op­
pose quadraphony have not heard it. or 
if they have heard it, it was with 
primitive or counterfeit equipment or 
under abominable surroundings—a 
noisy store, a hard-walled classroom, 
or a cavernous studio. In a typical 
livingroom for which the records are 
produced, using good equipment, 
quadraphony is almost unbelievably 
satisfying. Friends who experience it in 
my home for the first time literally Hip. 
They must have it in their own homes 
at once. 1 was flabbergasted when the 
day following such an experience, one 
of my visitors called me at the office 
and asked if I had an "in" with the 
equipment manufacturer. "Another 
one of those 'moochers' who want me 
to get it for them wholesale!" I groaned 
to myself. Oh no, this was not the pur­
pose of his call! His dealer was out of 
stock for the particular brand and he 
wanted to use my good offices w ith the 
manufacturer to deliver him a set as 
soon as possible! 

But, let us say that you won't trust 
your own mind or ears. W'hose advice 
should you take? The answer is so sim­
ple that I am willing to wager that you 
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FACTS AND FOOLISHNESS 

QUADRAFIZZLE 

J.  ROBERT ASHLEY 
University of Colorado 

A qua d r i f i z z l e *  i s  a  p rog ram t ha t  ha s  
f ou r  a r ea s  o f  foo l i shnes s  c au sed  b y  
poo r  eng ine e r i ng .  A  r e c e n t  quad r i f i z z l e  
i s  t h e  cu r r en t  f ad  i n  aud io  gadge t ee r i ng  
ca l l ed  4 - channe l  s t e r eo .  Th i s  i dea  ha s  
been  b r ewi ng  in  m os t  aud io  equ ipmen t  
ma rke t i ng  m anage r ' s  o f f i c e s  f o r  abou t  
f ou r  yea r s  and  t he  eng inee r i ng  ha s  been  
done  a f t e r  t he  f ac t .  I t  i s  n o t  su rp r i s i ng  
t ha t  t he  eng inee r i ng  ha s  been  shoddy  
and  t he  r e su l t s  v e ry  uns a t i s f ac t o ry .  
Consumer s  a r e  a sk in g  b e t t e r  ques t i ons  
abou t  4 - channe l  a nd  t he  s a l e smen  ge t  
c augh t  i n  t he i r  own  con fus ion  i n  g i v i ng  
answer s .  The  r e su l t  i s  t h a t  t he  on ly  4 -
channe l  s a l e s  co me  a s  t he  r e su l t  o f  h igh  
p r e s s u re  ma rke t i ng  t a c t i c s  and  1  have  a  
s a d  f ee l i ng  t ha t  t he  b u y e r  ends  up  wi th  
a  ve ry  sou r  t a s t e  i n  h i s  mou t h  a f t e r  l i v ­
i ng  w i th  h i s  4 - channe l  f o r  more  t h an  
fou r  wee ks .  

FOUR CHANNEL HISTORY 
The  8 - t r ack  t ape  ca r t r i dge  p l ayback  

sy s t em  u s in g  2 - l r a cks  a t  a  t ime  was  
m od i f i ed  i n  t he  l a t e  1960 ' s  t o  p l ay  back  
4 - t r a cks  a t  a  t ime .  (Th i s  i s  now  con ­
s ide r ed  t o  be  t he  p ro to type  o f  t he  d i s ­
c r e t e  4 - channe l  sy s t em. )  S ome  p re ­
r eco rded  t ape s  we re  ma rke t ed  fo r  t h i s  
sy s t e m.  The  p rob l em o f  compa t ib i l i t y  
w i th  ex i s t i ng  2 - channe l  s t e r e o  s y s t em s  
and  t he  we l l - known  conven i ence  o f  t he  
d i sk  pho n o g r ap h  r eco rd  mo t iva t ed  t he  
deve lopm e n t  o f  t he  4 -2 -4  ma t r i x  sy s t em 
tha t  beca me  av a i l ab l e  t o  cons umer s  i n  
1970 .  L ook ing  fo r  c omme r c i a l  a l t e r ­
na t i ve s  t o  t he  4 -2 -4  ma t r i x  a s  we l l  a s  
t he  n eed  fo r  i nc r ea sed  band  w id th  fo r  
t r an sm i s s ion  o f  f ou r  i ndependen t  
channe l s  o f  i n fo rma t ion  l ed  t o  deve lop ­
men t  o f  s eve ra l  k inds  o f  " d i s c r e t e "  d i sk  
r eco rd in g  me thods 6  a nd  a s soc i a t ed  
de modu la t i on  t e chn iques .  Th rough  a l l  
o f  t h i s ,  I  have  s ensed  t ha t  t he  deve lop ­
men t  ha s  been  f r ag men ted ,  c l o ak ed  in  

* N o te  t ha t  t he  co r r ec t  La t i n  p r e f i x  i s  
quadr i — thos e  who  co ined  t he  words  
"quad rap h o n i c "  and  "quad ra son i c  
knew a s  l i t t l e  La t i n  and  Greek  a s  t hey  
knew abou t  e ng ine e r i ng .  

s ec r ecy  o f  co mmerc i a l  r i va l r y ,  a nd  
supp l i ed  w i th  more  marke t i ng  r azz l e -
dazz l e  t h an  eng inee r i ng  co mmon  sense .  
A l though  th i s  i s  t h e  t r ad i t i on  i n  t h e  
aud io  f i e l d ,  1  t h i nk  t he r e  a r e  l ong  t e rm  
economic  cons equences  t h a t  demand  
t ha t  eng inee r s  app ly  so me  common  
sense  t o  4 - channe l .  

1  b ecame  in t e r e s t ed  i n  t h e  c on ­
sumer ' s  s i de  o f  t h i s  de ve l opmen t  when  
I  h ea rd  t he  demons t r a t i ons  a t  AES  
conven t i ons  t ha t  i nva r i ab ly  s t a r t ed  
w i th  ove r  $2 ,000  wor th  o f  l o u d s p eak e r s  
a nd  i n c l ud ed  ano t he r  s eve ra l  k i l obucks  
wor th  o f  am p l i f i e r s ,  t u rn t ab l e s ,  
decode r s ,  p ro f e s s iona l  4 - t r a ck  t ape  
r eco rde r s ,  e t c .  A l t hough  t h e  sound  was  
g r ea t ,  my  ea r  t o ld  me  tha t  t h e  r ea son  
was  t he  exce l l en t  equ ipm en t  and  no t  
t he  n u mb er  o f  channe l s .  Wha t  l i t t l e  
e f f ec t  1  cou ld  hea r  was  l im i t ed  t o  ve ry  
na r row  r eg ions  i n  t he  demons t r a t i on  
rooms .  Nowhere  have  1  s een  o r  hea rd  a  
d i s cus s ion  o f  how much  a  4 - channe l  
home  sys t em shou l d  cos t  i n  compa r i ­
son  t o  t he  u sua l  2 - channe l  sy s t e m s  and  
how the  pe r fo rmance  d i f f e r ences  r e l a t e  
t o  t he  p r i c e  d i f f e r ences .  

THE FIRST FOOLISH IDEA 
Going from one to two channels in the 

late 1950's made a significant improve­
ment in home music systems; thus, 
further improvement will require more 
channels. 

Th i s  s eems  t o  me  t o  be  t h e  unde r ly ­
i n g  a s sumpt ion  beh ind  t he  c u r r e n t  4 -
c ha nne l  deve lopmen t s .  Those  o f  u s  
who  have  "mono"  o r  " r i gh t  p lu s  l e f t "  
m ode  con t ro l s  on  t he i r  sy s t e m s  can  u se  
t he se  con t ro l s  t o  d emons t r a t e  t ha t  
s t e r e o  does  sound  a  lo t  be t t e r  t han  
mono .  Mos t  peop l e  a ccep t  t h e  r e su l t s  
o f  t h i s  expe r imen t  w i thou t  r e a l l y  un ­
de r s t and ing  why ,  bu t  t o  e va lua t e  t h e  
wor th  o f  add ing  more  channe l s ,  we  d o  
need  t o  unde r s t and  why  s t e r eo  i s  b e t t e r  
t ha n  mono .  

I f  we  l ook  a t  t he  h i s t o ry  o f  t he  
mono- to - s t e r e o  deve lopmen t s  o f  1955  
t o  19 60 ,  we  f i nd  s e ve ra l  o the r  

n o n t m i  i o n  n n  H S f l P  /  J 
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h a v e  o v e r l o o k e d  i t .  V i s i t  a n y  s e l f -
r e s p e c t i n g  r e c o r d  s t o r e  a n d  b r o w s e  
t h r o u g h  t h e  q u a d r a p h o n i c  b i n .  A  g o o d  
r e c o r d  s t o r e  s h o u l d  h a v e  s e v e r a l  " h u n ­
d r e d  S Q  q u a d r a p h o n i c  a l b u m s  i n  t h e  
b i n ,  a b o u t  h a l f  t h e  c u r r e n t l y  a v a i l a b l e  
q u a d r a p h o n i c  r e p e r t o i r e ,  d i v i d e d  
a b o u t  e q u a l l y  b e t w e e n  t h e  c l a s s i c a l  a n d  
t h e  p o p u l a r  t i t l e s .  L o o k  t h r o u g h  t h e  
t i t l e s .  W h o  a r e  t h e  p e o p l e  w h o  p e r f o r m  
o r  p r o d u c e  t h e s e  q u a d r a p h o n i c  
r e c o r d s ?  I  w i l l  t e l l  y o u  w h o :  B e r n s t e i n ,  
B i g g s ,  B o u l e z ,  O r m a n d y ,  S i m o n  a n d  
G a r f u n k e l ,  P e r c y  F a i t h ,  S a  n t a n a .  
M c C l u r e ,  F r o s t ,  K a z d i n — m e n  w h o s e  
i n t e r n a t i o n a l  r e p u t a t i o n s  d r a w  u n i v e r ­
s a l  a c c l a i m .  .  . m e n  w i t h  u n m a t c h e d  
c r e d e n t i a l s  i n  t h e  w o r l d  o f  m u s i c — i n  
s h o r t ,  t h e  p e o p l e  w h o  k n o w  w h a t  g o o d  
s o u n d  i s  a l l  a b o u t .  T h e s e  a r e  y o u r  b e s t  
s o u r c e s  o f  r e c o m m e n d a t i o n  o f  t h e  v i r ­
t u e s  o f  q u a d r a p h o n y ,  a n d  o f  t h e  S Q  
s y s t e m .  

H a v e  t h e s e  a r t i s t i c  l u m i n a r i e s  b e e n  
c o n n e d  i n t o  q u a d r a p h o n y ?  D o n ' t  k i d  
y o u r s e l f !  O n e  d o e s  n o t  b e c o m e  a  
s u c c e s s f u l  r e c o r d i n g  a r t i s t  o r  p r o d u c e r  
b y  b e i n g  n a i v e  i n  t h e  w a y s  o f  t h e  
m u s i c a l  w o r l d .  I f  t h e  p r o d u c e r  t h o u g h t  
t h a t  q u a d r a p h o n y  w a s  n o t "  a  
w o r t h w h i l e  c o n t r i b u t i o n  t o  t h e  r e c o r ­
d i n g  a r t s  h e  w o u l d  n o t  b o t h e r  t o  
p r o d u c e  t h e  r e c o r d .  R e m e m b e r ,  h e  h a s  
h i s  o w n  r e p u t a t i o n  t o  u p h o l d ,  a n d  
q u a d r a p h o n y  f o r  h i m  i s  n o t  a  s n a p .  
F i r s t ,  h e  p r o d u c e s  t h e  s t e r e o  v e r s i o n  o f  
t h e  r e c o r d .  H e  d o e s  s o  b e c a u s e  h e  
k n o w s  t h e r e  i s  a  p u b l i c  t h e r e  w a i t i n g  
f o r  i t ,  a n d  h e  k n o w s  h o w  t o  m i x  f o r  
s t e r e o  b a c k w a r d  a n d  f o r w a r d  ( h e  h a s  
b e e n  d o i n g  i t  f o r  1 5  y e a r s ) .  N e x t ,  h e  h a s  
t o  g o  t o  w o r k  a g a i n  t o  b r i n g  o u t  t h e  
q u a d r a p h o n i c  v e r s i o n .  H e  i s  n o t  e l a t e d  
a b o u t  t h e  p r o s p e c t .  I t  i s  a  n e w  a r t  f o r m ,  
h e  m u s t  l e a r n  i t s  i n t r i c a c i e s :  i t  t a k e s  
m o r e  t i m e  t o  m i x  b e c a u s e  i t  h a s  t o  
s o u n d  g o o d  b o t h  i n  q u a d  a n d  i n  s t e r e o -
t h e  a d d e d  s t u d i o  t i m e  c o s t s  h i m  m o n e y "  
B u t .  h e  b u c k l e s  d o w n  a n d  f i n a l l y  t u r n s  
o u t  a  g r e a t  q u a d  d i s c .  W h y  d o e s  h e  d o  
i t ?  B e c a u s e  h e  c a n  d o  s o  m u c h  m o r e  
w i t h  q u a d r a p h o n y :  b e c a u s e  i t ' s  t h e  
w a v e  o f  t h e  f u t u r e  a n d  h e  w a n t s  t o  b e  
p a r t  o f  i t ;  b e c a u s e  i t ' s  a n  o p p o r t u n i t y  
t o  w o r k  w i t h  n e w  s p a t i a l  d i m e n s i o n s -
a n d  b e c a u s e ,  i n c r e a s i n g l y ,  t h e  p u b l i c  i s  
c l a m o r i n g  f o r  i t .  

QUADRAPHONY PIONEER 
A s  a  m a t t e r  o f  c r e d i t  o r  b l a m e ,  t h e  

m a n  m o s t  r e s p o n s i b l e  f o r  p u s h i n g  u s  
i n t o  q u a d r a p h o n y  i s  J o h n  M c C l u r e  
f o r m e r  d i r e c t o r  o f  C o l u m b i a  
M a s t e r w o r k s ,  a n d  n o w  p e r s o n a l  r e c o r ­
d i n g  d i r e c t o r  f o r  L e o n a r d  B e r n s t e i n .  
S e v e r a l  y e a r s  a g o ,  J o h n  t r a v e l e d  t o  
Venice to record Gabrielli in sin, 
w h e r e .  4 0 0  y e a r s  a g o  t h e  M a s t e r  h a d  

p e r f o r m e d  h i s  f o u r - c h o i r  m a g i c  f r o m  
t h e  i n n e r  b a l c o n i e s  o f  S t .  M a r c o ' s  
C h u r c h .  B a c k  i n  N e w  Y o r k  a f t e r  t h e  
" t a k e s "  J o h n  w o r k e d  f o r  w e e k s  t r y i n g  
t o  p r o d u c e  a  s t e r e o  r e c o r d ,  b u t  t o  n o  
a v a i l — t h e  s o u n d  w a s  f l a t .  T h e n ,  h e  h a d  
a n  i n s p i r a t i o n — h e  r e p r o d u c e d  t h e  
t a p e s  o v e r  f o u r  l o u d s p e a k e r s  p l a c e d  i n  
t h e  c o r n e r s  o f  t h e  e d i t i n g  r o o m .  T h e  
m a g i c  r e t u r n e d !  T h e  f i r s t  t h i n g  I  k n e w  
o f  t h i s  w a s  w h e n  t h e  p r e s i d e n t  o f  
C o l u m b i a  R e c o r d s  c a l l e d  m e  a n d  a s k e d  
w h a t  w o u l d  i t  c o s t  t o  d e v e l o p  a  f o u r -
c h a n n e l  d i s c .  O t h e r  r e c o r d  p r o d u c e r s  
j o i n e d  t h e  c h o r u s .  S o  y o u  c a n  s e e ,  t h e  
p r e s s u r e  t o  c o m e  o u t  w i t h  
q u a d r a p h o n y  c a m e  f r o m  t h e  a r t i s t i c  
p e o p l e  w h o  k n o w  w h a t  g o o d  s o u n d  i s  
a l l  a b o u t .  

ARTISTS AND PRODUCERS 
A r e  a l l  t h e  a r t i s t s  a n d  p r o d u c e r s  i n  

l a v o r  o f  q u a d r a p h o n y ?  O f  c o u r s e  n o t .  
M u s i c i a n s  a r e  n o t o r i o u s l y  c o n s e r ­

v a t i v e .  E v e n  t h e  m o d e r n  o n e s .  A s k  t h e  
m a n  w h o  i s  a n  e x p e r t  o n  t h e  M o o g  s y n -

R n n U 6 '  ° f u h ' S  0 p i n i o n  a b o u t  t h e  
B o o k l a  s y n t h e s i z e r .  T h e  i d e a  o f  l e a r ­
n i n g  a  n e w  a r t  i s  f r i g h t e n i n g  t o  s o m e  
p e o p l e .  O t h e r s  s i m p l y  d o n - f  J J ™  
b o t h e r .  T h e y  w i l l  w a i t  u n t i l  t h e  H e l d  
d e v e l o p s  b e f o r e  m a k i n g  a  d e c i s i o n  t o  

n . e r  " .  V e t .  t h e  m o s t  t a l e n t e d  p e o p l e  
> n  t h e  b u s i n e s s  a r e  a m o n g  t h e  m a n y  

F v f D v i l X t e n S i V e l y  i n  d u ; l d -ER \ ONE'S FAVORITE? 
a b o , n t h a " e n r 0 d U C e r S  a s  e n t h u s i a s t i c  

U '  h T S Q  A S t e m  a s  1  ™ ?  O f  c o u r s e  
n o t .  S o m e  p r e f e r  t h e  a l t e r n a t i v e  ( s o !  
c a l l e d  d i s c r e t e  )  C D - 4  c „ r t  
R e m e m b e r .  1  s a i d  t h a t  t h e  S Q  s y s t e m  
.  ° W S  y o u  t 0  p r o d u c e  s o l i d  f ou r -

s t e ™ P i c k u r a l U s t e n r ! o  e q u i p  m e ^ h y '  
a d d m g  a  d e c o d e r ,  t w o  a n ^ K d  
t w o  l o u d s p e a k e r s .  N e w  s e t s  a r e  o u t  

a m p l i f i e r s  al^VbuiuVto' th^ set 

I  l i e  S Q  r e c o r d s  a r e  c u t  p r e t t y  m u c h  
l i k e  o r d i n a r y  s t e r e o  r e c o r d s ,  b u t  w i t h  
s t e r e o ,  t h e r e  i s  n o  a t t e m p t  t o  u t i l i z e  
p h a s e  i n f o r m a t i o n ,  w i t h  S Q  s u i t a b l e  
p h a s e  r e l a t i o n s h i p s  a r e  p r o v i d e d .  T h e  
d i f f e r e n c e  b e t w e e n  a  s t e r e o  r e c o r d  a n d  
a n  S Q  r e c o r d  m a y  b e  l i k e n e d  t o  t h e  
d i f f e r e n c e  b e t w e e n  a  p h o t o g r a p h  a n d  a  
h o l o g r a m .  A  h o l o g r a m  r e c o n s t r u c t s  
t h r e e  d i m e n s i o n a l  i m a g e s  b e c a u s e  
p h a s e  i n f o r m a t i o n  i s  r e t a i n e d .  T h e  S Q  
r e c o r d  h a s  t h e  s a m e  f r e q u e n c y  
r e s p o n s e ,  t h e  s a m e  l e v e l ,  t h e  s a m e  
s i g n a l - t o - n o i s e  r a t i o ,  t h e  s a m e  p l a y i n g  
t i m e ,  a n d  t h e  s a m e  f r e e d o m  f r o m  d i s ­
t o r t i o n  a n d  n o i s e  w e  h a v e  b e c o m e  a c ­
c u s t o m e d  t o  e x p e c t  f r o m  a l l  h i g h -
l i d e l i t y  r e c o r d s .  

T h e  f i r s t  q u a d r a p h o n i c  r e c o r d  w e  
d e v e l o p e d  w a s  c a l l e d  a  " d i s c r e t e "  
s y s t e m  w h i c h  w e  d i s c a r d e d  a s  i m p r a c ­
t i c a l ,  b e f o r e  w e  i n v e n t e d  a n d  f i n a l l y  
a d o p t e d  t h e  S Q  s y s t e m .  T h e  C D - 4  
s y s t e m  p r e s e r v e s  t h e  d i r e c t i o n a l  i n f o r ­
m a t i o n  b y  a d d i n g  u l t r a s o n i c  c a r r i e r s  t o  
t h e  a u d i o  m o d u l a t i o n .  T h i s  m e a n s  t h a t  
a  n e w  p i c k u p  a n d  s t y l u s  w i t h  4 5  k H z  
c a p a b i l i t y  a r e  n e e d e d  ( a n  e x p e n s i v e  
r e q u i r e m e n t ) .  I  h e  p r e s e n c e  o f  a  c a r r i e r  
d i m i n i s h e s  t h e  a v a i l a b l e  o u t p u t  l e v e l  
a n d  t h e  a v a i l a b l e  r e c o r d i n g  t i m e .  T h e  
o v e r a l l  r e s p o n s e  i s  d i m i n i s h e d  t o  
1 5 k  H z .  C a r r i e r  n o i s e  i n v a r i a b l y  i s  i n ­
t r o d u c e d .  a n d  i f  t h e  d i s c  i s  p l a y e d  w i t h  
a n  o r d i n a r y  p i c k u p  a n d  a n  o r d i n a r y -
s t y l u s ,  t h e  c a r r i e r  i s  p r o m p t l y  w i p e d  
o u t  c o n v e r t i n g  t h e  q u a d  d i s c  i n t o  
s t e r e o .  B e c a u s e  o f  i t s  l i m i t e d  s i g n a l - t o -
n o i s e  r a t i o  a n d  t h e  p r e s e n c e  o f  t h e  u l ­
t r a s o n i c  c a r r i e r s ,  t h e  m u s i c  m u s t  b e  
c o m p r e s s e d  a n d  r e c o r d e d  a t  h a l f  s p e e d ,  
a n d  t h e  p r o d u c e r  m u s t  r e v i e w  t h e  c o m ­
p r e s s e d  v e r s i o n  a t  h a l f  s p e e d ,  w h i c h  
q u a d r u p l e s  t h e  r e c o r d i n g  t i m e .  T h e  
p r e s s i n g  c o m p o u n d  m u s t  c o n t a i n  a n t i ­
s t a t i c  f a t t y  a c i d s  w  h i c h  h a v e  a  t e n d e n c y  
t o  o o z e  o u t ,  c r v s t a l l i z e ,  a n d  c a u s e  m o r e  
n o i s e .  T h e  p r e s s i n g  t i m e  i s  l e n g t h e n e d  
a n d  q u a l i t y  c o n t r o l  p r o b l e m s  a r e  
m a d d e n i n g .  T h u s ,  t h e  d i s c r e t e  r e c o r d  
w i t h  a l l  i t s  g o o d  i n t e n t i o n s  h a s  l e s s  
f i d e l i t y  a n d  m u s i c a l  v a l u e  t h a n  a n  S Q  
r e c o r d — i n  e s s e n c e  i t ' s  a  b r u t e - f o r c e  
m e t h o d  o f  a c h i e v i n g  q u a d r a p h o n y .  
T h e r e  i s  m u c h  R & D  w o r k  g o i n g  o n  t o  
i m p r o v e  C D - 4  h o w e v e r ,  a n d  o n l y  t h e  
f u t u r e  w i l l  t e l l  w i t h  w h a t  s u c c e s s .  

W h a t  a r e  t h e  a d v a n t a g e s  o f  C D - 4 ?  
F o r  t h e  p r o d u c e r ,  t h e  m i x i n g  p r o c e s s  i s  
s o m e w h a t  s i m p l e r .  H e  d o e s n ' t  h a v e  t o  
k n o w  a s  m u c h  a b o u t  t h e  s y s t e m  a s  h e  
d o e s  w h e n  h e  p r o d u c e s  a n  S Q  r e c o r d .  
B u t  w h e n  y o u  c o m p a r e  t h e  t w o  t h e r e  
s i m p l y  i s  n o  d o u b t  t h a t  t h e  S Q  s y s t e m  
i s  t h e  b e t t e r  h i g h e r - f i d e l i t y  p r o d u c t .  
N e v e r t h e l e s s ,  s o m e  p r o d u c e r s  p r e f e r  
t h e  d i s c r e t e  s y s t e m .  A f t e r  y o u  a r e  

16  
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These are Crisman speakers. They're made by 
hand. From over forty different materials. 
It takes us four times as long to build a 
speaker as it takes a factory to assemble 
one. And yet, our speakers are available for 
far less than comparable factory-made models. 

But don't take our word for it. 

Come visit our showroom on Walnut Street in 
Boulder. Where we'll be glad to let you listen 
to our speakers. Right alongside major 
factory-made models. Or alongside the speakers 
you're using now. We think you'll be able to 
hear the difference for yourself. 

Then you'll see why we still make our speakers 
by hand. The same way people make music. 

the 
CRISMAN SPEAKER 
Company 
835 Walnut / Boulder, Colorado 80302 
303-447-0793 

We make our 
speakers by hand. 

The same way 
people make music. 
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equipped lor SQ you can always 
purchase a specially-designed pickup 
and a CD-4 demodulator to reproduce 
discrete records also. 

With this weight of evidence in favor 
of quadraphony, why is there a body of 
otherwise reasonable and even 
mathematically-minded people who 
are so dead set against it? 1 think that 
some of their antiquadraphonarianism 
comes from a confused cerebration as 
to what the sound recording arts are all 
about. The mathematicians are the 
ones who most often fall into this trap 
Are they not, after all, the spiritual in­
heritors of Pythagoras and Zeno? Isn't 
sound merely a summation of pressure 
phasors and velocity vectors at a point 
in space? 

The mathematician places himself 
mentally in the 10th row center of a 
concert hall with four microphones 
clustered about an imaginary point 
centered in his head X. The mikes are 
connected to some sort of a system of 
matrices, attenuators, gyrators, phase-
shifters, recorders, transmission lines 
disc recorders, etc.-placed inside a' 
mathematical black box which I call 
the Wronskian Box. Out of the Box 
come our lines connecting to four 
loudspeakers directed to a "Y-marks-
the-spot point in space where the 
listener's head might be located. Lo 
and behold, after a few computer 
manipulations, the mathematical 
wizard defines the necessary and suf­
ficient conditions for replicating the X-
ne d at Y. Then he gets mad if we don't 
follow his prescription. Suppose we do 
as he says—replicate the field X at Y 
and listen to it. What will you have? A 
glorious record? Nothing of the sort! 
You'll have a dreadful mess. Not only 
couldn't you sell it—you couldn't give 
it away. People have tried it. It doesn't 
work. What then is missing from the 
equation? 

i  m 
M A T H E M A T I C I A N S  C O N C E P T  O F  
QUADRAPHONY 
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ARTISTRY IN QUADRAPHONY 
Attend a recording session run by ex­

perienced recording professionals with 
top recording artists on the stage. 
Remember, someone is paying $50,000 
for this record so it had better be right 
the first time. What do you see? Not a 
cluster of microphones in the tenth row 
center, but a veritable forest of 
microphones in between the instrumen­
tal groups, spot mikes for the soloist 
and the accent instruments, and a few 
more interspersed through the hall for 
reverberation. All of these lead to a 
control console where the sounds are 
balanced and grouped into 16 channels 
which are recorded on a 2"-wide, 16-
track tape. The tape goes to the studio 
for editing. This is where the real work 
of the producer or the musical director 
begins. 

Why the difference between the 
mathematical reveries and the real-
world approaches? As a concert-goer, 
you should have no trouble figuring 
this out. What do you hear when you 
are in the 10th row center? Is the theme 
being carried by the soloist or the first 
violins? It makes no difference, they 
move their arms in unison. Do vou 
really hear the harp—or do you only 
think you do because there is a pretty 
gir' UP there fondling the harp and 
making with the motions? Oh, and ves. 
the coughing! If you are an experienced 
concertgoer, you know that people 
with colds don't go to doctors—they 
come to concerts, but your mind and 
your eyes shut out the coughs. The 
magic of the concert hall, the rapport 
of musicians with the audience, and the 
conductor making wild gyrations—all 
this forms part of the illusion you enjoy 
so much. J  y 

This magic is gone when you listen to 

cert hall TheT 'S n° S 'ght> no con" cert hall, no audience, no conductor to 
support the illusion. When the soloist 
Plays you know it only because the 
producer gives him a clear, incisive 
centered sound. The harp is There 
because the accent microphone let you 
near it, since you can't see it The 
coughing is not there, because there is 
no audience remember each 

SPd?reC 'uT™ent  Wi" haVe had at  
least three takes to catch any slight 
errors-—so that the reverberation time 
has changed and, acoustically speak-
ng, you are in a different hall. What's 

more, the record has to sound good not 
only where V marks the spot but over a 
wide area in the room. 

During the editing session, the 
producer works along with a studio 
engineer in the editing room which has 
the size and the acoustics of a small liv-

8 o » » b « « e e  

4) 4) 4> 4) 4> 4) 4) » 
3 3 1 3 1 1 1 ^  

ing room. There are four loudspeakers 
in the corners. In front of him is a con-
s o l e  w i t h  h u n d r e d s  o f  c o n ­
trols—switches, attenuators, meters 
knobs, and the like. In the back, under 
full remote control, is the tape machine 
playing the 2-inch, 16-track tape, which 
is to become a record (stereophonic or 
quadraphonic, the process is very 
similar). If quadraphonic, the 16-tracks 
go to the mixing console, and then to a 
device known as an SQ encoder, 
resulting in two encoded channels 
T h e n c e  t o  a n  S Q  F u l l  L o g i c  
Decoder much like the one you heard 
at your dealer's except perhaps more 
refined, and finally into the four 
loudspeakers. The encoder allocates 
the signals from each of the 16-tape 
tracks to the encoded channels in such 
a manner that the signals therein have 
predetermined amplitude and phase 
relationships which subsequently are 
translated by the decoder into the par­
ticular directions of sound, reproduced 
by the four loudspeakers. Thus, the 
producer knows precisely what the SQ 
record will sound like when played in 
the home. The producer begins by 
planning how most effectively to pre­
sent the performance to the record-
pla\ing audience. Is the intention of the 
conductor to portray a full surround-
sound format (like when Boulez con­
ducted Bartok's Concerto using two 
podiums and the orchestra in a circle) 
or in a semi-circular format (like in 
Hoist's "The Planets") or should he 
preserve the classical orchestra on the 
stage with ambience format (like in 
Bernstein's "Swan Lake")? Or, perhaps 
the performers should appear to arrive 
from the particular loudspeakers (like 
the solos in "A Little Night Music"), 
or the solo at center-front with the ac­
companiment in the back (as with 
Loggins and Messina). Then he begins 
to mix the channels according to plan. 
With classical music, he usually follows 
as closely as possible the format used 
by the conductor. With popular music, 
he often is more avant garde. He may-
move an instrumental group from side 
to side for more effective balance and 
emphasize the weaker instruments to 
compensate for the missing visual 
aspect. Using the reverberation 
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channels, he perhaps will increase or 
diminish the perceived size of the hall. 
If the producer has done his job effec­
tively, you will be completely con­
vinced that you are there, in the 10th 
row center. The best seat in the house. 
As soon as the mix is finished, the 
engineer makes a master tape of the en­
coded signals which subsequently is 
used to cut the record. Thus, the 
musical director or producer is as much 
a part of the creative process of bring­
ing art to your home as is the conduc­
tor and the musician. And the reverie 
of the mathematician who plays the 
role of the God of Arts is merely 
hallucinogenic. You can also see how 
unfounded and malicious are the bad 
mouthings of those who would tear 
down one quadraphonic system in 
favor of another. The fact is that each 
quadraphonic record is approved by 
someone with credentials in the field of 
musical arts. Zeno may be right about 
the arrow, but with respect to the 
musical arts he is likely to be a callow 
ignoramus. 

SQ SYSTEM 
Examine closely an SQ record. In 

cross-section there is a groove with a 
pickup stylus riding in it. The stylus 
drives some sort of transducer—e.g., a 
magnet—which is adapted to induce an 
output voltage in two coils at either 
side of the stylus. In a stereo record the 
Left channel modulation of the groove 
produces a 45° motion of the stylus as 
shown by the arrow labeled 
L —because it also represents Left 
Front modulation of an SQ record. 
The Right channel modulation of a 
stereo record is at -45° as portrayed by 
the arrow marked R , because it also 
portrays the right-front channel SQ 
modulation. Therefore, the front 
channels of the SQ record are identical 
with stereo. The difference resides in 
the addition in SQ, of at least two more 
channels. The Left back channels are 
recorded in phase-quadrature, 
resulting in a circular motion of the 
pickup stylus, as shown by the circle 
LB. The Right-back signal produces a 
counterclockwise circle RB. Viewed 
along the groove, the circular motion 
results in a helical motion of the groove 
modulation which the ordinary stereo 
pickup stylus follows with complete 
ease—a clockwise helix for the left-
back channel, and counterclockwise 
helix for the right-back channel. All of 
these modulations sound perfectly nor­
mal through a conventional stereo set 
and when broadcast via FM radio they 
all come through at identical levels 
when heard with a monophonic 
receiver. 

SQ BASICS 

Thus, the four basic channels of SQ 
are characterized by specific 
modulations along the groove, 
resulting in corresponding voltages in 
the coils which, upon reproduction 
through a Full Logic SQ Decoder, 
result in a virtually complete channel 
separation, as heard by the listener. 

STEREO RECORDS 
I promised good tidings for the 

owners of stereo record collections. 
Now it's time to make good on that 
promise. If you acquire an SQ 
quadraphonic setup, fear not for your 
present stereo records—not only can 
you play them on the SQ system, but 
also you will find a new dimension of 
pleasure in them. Played on an SQ 
system, the stereo records will not 
sound quadraphonic. They will be 
reproduced normally over the two 
front channels, but in addition any ran­
dom sounds, e. g. reverberation, 
recorded in them will be shifted toward 
the back channels, creating a unique 
and delightful ambience. Many 
listeners feel that, this feature alone 
justifies investment in SQ equipment! 

CONCLUSION 
Much of the debate about the pros 

and cons of quadraphony has been 
waged on grounds that have nothing to 
do with the basic purpose of this 
art—re-creation of sonic reality, the 

addition of new dimensions to the 
creativity of the artists and composers, 
and the musical enjoyment of the 
listeners. Sophisticated arguments of 
those who are concerned about 
reproducing sound pressure phasors 
and sound velocity at a point in space 
remind us of the reveries of Zeno about 
the flight of the arrow. The arrow , said 
Zeno, could never reach the target 
because there was always an infinity of 
half-spaces left for it to traverse. Zeno, 
of course, was ignorant of infinitesimal 
calculus, which at the time had not yet 
been invented. In the same manner, 
many of the arguments about 
quadraphony are carried on by people 
ignorant of the objectives and 
procedures of the recording arts and 
sciences. 

The art of sound recording has gone 
through evolutions at intervals each 
spanning a generation—Edison's tin 
foil phonograph, Berliner's fiat disc, 
electrical disc recording, electrical 
sound reproduction, long-playing 
r e c o r d ,  s t e r e o ,  a n d  n o w ,  S Q  
quadraphony. Each step has created a 
new plateau of improved values and 
musical enjoyment. Each step has 
meant that a new fundamental princi­
ple has been added to what now is a 
century-old fortress of art. The SQ 
system, by adding phase to amplitude 
ratios for reproducing the back 
channels has done for the record w hat 
h o l o g r a p h y  h a s  d o n e  f o r  t h e  
photograph—it has added a third 
dimension actually enhancing its utility 
as a record without affecting the fideli­
ty of sound reproduction. 

When played through a conventional 
stereo player, the SQ record will 
produce stereophonic sound of ex­
cellent quality, which many assert is 
even more pleasing than that of a con­
ventional stereo record—because of the 
depth perception it affords even to the 
stereo listener. But, when reproduced 
through an SQ Full Logic Decoder, the 
S Q  r e c o r d  r e v e a l s  t h e  f u l l  
quadraphonic effect. 

With the SQ system, the existing 
stereophonic record collections are not 
obsoleted. A stereophonic record 
played through the SQ system of 
course is reproduced mainly on the 
front channels; but at the same time, 
any casually out-of-phase or ran­
domized signals in the record are 
spread around the four loudspeakers 
providing a delightful synthetic am­
bience. 

But in the matters of the performing 
arts we should not limit ourselves to 
scientific arguments. Visit a friend or a 

continued on page 28 
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Engineers, chemists, 
mathematicians, 
physicists, 
electrical engineers 

Nuclear Propulsion Engineer your way into a starting salary of $10,684 and some of 
Officer the finest nuclear postgraduate training in the world. (You'll be 

making $17,385 after four yours.) 

Combine 11-grand a year with graduate training in math, ther­
modynamics, nuclear physics and advanced electrical 
engineering. . -it all adds up to a great future for you as an of­
ficer in the Nuclear Navy. 

Civil Engineer 
Corps 

Blueprint your future in Navy civil engineering. Work with and 
plan dams, bridges, and projects in housing, undersea and 
nuclear development and environmental protection. We'll start 
you at $9,000, plus free medical care and exchange privileges; 
you | be earning $11,000 after two years, and over $15,000 
after four. 

20 

Call Lt. Terry Tippett 

837-4416 

New Custom House 19th and Stout 

Downtown Denver 
The opportunity is for real... 
and so are we. NAVY 
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Learn to land a jet 
here and you can land one 

anywhere. 

Bringing in a supersonic jet on a 10,000 ft. cement runway is tough 
enough. But landing one on a 500 ft. piece of a carrier deck, moving at 
25 knots, is even tougher. Only a few men are good enough to do it. And 
they're all Navy trained. How can you become a member of the Naval Air 
team? One way is to join while you're still in college. One of the advantages 
of being part of the Aviation Reserve Officer Candidate (AVROC) Program 
is that it lets you continue working toward your degree. 

Getting your Navy Wings isn't easy. The training is tough. The least 
that will be expected of you is the best that other pilots can do. Their limits 
are your starting blocks, their expertise your primer. But if you succeed, 
your future is assured whether you remain in the Navy or not. 

For more information, talk to your local Navy Recruiter. 
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developments which added to the im­
proved fidelity of the stereo system. 
The 33 1/3 long playing record, 
magnetic cartridges, good pre-amps, 
tape recorders a consumer could af­
ford, availability of the 88-108 MHz fm 
broadcast band and good engineering 
made the words "high fidelity" mean 
something. The most important 
development occured in 1955 when 
Vilchur" published his paper on the 
AR-1 woofer—the acoustic suspension 
revolution of loudspeakers was on its 
way. 

Thus, when the first twin track 
modifications made tape recorders 2-
channel signal systems, it was natural 
to experiment with 2-channel systems. 
A feasibility study of both psy-
choacoustic and technical factors was 
done in England by Clark12, et. al. in 
1957 and was republished in the 
U.S.A.13 in 1958. On the basis of later 
psychoacoustic experiments, I would 
now dispute some of their findings 
However, the work was timely, compe­
tent, and covered the correct aspects of 
the subject. One most important fin­
ding was the "m-s" microphone 
technique. 

Clark's feasibility study, early stan­
dardization of the 45-45 stereo disk 
(which effectively doubled the system 
bandwidth in the transmission storage 
link), and development of the stereo-
multiplex system for fm broadcasting 
(again nearly doubling bandwidth) 
allowed all workers to develop 
hardware for a common goal. The 
loudspeaker revolution lowered the 
price to the point where a good 2-
channel stereo system of 1960 cost 
about the same as an equivalent quality 
mono system of 1955. This fact aided 
consumer acceptance as much as the 
improved quality. 

For music from the concert hall, the 
2-channel stereo does improve the 
simulation in a living room. Using a 
fairly realistic set of assumptions to 
make the problem reasonably simple, 
the Russian scientist Pavel G. Tager14, 
15 demonstrated mathematically that a 
2-channel system makes it possible for 
the home listener to detect the relative 
locations of instruments in a position 
along a line between the loudspeakers 
that is relative to the position of the in­
struments recorded at the live perfor­
mance. We must realize that this is a 
simulation of the normal concert hall 
situation where the orchestra is in front 
of the audience. The only questionable 
assumption in this theory is that reflec­
tions in the listening room are ignored. 

When we consider going to four 
channels, we must first ask— How 
much will the additional channels cost? 
and then— What do we get for two 
more channels? Remember that going 
from one to two channels did not dou­
ble the cost of a reasonable system. 
Now, we must look for something like 
the loudspeaker revolution if going to 
4-channel is not to double the cost. I do 
not see any possibilities for a second 
revolution in price for loudspeakers 
nor do I see any portion of a home 
music system where future technology 
will make a significant price reduction. 
D o u b l i n g  t h e  i n v e s t m e n t  i n  
loudspeakers means that a 4-channel 
system costs about 1.5 to 1.8 times as 
much as a 2-channel system. The ad-
ditional cost is going to have to be 
justified on the basis of the additional 
enjoyment provided by the additional 
channels. 

THE SECOND FOOLISH IDEA 
The 4-channel system mil do a better 

job of bringing the concert hall listening 
experience into your living room 
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The motivation for going from one 
to two channels was the improved 
simulation of the concert hall ex­
perience in a living room by the addi­
tion of directional information. The 
false analogy is that since this explana­
tion motivated the mono to stereo 
developments of the late 1950's, the 
same reasoning is valid going from 
stereo to four channel. Two basic 
reasons are often given for 4-channel 
systems doing better than stereo 
systems at bringing the concert hall ex­
perience home: (I) enhanced direc­
tional effects (2) added ambience. The 
illustrations in papers advancing the 
first reason show a listener in the center 
of four or more loudspeakers to give 
the idea of sounds coming from the 
rear as well as from the front. The thing 
that is always missing from these pic­
tures and theories is a companion pic­
ture showing the actual source of the 
acoustic field being transmitted and the 
location of the pickup microphones. If 
you accurately consider the case of four 
microphones anywhere out in the 
audience area of a concert hall, coupled 
to four loudspeakers via completely in­
dependent channels (eg. 4-track tape), 
you may share Tager's15 description of 
the result as "confusion-phonic." 
Tager comes to a very clear and ac­
c u r a t e  c o n c l u s i o n  t h a t  t w o  
microphones, two transmission-storage 
channels, and two loudspeakers are not 
perfect, but are as good as we can get. 
Adding more channels makes the 
results worse. 

Thus, 4-channel degrades rather 
than enhances directional effects and 
we must look for another reason for 
adding channels. This leads us into 
considering ambience of the concert 
hall. A full discussion of the artistic 
and scientific ideas of ambience would 
be too lengthy here. Briefly however, 
acousticians usually consider that two 
kinds of sound reach a listener. Direct 
sound comes from the performance on 
a straight line path. Ambience is sound 
t h a t  h a s  b o u n c e d  a r o u n d  t h e  
auditorium several times before it is 
finally dissipated. If this sound is 
r e f l e c t e d  f r o m  a  f l a t  s u r f a c e  a n d  
reaches the listener more than 40 
milliseconds after the direct sound, an 
echo occurs which is quite undesirable. 
Good auditoriums have rough walls 
(hand hewn rock is great), lots of 
breaks, and ornamentation so that the 
sound is both reflected and scattered. A 
good amount of sound energy is con­
tained in this reverberant field but it is 
diffused in time. If an instrument on 
the stage emits a staccato note lasting 
about 100 milliseconds, the listener will 
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hear the reverberant sound start about 
20 to 50 milliseconds after the direct 
sound. The reverberant sound will 
build up in a jagged fashion as a result 
of interference from different reflection 
paths, scattering at each reflecting sur­
face, and finally die out. The staccato 
note may have been only 100 
milliseconds long, but the reverberant 
sound energy will not reach the truly 
negligible level of being down 60 dB 
until about two seconds later. This time 
is called the reverberation time of the 
auditorium. 

The reverberant field is a summation 
of a group of transient sounds that 
arrive at almost random times with the 
mean delay time of about VA second. 
The individual components of the 
reverberant field come from all sorts of 
directions (including the front) and 
cannot be assigned a direction vector. 

What good can 4-channel do in 
bringing this ambient sound to your 
living room? Let me follow Eargle3 and 
use two cardioid mikes placed close 
enough to the orchestra to pick up 
direct sound only. Two additional car­
dioid microphones are placed less than 
30 feet further out in the auditorium. 
Eargle can only suggest experimenta­
tion for aiming these rear microphones. 
If we aim them at the orchestra, we get 
Tager's "confusion-phonic." If we 
follow Long16 and aim them at the rear 
of the auditorium we get mostly the 
reverberant sound. As long as no one 
puts a strong hand on the gain control 
and tries to make the VU meters for 
these channels equal the VU meters for 
the front channels we can bring this 
reverberant or ambient sound field into 
the living room. 

If you think I have finally gotten to 
the point where I must admit that 4-
channel has at least a feeble reason to 
exist—don't bet on it. Why are two ex­
tra channels needed to carry a rather 
limited amount of information? 

The ambience information is delayed 
about VA second and 25 milliseconds 
plus or minus will not make a bit of 
difference. Thus, I can take Long's 
rearward pointed microphones and 
add their outputs into the direct sound 
channels to add ambience to the 2-
channel system. I can even use just two 
omnidirectional mikes for the stereo 
pickup and move them back and forth 
to achieve balance between direct and 
ambient sounds. Four channels will do 
a poorer job of bringing the concert 
hall experience into your living room 
and you are better off with 2-channel 
stereo for this musical reproduction 
goal. 

THE THIRD FOOLISH IDEA 
Four-channel systems can and must be 

compatible with the existing 2-channel 
stereo equipment. 

In discussing the mixing of a 4-
channel recording, Eargle3 states— "it 
is important that the 2-channel and 
monophonic compatibility of the four 
signals be carefully checked." There 
are obvious business reasons behind 
this since there is a lot of 2-channel 
equipment in service and developing a 
market for new recordings means that 
they must play on existing equipment. 
Note that a significant key to the 
switch from mono to stereo was that 
the stereo record and stereo fm broad­
c a s t s  w o u l d  p l a y  t h r o u g h  t h e  
monophonic equipment. 

Let us re-examine the compatibility 
of stereo and mono now that the con­
version is essentially complete. There is 
still a need for mono reproduction of 

>,stereo material and it is accomplished 

by linearly adding the two signals. 
Mono playback occurs only in very in­
expensive phonographs, table model 
fm receivers automotive radios, and in 
am broadcast receivers. Most of these 
units have such low quality that they 
cannot display loss of fidelity caused by 
the linear addition of left and right 
signals to obtain the mono signal. The 
l o s s  o f  q u a l i t y  i s  c a u s e d  b y  t h e  
difference in path length between 
s o u n d  s o u r c e s  a n d  t h e  t w o  
microphones. The path length causes a 
relative phase angle between signals, 
and if the angle is near 180° linear ad­
dition results in partial cancellation. 
The frequency response of the mono 
signal has a set of minimums where the 
frequencies of the minimums are deter-
m i n e d  b y  s o u n d  s o u r c e  a n d  
microphone placement. 

The idea of 4-channel compatibility 
also carries another dimension of trou­
ble. The linear sum of the signals for 

mono-playback is not important 
because of the low quality of most 
mono equipment. This is emphatically 
not true for the 2-channel case. Adding 
the left front and left rear signals to get 
a composite signal for the left side (and 
doing likewise in the right) will have 
the same problems as adding left and 
right to get mono from 2-channel 
stereo. If the rear channels contain only 
ambience information, there will not be 
cancellation of the direct signals and 
the results will be satisfactory. 
However, if the rear channels carry a 
portion of the direct sound, there will 
be a lot of cancellation because of the 
f r o n t  t o  b a c k  s p a c i n g  o f  t h e  
microphones. 

Thus, there is a significant technical 
reason against 2 and 4-channel com­
patibility achieved by linear addition. 
Since there is little understanding of the 
musical problems involved, I think it is 
a mistake to worry about compatibility 
at this state of 4-channel development. 
THE FOURTH FOOLISH IDEA 

Four signals can be linearly encoded 
into two channels, recorded and or 
transmitted, and be decoded into four 
useful signals. 

Yes, I am on my soap box about the 
4-2-4 matrix method of achieving poor 
man's 4-channel. Those of us who 
know something of communication 
system theory are appalled by the basic 
idea of the 4-2-4 system which does not 
have increased bandwidth in the two 
t r a n s m i s s i o n  c h a n n e l s — t h i s  i s  a  
f l a g r a n t  v i o l a t i o n  o f  S h a n n o n ' s  
channel capacity theory. It makes 
about as much sense as simultaneously 
putting equal flows of kerosene and 
gasoline into a pipeline at Dallas and 
expecting to separate gasoline and 
kerosene in Denver. 

In the fine print of the matrix theory 
papers, this problem is politely 
acknowledged as lack of separation. 
Scheiber9 points out that a symmetrical 
4-2-4 matrix system will have a whole 3 
dB of separation between channels. By 
abandoning symmetry, one can trade 
front to rear separation for left to right 
separation. The result is about a dB of 
separation in the unfavored direction 
and one might as well forget using a 
decoder on the 2-channel signal. 

Does this lack of separation cause 
musical mischief? Let Walter Carlos 
answer that one for me in a quote from 
Billboard, August 5, 1972: 

"When Rachel Elkind and 1 
began our new Sonic Seasonings 
album, we planned for quadrasonic 
and recorded all the materials in 
quadrasonic. That master, like 
Clockwork Orange and most of our 
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other product, is already mixed in 
4-channel. We tried to process this 
master on all the known matrix 
systems, and a few not so known. I 
am most unhappy to report that the 
results were catastrophic most of 
the time, and ho-hum for the rest. 
And this was using the latest state-
of-the-art matrix equipment, a 
magnitude better than home matrix 
systems. Our Switched on Bach was 
released in the best of the matrix 
systems, CBS's SQ, and we later 
discovered that, despite some 
musical acclaim, it is a pale mirror 
of the quadrasonic master. Worse, 
t h e  m u s i c a l  b a l a n c e s  a r e  
irrevocably bastardized so that, at 
m a n y  t i m e s ,  s o l o  l i n e s  a r e  
obliterated by accompaniment. 
Columbia has generously agreed to 
withdraw this album. If you should 
come across any remaining copies 
of the SQ version, avoid it like the 
plague—a strange sentiment for 
profit consciousness, but in the 
long run we believe it is the only 
valid decision possible." 
T h e  p r o p o n e n t s  o f  t h e  m a t r i x  

systems will reply to these criticisms 
stating thattheyhave done the following 
sort of experiment. A 4-channel master 
tape is run through the encoder, two 
short pieces of transmission line and 
through the decoder. A quad of 
amplifiers and loudspeakers is switched 
back and forth to compare the master 
with the signals going through the 4-2-4 
matrix path. Listening panels proclaim 
that there is not much difference in the 
sound and the implication is that the 4-
2-4 system being tested is good enough. 

What is the flaw in this kind of 
reasoning? The music used is usually 
from the concert hall and the listening 
panels are instructed to listen for loss 
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of directional effects caused by the 
matrix. Neither the panels nor the 
recording engineers who made the 4-
channel master are aware of Tager's 
pronouncement of the discrete 4-
channel reproduction as "confusion-
phonic." The directional information 
got all scrambled up by going to 4-
channel—there is not much more to 
lose in further scrambling by the 4-2-4 
matrix. If one of Walter Carlos' Moog 
S y n t h e s i z e r  t a p e s ,  o r  s o m e t h i n g  
recorded in an acoustically dead studio 
were subjected to the same test, the 
listening panel would black-ball the 4-
2-4 matrix. 

If you have a limited budget for 
music reproduction equipment, avoid 
any and all of the systems which claim 
to bring you 4-channels via a disk 
recording. You will invest your money 
more wisely if you carefully select a 2-
channel stereo system. 
THE ONE GOOD IDEA 

On music jrom the synthesizer or from 
an acoustically dead recording studio 
Jour independent channels and four 
carefully placed loudspeakers can add a 
new dimension of intimacy to contem­
porary music. 

There is a hint of this promise in the 
quotation from Walter Carlos. If you 
are not concerned with music from'the 
concert hall you have no traditions of 
auditonum. acoustics to handicap ar-

L 11 aCrea y- 11 is  possible for a 
skilled recording director to plan the 

Fn the'T11'* t0 haVC artistic meaning 
in the dimensions of your living room 
The only thing currently lacking 

achieving this promise is standardiza­
tion of loudspeaker placement so that 
the listener can place his speakers 
where the recording director planned. 

If you want to experiment with con­
temporary music reproduction via 4-
channels, here are some rules to follow: 

Give 
till 
it 
helps. 

+ The American ,= 
Red Cross. 
The Good J 
Neighbor. 

in 
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(1) Thou shall not bother with 4-2-
4 matricies. 

(2) Thou shall not worry with con­
cert hall music. 

(3) Thou shall expect to spend 
twice as much money for 4-
channel equipment. 

(4) Thou shall pray for develop­
ment of a tape system using 1.5 
cm or wider tape running at 
19.8 cm/sec which will play 
both sides of the tape. 

(5) Thou shall be careful that your 
3-way loudspeaker systems 
have excellent low frequency 
response, adequate acoustic 
output power capability, and 
low distortion in the tweeter. 

(6) Thou shall try to learn where 
the music director placed his 
loudspeakers for the final mix-
down. 

(7) Thou shall not be concerned 
with compatibility. 

(8) Thou shall not expect the 
results to be twice as good as 
can be obtained with 2-channel 
stereo. 

I think even the most enthusiastic 
marketing managers will someday 
come to learn what Abraham Lincoln 
meant when he said: 

If you once forfeit the confidence 
of your fellow citizens, you can 
never regain their respect and es­
teem. It is true that you may fool all 
of the people some of the time; you 
can even fool some of the people all 
of the time; but you can't fool all of 
the people all of the time. 
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1974 E-Days 
Engineering Days (April 26-27) were 

a big success this year. A wide variety 
of interesting events allowed many 
students to get involved. The events on 
Friday included the awards banquet, 
paper airplane contest, egg drop sur­
vivability contest, and a softball tour­
nament. The main event on Saturday 
was the picnic at Harlow Platts park. 
At the picnic, the U.S.S. Poseidon won 
the concrete canoe race. Professor 
Phillip Ostwald received the meanest 
professor "purple screw" award, and 
everyone ate chicken, drank beer and 
had a good time. 
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M never know 
how much good 

you can do 
untilyoudoit. 

If you can spare even a few hours 
a week, you can help people. 

Call the Voluntary Action Center 
in your town. Or write: 
'Volunteer!' Washington, DC. 20013. 

 ̂Wunteer. — 
The National Center far VJunory'Action I 

A«^Setv<*dIl«Nev«oaoefST>«Aaver6s»*) Court COUKB 

con t i nued  f rom page  19  
dealer who has a good quadraphonic 
reproducer and hear ii for yourself. 
Then make your own decision. I think 
you will agree with me: Four-Channel 
Sound? Yes! 
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Stan Kaufman Fights 
fater With Jetty... 

keep people talking. Bell Labs chemical 
lysicist Stan Kaufman invented a material that 
rns waterlogged underground phone cable 
to a water-free "jelly roll" that can carry calls 
ain. Pumped through football-field lengths 

t cable as a liquid, the material forces water out 
and then turns to jelly—to keep the water out. 
Water sometimes seeps into cable damaged by 
plows, lightning, gophers, or sharp rocks. Phone 
alls going through the cable become noisy or 

don't go through at all. Until now telephone 
companies had to abandon waterlogged cable, 
or dig it up and replace it, or use acetone to 
lush out the water. Once the acetone was 

evaporated, however, there was 
nothing to prevent water from 
getting back in again. 

We needed an inexpensive 
water-repellent liquid that 
would turn into a jelly inside 
a cable and plug up holes. 
The material also had to be 
electrically nonconduc-
tive so it wouldn't 
interfere with tele­
phone signals. 
Such a material 

didn't exist, so we asked Stan Kaufman, a 1970 
Ph.D. from Brown University, to tackle the problem. 
Drawing on his knowledge of molecular structure and 
working with telephone company engineers—some­
times in muddy cable trenches—Stan came up with a 
new compound. A Western Electric engineer modified 
a pump to force the compound through long lengths of 
cable. And during field trials, operating telephone 
engineers suggested installation procedures. 
Bell Telephone companies are happy because they 
don't have to dig up as much waterlogged cable, 
which often runs under highways and people's lawns, 
and because restoring an otherwise good cable helps 
hold down the cost of providing telephone service. 



Sales and Service. 
Is this the kind 

of engineering for you? 
Trying to figure out the exact 

kind of engineering work you should 
go into can be pretty tough. 

One minute you're studying a 
general area like mechanical or elec­
trical engineering. The next you're 
faced with a maze of job functions 
you don't fully understand. And that 
often are called different names by 
different companies. 

General Electric employs quite 

a few engineers. So we thought a 
series of ads explaining the work 
they do might come in handy. After 
all, it's better to understand the vari­
ous job functions before a job inter­
view than waste your interview time 
trying to learn about them. 

Basically, engineering at GE 
(and many other companies) can be 
divided into three areas. Developing 
and designing products and systems. 

Manufacturing products. Sell 
and servicing products. 

This ad outlines the type 
work found in the Sales and Sen 
area of GE. Other ads in this sen 
will cover the two remaining are 

We also have a handy guide th. 
explains all three areas. For a fr 
copy, just write: General Electr 
Dept. AK-3, 570 Lexington Ave 
New York, New York 10022. 

Sales Engineering 
Sales engineering is technical marketing. 
Sales engineers at GE are the important liai­
son between GE manufacturing facilities and 
utility, industrial, distributor and govern­
mental customers. Working closely with 
assigned customers, they use their 
technical background to recognize 
customer needs and recommend 
GE products or systems to fill 
them. From small AC motors to 
huge turbine-generator units. 
Requires a thorough 
understanding of a customer's 
business, as well as a wide 
range of GE products. 
Plus the ability to work 
well with people and to 
recognize a good business 
opportunity. 

Application 
Engineering 

Application engineers are technical experts 
who work closely with the sales engineer 
and the customers' engineers. Their job is to 
analyze special problems and equipment 
needs of customers, then determine the opti­
mum GE products or systems to meet them. 
There are two kinds of application engineers. 
The first works out of a sales operation and 
is adept at applying a wide variety of prod­
ucts to create a "system" that meets the cus­
tomers' needs. The second works in a 
product manufacturing department and is a 
specialist at applying the products of that one 
department. Both must have in-depth knowl­
edge of the customers' technical needs. They 
often consult with product planners and other 

marketing personnel to suggest ideas for new 
or modified products. 

Field Engineering 
Field engineers at GE plan and supervise the 

installation and service of large equipment 
systems worldwide in two main customer 

areas. Power generation and deliv­
ery equipment for utilities. And 

heavy apparatus for industrial 
customers such as paper and 

steel mills, chemical plants and 
machine tool manufacturers. 

They specialize in either 
the mechanical/nuclear or 

electrical/electronic 
areas. Since field engi­

neers are often called to 
troubleshoot and correct a 

customer equipment problem, 
it requires the technical competence 

and creative ability to handle the dif­
ferent, the difficult and the unexpected. 

Plus the ability to take charge, lead people, 
and make independent, on-the-spot decisions. 

Product Planning 
Product planning is a marketing function. 
Product planners make sure a product line 
offers what customers need at competitive 
prices. They determine the need for a new or 
modified product, product availability, mar­
ket size, cost structure, profitability, specifi­
cations and distribution channels. To do this, 
they work with market researchers, applica­
tion and sales engineers, finance experts, 
marketing management, plus design and 
manufacturing engineers. Their engineering 
background is a big plus. This work requires 
self-starters who can coordinate a project 
and sell their ideas to management. 
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