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Interior lights at the new Holmdel 
laboratory illuminate the surface 

Cover concrete podium around the
building, as the moon rises over the 
surrounding hills. (See page 316)



Large lobby separates the two building sections 
at Holmdel. The lobby is ringed by balconies on 
the four upper floors and is topped by a skylight.
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The

HOLMDEL
H. J. Wallis

Laboratories

i

During  1954 and 1955, M. H. Cook, then V ice  
P resident o f  Bell L aboratories, began a study 

o f  fu tu re  grow th  and space requirem ents. The 
results o f  his study clearly  indicated the need fo r  
substantial areas at both the M urray Hill, N. J. 
and W hippany, N . J., locations to reduce over­
crow ding and to accom m odate fu rth er  grow th. 
The study fu rth er  disclosed a changing  ratio o f  
office space to laboratory  space, w hich  had re­
sulted in the use o f  substantial am ounts o f  lab­
oratory  space fo r  office occupancy.

Several fa ctors  indicated that a new m ajor 
location w ould ultim ately be required to m eet our 
needs, instead o f  large-scale  additions to our ex­
isting  locations. The principal o f  these considera­
tions w ere as fo l lo w s :

1. The need fo r  an adequate am ount o f  suitable 
housing w ith in  reasonable com m uting d is­
tances.

2. The problem  o f  ob ta in in g  an adequate num ­
ber o f  support personnel.

3. The fa c to r  o f  decreasing  efficiency o f  oper­
ations as bu ild ings at a location  becom e m ore 
scattered.

4. The general im pact upon the com m unity  in 
w hich w e are located.

H aving determ ined that a new m a jor  Bell L ab­
oratories location  w as needed, a com m ittee w as 
form ed to develop cr ite r ia  f o r  the new  build ings 
and facilities , and ultim ately  to recom m end an 
architect. The com m ittee w as com posed o f  W . A . 
M acN air, H. T . F riis , H. J. W allis, R. H. K en­

dall, and R. H. M cCarthy (W estern  E lectric C o .), 
under the chairm anship o f  M. H. Cook.

The first effort o f  the com m ittee was to have 
the P lant E ngineer make an engineering study, 
w ith  the aid o f  the E xecutive A sistants at each 
location, on the problem s w hich had been en­
countered in ex isting  laboratory buildings. As 
m ight be expected, he com piled a substantial list 
o f  com m ents. N o single potential design could 
possibly correct all the problem s listed, but there 
appeared to be a considerable group w hich w ere 
soluble.

F rom  these com m ents, the com m ittee drew  up 
a list o f  e igh t criteria  w hich they fe lt  w ere a 
m inim um  that any ultim ate design should fulfill. 
They included:

1. M axim um  flexibility  in the use o f  space.
2. Centrally located com m on service facilities 

such as library, m edical, personnel, restau­
rant, and reproduction.

3. F lex ib ility  to make changes in laboratories, 
w ith  m inim um  interruption  o f  work.

4. M inim um  traffic past offices and Labs.
5. Central a ir  condition ing.
6. M inim um  distance from  parking lots to 

build ings.
7. Road system  to elim inate pedestrian traffic 

across roads, plus m inim um  traffic problem s 
on public roads.

8. C onstruction and operating costs as low  as 
feasible.
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The reasoning behind the various cr iteria  are 
as fo l lo w s :

1. Flexibility in Use of Space: Based on past 
experience, the ratio  o f  laboratory  to office space 
will constantly change. W hen B uild ing  1 was 
erected at M urray Hill, fo r  exam ple, 26 per cent 
o f  the floor space was assigned to offices, w ith  the 
balance reserved fo r  laboratories. A ll essential 
services w ere bu ilt into the walls o f  the space des­
ignated fo r  laboratories. W hen B uild ing  2 was 
built seven years later, the floor space allocated 
to offices w as 40 per cent o f  the total. Even this 
later proved to be inadequate, so B uild ing  3, 
w hich w as virtually  all offices, was erected, b r in g ­
in g  the over all ratio o f  offices to laboratories to 
50:50.

Even w ithin  the over-all ratio, the proportions 
o f  space devoted to laboratory  and office w ork  
vary as the functions o f  the departm ent change. 
Thus, we w ould like to be able to alter this ratio 
conveniently, w ithout having to use space equipped 
w ith  expensive service fa cilities  fo r  office occu ­
pancy.

2. Centrally Located Common Facilities: In 
our present build ings at M urray H ill and W hip- 
pany, long walks are required in m any instances 
to reach the library, m edical departm ent, and 
restaurants. W ith  other fa cilities  such as tran ­
scription , duplication, stock room , and shops, the 
need fo r  nearby location has led to considerable

Perimeter corridors, used for all major traffic, 
provide a continuous view of the countryside.

duplication. T h is situation  w as to be avoided as 
fa r  as possible in the new building.

3. Flexibility in Making Rearrangements: 
W henever a laboratory  rearrangem ent is re­
quired in ex istin g  designs, the laboratory  has to 
be shut down, and its occupants m oved out fo r  
several weeks, w hile w orkm en change basic serv­
ices and locations. Only then can the equipm ent 
be m oved in and connected. A lso, when new ser­
vices are required, laboratories on floors below 
are o ften  disrupted as the services are brought 
up through  the walls from  the cellar.

In the new build ings w e w anted an arrange­
m ent in w hich a substantial am ount o f  the w ork 
could be done outside the laboratory, ahead o f 
the move, w ithout disruption  to any w orking 
space, w ith  “ hook-up”  tim e cu t to a m inimum.

4. Minimum Traffic: W ith  the build ings now 
being  used, all traffic through  an area m ust pass 
every laboratory  and office, w ith  the few  except- 
tions o f  office w ings w here they exist. Obviously, 
i f  traffic could be reduced to only that directly 
concerned w ith  the departm ent itself, the distrac­
tions w ould be concurrently  reduced greatly.

5. Air Conditioning: W hile this requirem ent 
w ould seem  self-explanatory, at least tw o com ­
ments are necessary. Our experience over the past 
ten years has shown a rapidly changing  technol­
ogy  requ irin g  m ore and m ore air-cond itioned lab­
oratories to conduct our w ork  properly. N ot only 
is piece-m eal addition  o f  a ir con d ition in g  ex­
trem ely costly, but w indow  units tend to destroy 
the appearance o f  our build ings. W e also accepted 
the be lie f that a ir  con d ition in g  has a beneficial 
relationship to increased efficiency and output, as 
well as reduced absenteeism .

6. Parking Lot Location: A  requirem ent with 
our ex istin g  bu ild ings is that park ing lots be 
separated by a considerable distance from  the 
build ings, in order to landscape the property  fo r  
appearance’ sake. There seems to be little point in 
locating  a new  bu ild ing  in a rural or suburban 
atm osphere i f  the only v iew  from  a w indow  is a 
sea o f  cars. On the other hand, no one wants to 
walk the excessive distance im plied by a large 
green belt all around the build ing. D istance also 
involves the tim e o f  w alking, during  w hich an em­
ployee m ay be exposed to inclem ent w eather.

7. Road System: The road system  at existing 
build ings is fa r  from  ideal. N orm ally, there is 
too much cross traffic on our grounds as well as 
w ithin the park ing lots, under relatively unsafe 
and unregulated conditions, and too m uch “ sort­
in g ”  o f  traffic by destination a fte r  the autom o­
biles have reached the public roads in the vicin ity. 
B oth situations lead to unsafe conditions am ong
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ourselves and w ith  our neighbors. Ideally, the 
road system  at H olm del should provide m inim um  
cross traffic, and sort out drivers on com pany 
property, b e fo re  releasing them  to the public 
roads nearest the logical point o f  departure fo r  
their destination.

8. Economy of Construction and Maintenance: 
Once again, th is cr iterion  seem ed to be se lf-ex ­
planatory, since both the cost fa ctors  o f  initial 
construction  and m aintenance had to be con ­
sidered in any evaluation.

W hile form u la tin g  these criteria , the com m ittee 
m em bers v isited  various research  and develop­
m ent laboratories around the nation, in groups 
and singly , looking at new construction  and d is­
cussing the ob jectives behind each o f  the various 
designs, as well as determ in ing  the degree to 
w hich the designs w ere successfu l in m eeting the 
objectives.

W ith  these criteria  and decisions, and even a 
tentative design, the com m ittee then faced  the 
problem  o f  selecting  an arch itect to carry  out 
the aim s. U ltim ately, the unanim ous choice fell 
on the fam ed arch itect, the late E ero Saarinen. 
Mr. Saarinen began w ork  on the design  in 1957. 
In 1959, w hen he com pleted the final design, M r. 
Saarinen w ro te :

“ The challenge fo r  us in the new laboratories 
at H olm del w as to m ake today the same advance 
in the science o f  planning research and develop­

m ent laboratories fo r  our tim e as the Bell Lab­
oratories at M urray Hill, built some years ago, 
did fo r  their time. To that end, we tried to bene­
fit from  all the experience, technology and ideas 
o f  am enities in research centers arrived at during 
the past tw o decades. As a result, we have 
achieved an entirely new kind o f  plan and a new 
technical developm ent in building.

“ Investigating  and re-exam ining the develop­
m ent o f  laboratory and office centers to date, we 
found o f  prim ary significance the fa ct  that per­
sons using these centers depend on air condition ­
ing and efficient artificial lighting  rather than 
on w indow s fo r  their ventilation and lighting. 
A s a consequence, the trend had been to use deep­
er space in buildings w ithout w indow s, w ith  only 
a few  adm inistrative offices w ith w indow s lining 
the periphery o f  the buildings. Even then, w in ­
dows w ere usually obscured by Venetian blinds 
or other form s o f  sun-shading . . . A fte r  much 
study, we arrived at a radically new plan. It is 
based on the idea o f  putting all laboratories and 
offices in in terior space on short cross-block cor­
ridors and leaving the entire w indow -periphery 
free  fo r  main corridors.

“ In  its final stage, the Bell Laboratories will 
consist o f  fou r  long-span separate building blocks, 
separated by a cross-shaped space w ith interior 
garden courts. B uild ings and courts w ill be 
covered by one roo f. The plan o f each o f  the fou r

Photo shows typical conference room at Holmdel. There are twenty such conference rooms in the new 
laboratory, located at each end of both sections on the five upper floors, as shown on the floor plan.



units can be thought o f  as the g rid iron  o f  a 
footba ll field. The m ain or  trunk corridors run 
around the outside o f  the rectangle. The per­
pendicular lines represent alternating short cor­
ridors and structural utility  walls.

“ The advantages o f  this plan are m any. F lex i­
b ility  is at a m axim um . Each o f  the cross-bu ild ­
ing cores is the w idth o f  seven s ix -foo t modules. 
The entire core can be used as an open area, such 
as a d ra ftin g  or typ in g  pool, or it can be split 
into 12, 18 or 24 -foot w ide areas. . . . A ll service 
w ork  can be done in the fo u r -fo o t  w ide service 
cores w ithout in terferin g  w ith  the occupants o f  a 
laboratory  or  office during  change-overs or in tro­
duction o f  new equipm ent.

“ The plan provides privacy  fo r  individuals in 
their offices and gives each the best controlled 
environm ent w ith  the m ost efficient use o f  air 
condition ing  and m odern lighting, efficient and 
flexible storage-w all space and, particu larly im ­
portant in the laboratories, great flexibility  in 
arrangem ents o f  instrum ents and laboratory 
furn iture.

“ The plan also ensures short, private corridors 
fo r  easy internal com m unication. Since m ajor 
fo o t traffic is relegated to the outside or p eri­
phery corridors in each bu ild ing block, personnel 
will not be disturbed by m ovem ents o f  other 
em ployees.

“ The plan also allowed us to take fu ll advantage 
o f  the country site. Instead o f  offices and labora­
tories w ith  small w indow s, covered w ith  some 
sun-shading device, there can be continuous floor- 
to -ce ilin g  glass walls fo r  the corridors around 
each build ing block. Gone com pletely are the old 
claustrophobic, dreary, prison-like corridors. 
E m erg in g  from  concentration  in laboratory or 
office, the individual w ill com e upon the sweeping, 
uninterrupted view s o f  gently rolling hills and 
form al planting and o f  the w inter-garden in terior 
court. A t  such m om ents o f  relaxation, w alking 
down the periphery corridor, he can feel re fresh ­
ed by the encounter w ith  these view s and really 
appreciate them.

“ O bviously, we w anted to keep the continuous 
outside glass walls free  o f  all w indow  shading. 
W e have all long wanted to encourage the m anu­
factu re  o f  translucent wall m aterials that would 
act as a continuous transparent w indow  from  the 
inside but would, on the exterior, be a reflecting 
su rface  against the fie rce  heat o f  the sun. Steps 
in this d irection  have been taken by the m anu­
factu re  o f  tinted glass. But now ,”  w rote the arch i­
tect in 1959, “ we believe that the developm ent o f  
a new m aterial will represent a m ajor break­
th rou gh .”

M r. Saarinen was re fe rr in g  to a new low ­
brightness reflective glass— a m irrored  glass 
w hich would reflect 70 per cent o f  the sun ’s heat 
at 25 per cent light transm ission. It is a laminate, 
w ith a thin film o f  alum inum  bonded betw een the 
panes to protect the alum inum  fro m  the weather. 
As in the developm ent o f  m any new and forw ard - 
looking products, m anufacturing  difficulties w ere 
encountered in the perfection  o f  th is new  glass. 
Rather than hold up build ing construction  fo r  
an extended period o f  tim e, a sound alternative 
was to use a gray  glass on the fro n t  and side 
facades. This m aterial is also heat and glare re­
sistant and, since it is not com pletely transparent, 
g ives the bu ild ing the fo rm  it would not have 
w ith clear glass. The reflective, m irrored  glass, 
in spite o f  som e irregu larities in appearance, was 
installed on the rear facade. Several m anufac­
turers are now w ork ing  on various types o f  this 
m irrored glass, and the properties o f  these prod­
ucts are being evaluated.

A s shown to the public this m onth, and as ex­
perienced by the 2,600 L aboratories em ployees who 
now w ork  in this center, the new laboratory  is a 
six -story  build ing o f  re in forced  concrete, en­
closed by a wall o f  glass. The landscaping and 
roads around the bu ild ing w ere designed and 
built to blend the strength  and grace o f  the build­
ing w ith  its 460-acre site and the surrounding 
terrain, and are ringed by w ooded hills in Holm- 
del Tow nship in the north central part o f  M on­
m outh County

W ith  the W estern  E lectric Com pany in charge 
o f  the project, F rank B riscoe  C onstruction  Co. o f 
Newai’k, N. J., was the general contractor.

M ore than 50,000 cubic yards o f  poured con­
crete and 4,000 tons o f  re in forc in g  steel went 
into the re in forced  concrete structural fram e and 
floors. The bu ild ing is built alm ost entirely on 
piles. The first floor o f  the structure is partially 
below  grade. The five stories above grade rise 
above a surrounding concrete podium , w hich it­
se lf rises fou r  to five fe e t  above grade. Besides 
g iv in g  the appearance o f  a broad architectural 
base fo r  the build ing, the podium  also houses the 
intake and exhaust system  fo r  the bu ild in g ’s air 
condition ing. The build ing is actually tw o sepa­
rate, identical sections w ithin  the r o o f  and glass 
wall w hich enclose the build ings. N early 100,000 
square feet o f  glass, in 3 ’4" by 6'6" panes, are 
fram ed by m ore than 100 tons o f  black anodized 
alum inum  m ullions. The 4,500 panes are m ounted 
in neoprene gaskets. A  large lobby on the second 
floor separates the tw o sections, and is ringed  by 
balconies on the fou r  h igher floors. The lobby is 
topped by a skylight.
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Computation center at Holmdel houses ayi 
IBM 7090 computer. The room is located on 
the first floor next to the auditorium, and 
extends out from the rear of the building.

Drafting area is typical of the use of 'un­
interrupted space made possible by modular 
construction. Such an area could be convert­
ed quickly into private offices or laboratories, r

The Holmdel library, also located at the rear ^  
of the first floor, has a present capacity of 
H,000 volumes and some 500 periodical titles.



From, this console, the engineer can monitor and supervise 
all components in the air conditioning and heating systems.

^  View of corner gives indication of construction and shov 
how low transmission glass provides structural for>



M easuring 700 fee t across the fro n t  and 135 
feet deep, the bu ild in g  rises 70 fee t above grade 
in the fron t. A  concrete canopy shelters the fron t 
entrance. T w o elevator tow ers, m easuring 55 
by 60 fe e t and 83 fee t high , are connected, one 
to each section  o f  the m ain bu ild ing, by  glass- 
walled bridges at the rear o f  the bu ild ing. The 
tow ers each contain  thi*ee elevators w ith  prov i­
sion fo r  a fou rth . E xtended to the rear w ith  the 
elevator tow ers is the part o f  the first floor w hich 
is above grade. T h is area includes m aintenance, 
m echanical and equipm ent, sh ipping and re­
ceiving, and m ail room s. Betw een the tow ers is 
a large lecture hall and com putation  center.

The bu ild ing  has a gross area o f  715,000 squai'e 
feet, o f  w h ich  about 360,000 square fee t are as­
signable as w ork  space.

One unusual con stru ction  featu re  on the first 
floor is the use o f  90 -foot prestressed rein forced  
concrete beam s to span the sh ipp in g  and receiv ­
ing areas as well as the boiler and a ir con d ition ­
ing areas at each end o f  the bu ild ing. A lso, the 
entrances to these areas are beneath the side en­
trances and below  the fro n t  grade, m aking them  
virtually  “ out o f  s ig h t.”

A  restaurant extends out past the elevator 
tow ers and the first floor at the center o f  the rear

o f  the building. Capable o f  holding about 1,000 
people, the restaurant is also enclosed by a glass 
curtain  wall and provides a view  o f  the surround­
ing landscape. Foliage-filled planters and exposed 
concrete colum ns divide the room  into sections.

This use o f  exposed concrete is a recurring  
feature in the building. The bush-ham m ered con ­
crete appears on the podium  wall and elevator 
tow ers, at the entrances, and in the lobby, lecture 
hall, d in ing  area and other locations.

A lso on the first floor is a library w ith  a pres­
ent capacity  o f  about 14,000 volum es and some 
500 periodical titles. The first floor also has shops, 
a ir handling equipment, stockroom s and other 
services.

A s m entioned in the arch itect’ s original report, 
all m ain corridors are on the perim eter, w ith  a 
g r id  o f  six  cross-aisles in each section (o r  12 on 
each floor) connecting the fron t and rear main 
corridors. Laboratories and offices are located on 
these cross-aisles. M ajor fo o t  traffic is confined 
to the perim eter corridors. There are con ference 
room s and toilet facilities at each end o f  both 
sections on the upper five floors, w ith  a total o f 
20 conference room s.

The distance between fro n t  and rear perim eter 
corrid ors is 120 feet and the cross-aisle area, in-

Operator checks pressure gauges in boiler room. 
Installed capacity of the three steam generators

is 52,000 pounds of steam per hour. Control room 
(opposite page) is on mezzanine in this room.
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eluding laboratory, aisle and office is 42 fee t wide. 
A  s ix -b y -s ix -foo t m odular g r id  prevails in the 
laboratory  and office space areas. The aisle is 
norm ally situated so as to provide 24-foot-deep 
laboratories on one side and 12-foot-deep offices 
on the other.

Laboratories in one cross-aisle area are back- 
to-back w ith  those in the next, w ith  a walk-in 
service core between. In this service core are 
distributed the various m echanical and electrical 
services, such as p ip ing  fo r  liquids, drains, and 
com pressed gases; exhausts; ac and dc electric 
pow er bus ducts and telephone cab les; as well as 
the conditioned a ir  fo r  ventilation o f  each room . 
These services are extended into the laboratories 
as needed.

Sim ilarly, offices are back-to-back. Columns are 
spaced approxim ately 46 fee t apart and occur in 
the service core and between the backs o f  offices 
so that each 42 -foot-by -120 -foot cross-aisle unit 
is unobstructed.

The in terior was designed fo r  great flexibility  
in the utilization o f  space and fo r  m axim um  ease 
fo r  m aking rearrangem ents. The 6 -foot-by -6 -foot 
grid  is delineated by an inverted channel w hich 
supports the acoustic ceiling  and the lighting  fix­
tures. This channel is perm anently available to 
receive the top o f  the metal office partitions w ith 
the assurance o f  a good acoustical seal.

The steel wall partitions can be m oved easily 
and econom ically to provide small or m edium  
sized private offices, or grou p  offices. L arge or 
small laboratories can be set up by sh iftin g  parti­
tions. Glass panels on the upper part o f  the side 
and aisle partitions g ive  a fee lin g  o f  spaciousness.

F lex ib ility  in the offices is featured by a rear 
wall w hich is com posed o f  interchangeable fu r ­
niture com ponents such as w ardrobe closets, 
shelves and file cabinets. The arrangem ent o f  
these com ponents can be selected as the occupant

Holmdel Laboratory at night, reflected in its pool.

prefers. Closet doors and blank panels are finished 
in an attractive leather textured vinyl.

S ince the offices and labs have no outside w in ­
dows, they depend on efficient fluorescent lighting  
and air con d ition in g  exclusively. L igh tin g  is pro­
vided by som e 9,000 fluorescent fixtures, w hich 
serve a double purpose. In  general, alternate fix­
tures provide outlets fo r  a ir con d ition in g  through 
small perforation s in the fixture. M ost room s have 
individual therm ostat control. The constant vol­
ume, dual-duct a ir  d istribution  system  is designed 
to m aintain a tem perature o f  75 degrees F, with 
relative hum idity not to exceed 50 per cent.

Conditioned a ir fo r  each bu ild ing section o r ig ­
inates in a ir handling units located in the m echan­
ical equipm ent room s on the first floor. Outside 
a ir is drawn from  the podium  rin g in g  the build­
ing, m ixed w ith  return air, conditioned and de­
livered through  a netw ork  o f  ducts to risers in 
the service cores.

A  return a ir system  w as designed w ith  return 
air shafts located in the corners o f  each building 
section. A ir  is exhausted from  offices and labs 
into the aisles through  tran sfer boxes at the top 
o f  aisle partitions. A  proportionate am ount o f 
air is intercepted by ceiling  return air grilles in 
each cross-aisle and transported  to a partitioned 
m asonry shaft. The rem aining air is allowed to 
pass through the perim eter corrid ors fo r  supple­
mental cooling  or heating and is intercepted by 
floor-to-ceiling  return a ir grilles affixed to the 
return air shaft.

A dditional heating and cooling  is provided fo r  
the perim eter corrid ors through  the use o f  floor- 
level finned-tube radiation  and individual recircu ­
lating air fan -co il units. Total air circu lation  ex­
ceeds 500,000 cubic fee t per m inute. Installed 
a ir re fr igera tion  capacity  totals 2,400 tons. The 
installed capacity o f  three steam  generators totals
52.000 pounds per hour.

E lectrical pow er is received from  the Jersey 
Central P ow er & L igh t Co. through an outdoor 
substation. The tran sform er capacity  o f  the sub­
station is 15,000 K V A  at 34,500 volts via  tw o 
pow er feeds. The pow er is d istributed to substa­
tions inside the build ing at 13,200 volts and is 
reduced to 480 /277  volts fo r  utility  pow er and 
ligh tin g  and 208 /120  volts fo r  laboratory power.

W ater is supplied by three deep wells triangu ­
lated on the property. A ll w ater is treated at the 
w ater soften in g  plant located in the service build­
ing, and is piped into the bu ild ing  and to the
300.000 gallon storage tank, located on a gracefu l 
tow er at the main entrance roadw ay. The tank is 
127 fee t h igh and provides a dependable w ater 
reserve fo r  fire protection  as well as serv ing  to
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m aintain a constant pressure fo r  the building. 
The fire loop is connected to the w ater m ain 
through  tw o protective  check valves.

Landscaping is an integral part o f  the over-all 
design. M ore than 7,900 shrubs and trees have 
been planted around the site. F our reflecting 
pools blend w ith  the landscaping. The largest, in 
the esplanade at the fro n t  o f  the build ing, covers 
about six  acres and holds som e six  m illion gal­
lons o f  w ater. T h is w ater, thi'ough a fire pump 
connection, serves as a fire-fighting reserve. An 
attractive spray system  in the pool also serves 
a practica l purpose— to provide evaporative cool­
ing fo r  w ater fro m  the a ir-cond ition in g  system  
w ithout using unsightly  coolin g  tow ers.

A  second pool in fron t, separated from  the first 
one by a road, takes in about three and one-half 
acres. T w o sm aller sti-eam -fed ponds o f  about an 
acre each fa ce  the side entrances.

The site has three entrance roads, w hich feed  
into tw'o c ircu lar roads running around the build­
ing and leading to park ing  lots and service areas. 
Each circu lar road carries traffic one w ay. Fea­
tures o f  the system  are that pedestrians never 
have to cross a m ain traffic artery  to enter the 
building, and traffic is sorted accord ing  to des­
tination  b e fo re  it leaves the site.

Tw o em ployee park ing  lots at the side entrances 
have a capacity  o f  about 2,000 cars. The longest 
distance fro m  a bu ild ing  entrance to a car in the 
ad jo in in g  park ing  lot is about 600 feet, o f  w hich 
250 fee t are covered by a canopy that extends 
from  the side entrancew ay. A  v is itors ’ parking 
lot, near the fro n t  entrance, has a capacity  fo r  
some 150 cars.

In addition  to the m ain build ing, there is a
35,000 square fo o t  serv ice  bu ild ing. This is used 
as a garage and general storage area, as well as 
fo r  housing  controls and equipm ent associated 
w ith the w ater supply and sew age system  fo r  the 
developm ent. The aeration -type sew age disposal 
plant is large enough to handle an average com ­
m unity o f  750 hom es. It disposes o f  laboratory  
w aste as well as sew age, processin g  the m aterial 
to avoid pollution  o f  n e igh borin g  stream s.

C onstruction  o f  the H olm del developm ent cen­
ter began in A ugust, 1959. The service build ing 
was occupied  in January, 1960. In itia l occupancy 
o f  the m ain bu ild in g  w as in O ctober, 1961. The 
bu ild ing was com pleted in  June, 1962.

Future plans call fo r  another tw o-section  bu ild­
ing to be added to the ex is tin g  m ain build ing. It 
would be identical to the m ain bu ild in g  and w ould 
be bu ilt onto it, con n ectin g  v ia  bridges to the op­
posite side o f  the elevator tow ers. S tartin g  and 
com pletion tim es fo r  th is addition  are indefinite.

President Kennedy 
Signs Sateiiite 
Communications Biii

On A ugust 31, the Com m unications Satellite 
A ct o f  1962 was signed into law by President 
Kennedy. In sign ing  the bill the President said 
that it “ prom ises significant benefits to our 
own people and to the whole w orld. Its purpose 
is to establish a com m ercial com m unications sys­
tem  utilizing space satellites w hich w ill serve 
our needs and those o f  other countries and con­
tribute to w orld peace and understanding.”

He added that the bill provides “ m any sa fe ­
guards and protects the public interest. N o single 
com pany or group will have the pow er to dom inate 
the corporation .”  He stated that “ the general pub­
lic, the com m unications industry and the federal 
governm ent will all have a voice. A ll w ill con ­
tribute their resources and all m ay reasonably 
hope to benefit. In this w ay the v ig or  o f  our 
com petitive free  enterprise system  w ill be effec­
tively used in a challenging new activity  on the 
fron tier  o f  space.

“ The benefits w hich a satellite system  should 
make possible w ith in  a few  years w ill stem  large­
ly from  a vastly increased capacity to exchange 
in form ation  cheaply and reliably w ith  all parts 
o f  the w orld by telephone, telegraph, radio, and 
television. The ultim ate result w ill be to en­
courage and facilita te  w orld trade, education, 
entertainm ent, and m any kinds o f  professional, 
political, and personal discourse w hich are es­
sential to healthy human relationships and in ter­
national understanding.”

The President w ill appoint incorporators to 
serve as the board o f  d irectors until the first an­
nual m eeting o f  the private corporation  w hich 
will adm inister U.S. participation  in the w orld 
satellite com m unications system . The bill p ro ­
vides that the incorporators w ill “ arrange fo r  an 
initial stock o fferin g  and take w hatever other 
actions are necessary to establish the corpora­
tion, including the filing o f  articles o f  incorpora­
tion, as approved by the President.”

H alf the stock o f  the new corporation  w ill be 
available to private com m unications carriers and 
the other ha lf w ill be available to the public fo r  
about $100 a share. D irectors w ill represent the 
public, governm ent, and industry. The Federal 
Com m unications Com m ission will be responsible 
fo r  regulating the satellite com m unications cor­
poration .

October 1962 325



PBX attendants at Chase Manhattan Bank, in Neiv York City. The modern attractive c e n t r e x  of­
fice at the top, equipped with the neiv compact consoles has now replaced the cord switchboards below.



A  n e w  c o n c e p t  o f  P l t X  s e r v ic e  f o r  m o d e r n  
b u s in e s s  w a s  r e c e n t l y  in t r o d u c e d  b y  th e  

H e l l  S y s te m .  I t  u s e s  te le p h o n e  c o m ­
p a n y  e q u ip m e n t  a s  a  c o m b in e d  c e n t r a l  

o f f ic e  s w i t c h in g  s y s te m  a n d  P B X .

George Spiro

■ w itl:L  1 ^ 0 . 5  C r o s s T b a r

P rivate  branch  exchanges (P B X s) have served 
the d iverse com m unications needs o f  business 
custom ers fo r  m any years. O riginally  conceived 
as, in effect, small, self-conta ined  sw itch ing  sys­
tems, they  w ere designed to serve situations in 
w hich m ost calls w ere internal, w ith  relatively few  
into or  out o f  the system . T hat concept is still ten­
able f o r  sm all installations. The com plex opera­
tions o f  m any o f  toda y ’s businesses, how ever, pose 
traffic problem s that challenge the traditional PBX.

The need to alter the traditional concepts o f  
PBX sw itch in g  system  design  w as indicated by 
the first m arket tria ls o f  d irect distance dialing 
( o d d ) service. These tria ls show ed that it would 
be desirable to convert the entire telephone net­
w ork  to  ODD operation . T o  accom plish this ob je c ­
tive properly , DDD service  m ust be fu rn ish ed  to 
all PBX stations.

A t first, attendants at dial p b x s  had to com ­
plete and term inate connections betw een p b x  sta­
tions and the d d d  netw ork . N ow , a m ore advanced 
type o f  serv ice  has been developed by  the Bell 
System . Called c e n t r e x , it  provides d irect inw ard 
and outw ard d ia ling  f o r  any station  in a p b x . 
Thus, w hile it  offers all the serv ice  fea tu res re­
quired by  a large, com plex business, c e n t r e x

gives PBX custom ers service that is com parable to 
individual line business service in speed, flexibil­
ity, and efficiency. To achieve this, Bell Laborato­
ries has developed new p b x  sw itch ing system s, 
m odernized old ones, and m odified the designs o f  
local central office, tandem , and toll sw itch ing sys­
tems. This article w ill describe one o f  the m ost 
im portant o f  these developm ents— c e n t r e x  serv­
ice using the N o. 5 crossbar system  as a com bined 
PBX and central office sw itch ing system .

The need fo r  this new system  was created 
largely by the concentration  o f  m any com panies 
in m etropolitan central office exchange areas. Con­
struction  has boom ed since W orld W ar II, espe­
cially in business build ings. N ew  office buildings, 
industrial parks, factories and airports have be­
com e fam iliar scenes on the cou n try ’s landscape. 
Like small com m unities, these com plexes have 
large volum es o f  telephone traffic, both internally 
and to and fro m  distant points. A nd it is ap­
parent that, like individual line custom ers in 
small com m unities, the businesses w ith in  these 
com plexes will benefit from  shared central office 
facilities . F or  one th ing, they w ill save valuable 
office space and pow er. F or another, their service 
w ill be im proved through  a central office level o f
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m aintenance and through  the ease w ith  w hich cen­
tral office equipm ent can be rearranged to accom ­
m odate new needs in business com m unications.

An early attem pt to im prove PBX service was 
m ade at the A ir  F orce  A cadem y in Colorado in 
1958. In a com m unications bu ild ing built by the 
A ir  F orce, the M ountain States Telephone Com ­
pany installed N o. 5 crossbar equipm ent to serve 
both central office custom ers and A ir  F orce 
A cadem y telephones. It was equipped w ith  local 
autom atic m essage accounting ( a m a ) and ar­
ranged fo r  nationw ide dialing. The part o f  the 
N o. 5 equipm ent that served the A ir  F orce A cade­
m y perm itted A cadem y stations, all o f  w hich had 
2-letter, 5 -d ig it num bers, to receive incom ing 
calls directly. Calls betw een A cadem y stations 
are m ade by dialing the last fou r  d ig its . On out­
go in g  charge calls— w hich are dialed directly  and 
handled like calls from  individual line custom ers 
— the local a m a  equipm ent records the calling 
station ’s num ber.

In January 1959 a sim ilar office was installed 
to serve the D ow  Chemical Com pany at M idland, 
M ichigan. It consisted o f  a No. 5 crossbar central 
office in an operating telephone com pany build ing

about 3 m iles fro m  D ow  Chem ical. O perating tele­
phone com panies in several parts o f  the country  
provide this kind o f  service.

The features o f  these offices w ere retained in 
the CENTREX system . H ow ever, like m any early 
system s, they had certain  lim itations w hich had 
to be overcom e before  the aim s o f  nationw ide 
ODD service could be achieved. One draw back was 
that these system s could serve the stations o f  only 
one PBX custom er on a direct line basis. It would, 
o f  course, be proh ib itively  expensive to provide a 
N o. 5 crossbar office to any PBX custom er who 
wanted the features o f  the early system s. A  
second difficulty was that cord  sw itchboards had 
to be used and attendants had to handle calls 
manually. Still another lim itation  in these early 
system s was that direct inw ard dialed (DID) calls 
could not be tran sferred  from  a called station  to 
another station  or  to a tie  line.

C e n t r e x  service  overcom es these lim itations. 
The N o. 5 crossbar office can serve as a com m on 
sw itch ing m edium  fo r  as m any as 100 PBXs. M ost 
CENTREX installations will b e  served by attendants 
using cordless consoles to w hich  calls are auto­
m atically distributed. H ow ever, the N o. 5 cross-

New compact console de­
signed for  PBXs served by 
C E N T R E X .  It can be con­
veniently placed on a desk 
top and used by an attendant, 
or by a company receptionist.
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bar system  arranged fo r  OKNTREX service has a 
num ber o f  special serv ice  features the older offices 
did not have. The basic featu res now include:

^  D iie c t  inw ard dia ling  ( d i d ) to extensions;
^  Identified outw ard dia ling  (io n ) using a m a ;
► Intra-PBX ca llin g ;
► Incom ing call tran sfer.

The PBX attendant can handle:
► Calls to the listed d irectory  num ber;
► T ra n sfer  ca lls ;
► D ial “ 0 ”  assistance calls from  pbx s ta tion s ;
► C on ference c a l l s ;
► T ie-line ca lls ;
► Intercepted calls.

A  p b x  c u s t o m e r  ca n  c h o o s e  a n y  c o m b in a t io n  o f  
th e s e  f e a t u r e s  f o r  e a ch  s ta t io n  in  h is  s y s te m . F o r  
e x a m p le , a  s t a t io n  m a y  h a v e  u n r e s t r ic t e d  d ia lin g  
p r iv i le g e s ,  o r  i t  m a y  b e  r e s t r ic t e d  to  in tra-P B X  
c a l l in g  o n ly , o r  t o  in tra -P B X  c a l l in g  w ith  a c c e s s  to  
th e  a t te n d a n t  (d ia l  “ 0 ” ) t o  c o m p le te  o u tw a r d  
ca lls . T h e r e  a r e  a v a i la b le  2 0  p o s s ib le  v a r ia t io n s  o f  
o r ig in a t in g  c a ll  t r e a t m e n t  a n d  s e v e r a l  t e r m in a t ­
in g  r e s t r i c t io n s .  T o  m a k e  th e  p r o p e r  d is t in c t io n s  
b e tw e e n  s t a t io n s  w it h  d i f fe r e n t  r e s t r ic t io n s  an d  
p r iv i le g e s ,  th e  N o . 5  c r o s s b a r  e q u ip m e n t  w a s  
m o d if ie d  to  g e n e r a t e  a n d  r e c o g n iz e  100  c la s s -o f -  
s e r v ic e  m a r k s  a n d  20  r a te  ( o r  r o u t in g )  t r e a t ­
m e n ts . C la s s -o f - s e r v i c e  m a r k s  id e n t i f y  th e  PBX; 
r a te  t r e a t m e n ts  id e n t i f y  th e  d ia l in g  r e s t r ic t io n s  
f o r  e a ch  s t a t io n  —  e a c h  v a r ia t io n  r e q u ir e s  a 
s e p a r a te  r a te  t r e a t m e n t .  B e c a u s e  a n y  r a te  t r e a t ­
m e n t  c a n  b e  u se d  c o m m o n ly  b y  all c u s to m e r  
g r o u p s  in  a  c e n t r a l  o ffice , e a ch  c u s to m e r  ca n  
s e le c t  f r e e ly  f r o m  th e  20  th a t  a r e  a v a ila b le .

W ith  DID, a custom er needs a sm aller num ­
ber o f  PBX positions, and th erefore , few er 
attendants. In som e PBXs arranged fo r  d id , up to 
90 per cent o f  the in com in g  calls are dialed d i­
rectly  to the stations, thus by-passing  the attend­
ant. This leads to im proved transm ission , be­
cause few er  sw itch in g  and sw itchboard  circu its 
are involved in the connection . D id  also gives 
fa ster  service, because it takes about 30 seconds 
less tim e to  com plete a d irectly  dialed call than 
one w hich  m ust be handled by an attendant, a 
significant sav in g  in holding tim e fo r  trunks 
and sw itch in g  fa cilities . A lso, the fa c t  that an 
attendant does not com e in on the call insures the 
privacy  o f  a business conversation .

lOD, in a sense, consolidates the ga in s the pbx  
custom er achieves w ith  DID. E ach station  receives 
individual line serv ice  on the N o. 5 crossbar 
equipm ent, and so does not have to go  through 
the attendant unless its outw ard serv ice  is re­
stricted. D etails o f  all charge calls are recorded

by local am a  equipment and reported to the cus­
tomer by individual station billing.

Calls made w ithin the pbx are not charged. 
They are usually made by dialing the last fou r  

d ig its o f  the station num ber. H owever, because 
0, 1, and 9 are used fo r  reaching the PBX attend­
ant, tie lines, and outside access, respectively, 
they cannot be used fo r  first-dialed d igits. T here­
fore  a single office code is lim ited to the num bers 
between 2000 and 89 99  fo r  pbx stations. Some 
central offices will serve m ore than 7000 pbx sta­
tions and in these cases 5 -digit dialing will be 
used. The th ird -d ig it o f  the office code, or an ar­
b itrary  digit, will extend the range o f  usable 
num bers to any 40,000 in the series from  20000 
to 8 9 99 9 .

The No. 5 crossbar system  uses only tw o sw itch ­
ing fram es to com plete talking connections— a line 
link fram e and a trunk link fram e. Centrex in­
com ing trunk circu its appear on both these 
fram es so that any incom ing call to the pbx can 
be connected to either a station line or an attend­
ant’s trunk and, w ith  the PBX attendant’s assist­
ance, calls can be transferred  between stations.

The draw ing on page 330 shows how this is 
done. Let us assume that an incom ing call has been 
routed to station A  over path 1. The com pleting 
m arker shown in the draw ing stores the class o f  
service o f  station A  in the trunk along w ith  a 
m ark indicating that the station m ay have calls 
transferred. To tran sfer this call to station B, the 
station A  user m erely flashes his sw itchhook. The 
incom ing trunk circu it recognizes the flash, checks 
that tran sfer privileges can be exercised on the 
call, and instructs a com pleting m arker to set 
up a connection to the attendant. This instruction 
is sent via the incom ing register.

The com pleting m arker now  reads-out the 
stored class o f  service, say custom er group 47. It 
then connects the incom ing trunk circu it at the 
line link fram e to the trunk link appearance o f  
an attendant trunk c ircu it fo r  the custom er 
group. This is path 2 in the draw ing. W hen it is 
seized, the attendant trunk circu it makes a con­
nection to the attendant through the position  link 
and position  circu its. I f  the pbx has only one at­
tendant position, the position  link is by-passed.

A t  this point the attendant takes over and 
supervises the transfer. F irst, she operates a key 
w hich signals the incom ing trunk circu it over 
path 2 to release the connection to station A  
over path 1. Then she keys the last fo u r  d ig its o f  
station  B ’s num ber into the incom ing register. 
A gain , the com pleting m arker m atches class o f  
serv ice  m arks to see that station B is in custom er 
group 47. I f  the classes agree and station B is
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Routing calls over the No. 5 crossbar system to a 
PBX. The top half of the drawing shows how calls 
may he dialed directly to a station and how they

may be transferred to another station with the 
attendant’s assistance. The bottom half shows 
how the attendant may assist in completing calls.

idle, a connection is made over path 3. W hen the 
connection  is m ade and conversation  begins, the 
attendant releases path 2 and all the equipm ent 
involved in tra n sferr in g  the call. The call can be 
tran sferred  from  station  B to any other station 
in the group, and from  that station to any subse­
quent one. Charges are made from  the tim e the 
first station called answ ers until the calling party  
disconnects.

Incom ing calls m ay also be tran sferred  over a 
tie  line to another location or to an ou tgoin g  
trunk to a distant location. This operation  is the

same as the one described fo r  tra n sferr in g  a call 
between stations in the sam e office up to the point 
w here the attendant releases station  A . In trans­
fe rr in g  to another location, how ever, station A  
can stay on the connection. Call tran sfer  then 
proceeds pretty  much as before , except that the 
attendant keys the distant station ’s num ber into 
an orig in a tin g  reg ister rather than an incom ing 
register. This is shown in the draw ing above as 
path 4 from  the attendant’s trunk over the line 
link fram e to the reg ister. A t this point, the com ­
pleting m arker sets up the call to an ou tgoin g
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trunk or tie  line over path 5. The incom ing call is 
connected over paths 2 and 5 to the distant loca­
tion  and stations A  or B can be bridged  on the 
connection  over paths 1 or  3.

On a call to  a tie  line, the m arker m atches 
class o f  serv ice  to restrict the rou tin g  to a tie  line 
that belongs to custom er 47. On an outw ard 
ch arge  call, a m a  records are used to bill the call 
to  custom er 47.

T h e r e  is  n o  c h a r g e  f o r  c a lls  b e tw e e n  s t a t io n s  
in  o n e  c u s t o m e r  g r o u p ,  h e n c e  th e y  a r e  n o t  
t r a n s f e r a b le ;  e a c h  ca ll is  d ia le d . T o  m a k e  c e r ta in  
th a t  a ll n o n -c h a r g e  c a lls  a r e  c o n fin e d  t o  th e  s in g le  
c u s to m e r  g r o u p ,  c la s s -o f - s e r v ic e  m a t c h in g  ta k e s  
p la c e  o n  a ll in tra -P B X  ca lls .

P robably  the largest volum e o f  traffic handled 
by the pbx attendant in a centrex served office 
consists o f  calls to the listed d irectory  num ber. 
Incom ing calls are routed to  the attendant over 
an incom ing trunk using  an incom ing register and 
a com pleting m arker that recognizes it as a call to 
the listed d irectory  num ber. A  cross office con ­
nection to the attendant trunk is established w ith 
the incom ing trunk at the line link fram e. The 
draw ing opposite  show s this connection  as path
2. A  d istin ctive lamp signal on the attendant’s 
console indicates that the call is to the listed d irec­
tory  num ber, and she answ ers w ith  the com pany’s 
name. The attendant can extend the call to any 
station  in  the grou p  (path  1 to station  A  in the 
draw in g) or she can com plete it to an ou tgoin g  
trunk or  tie  line (paths 4 and 5 ) .

K ey pu lsing and control are the sam e as those 
used in tra n sferr in g  calls. The com pleting m ark­
er m atches classes o f  serv ice  to confine calls to 
stations or  tie  lines o f  the group. A n y  PBX station 
can in itiate  a tra n sfer  request.

The draw in g  opposite also show s how  the at­
tendant assists stations in p lacin g  calls. Say that 
station  C has received dial tone from  the o r ig i­
nating reg ister over path 6. I f  the station  C user 
w ishes attendant assistance, he dials “ 0 ”  and the 
com pleting  m arker connects h im  to an attendant 
trunk (path  7 ) .  The attendant can now  com plete 
the call th rou gh  an or ig in a tin g  reg ister (path  8) 
over a tie  line or ou tgo in g  trunk  (path  9 ) or over 
an intra-office trunk  (path  10) to another station 
(say, D ) in the group.

Calls dialed to stations w hich  have been tem ­
p orarily  d isconnected  o r  w hose num bers have 
been changed are also routed to the attendant. 
These intercepted calls are controlled through  
cross-connections in the central office. V acant or 
disconnected num bers in a custom er’ s series are 
routed to an announcem ent.

T o help the attendant handle these calls effi-

Crewmen working on a centrex exchange being 
installed for the New York Telephone Company.

ciently. Bell Laboratories has designed a new 
cordless console (see photograph on page 328) 
w ith  illum inated keys and a pushbutton keyset. A  
large custom er m ay need several consoles, and in 
this case a d istributor or position  link c ircu it in 
the central office directs calls to the various 
positions.

A  m odified 608A sw itchboard m ay be used in 
place o f  the console. H ow ever, at this board at­
tendants m ust answer, in itiate, or com plete calls 
w ith  cords. Thus, the 608A sw itchboard is bulkier 
and less efficient than the console.

Today there are m ore than 6700 Bell System  
PBX custom ers w ith  200 or m ore stations. Centrex 
service should appeal m ost strongly  to these cus­
tom ers because o f  its econom ic benefits and be­
cause o f  the im proved speed o f  com m unications 
it offers. A  num ber o f  additional features such as 
inw ard dialing to PBX satellites, station con­
trolled dial tran sfer, add-on con ference calling, 
and dial hold are being  studied and developed. A ll 
o f  these are directed tow ard still fu rth er  m ech­
anization o f  PBX service and, hence, to the fa st­
est and m ost reliable service that can be developed.
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Title Industrial Designer— 

His Hole and Hiirpose

Henry Dreyfuss

T h e  i n d u s t r i a l  d e s ig n e r  h a s  f r e q u e n t l y  h a d  
a  h a n d  i n  t h e  d e s ig n  o f  c o m m u n ic a t io n  
e q u ip m e n t .  H o w  d o e s  s u c h  a  p e r s o n  o p e r a t e ?  
H e n r y  D r e y f u s s ,  n o t e d  i n d u s t r i a l  d e s ig n e r ,  
d is c u s s e s  h is  w o r k  i n  t h i s  i n v i t e d  a r t i c l e .

There is a man in D etroit w ho is reputed to 
have said that one day it w ill be possible to 

feed  every known curve and contour, every angle 
and plane, into a com puter, and then, by m erely 
pushing the proper controls, produce the design 
o f  a new autom obile.

It is true that we are acquainted w ith  the 
m athem atics o f  an infinity o f  planes and curves 
— and a com puter could doubtless be devised to 
com pose and arrange them  scientifically. B ut what 
o f  the human fa ctor  o f  good taste— and the 
“ m ag ic”  that lies in the disciplines o f  the de­
signer to assem ble and relate those planes and 
curves in a balance that is both serviceable and 
p leasing?

Industrial design cannot claim  to be an exact 
science that can unequivocally prove its m erits. 
D esigners m ust still rely on w hat they call an 
“ educated hunch” — an intuition  resulting from  
education, experience, research, recogn ition  o f  
eng in eerin g  problem s, understanding o f  product 
usage and, finally, a sense o f  tim ing.

W hile the designer is gu id in g  his client in 
changing  a produ ct’s appearance, he m ust be 
aware o f  the real danger o f  bein g  so fa r  in ad­
vance o f  public acceptance that the product is 
rejected  by the con su m er! Paradoxically , how ­
ever, design often  begins m any years be fore  the 
product is to be introduced. T h erefore , the de­
signer m ust have an aw areness o f  the pace o f 
change in public ta s te ; then the product w ill find 
its natural place in the m arket at the date o f  its 
introduction. The industrial designer m ust be 
sure o f  his ground and have the confidence o f  his 
client so that there w ill be com plete accord  on 
design aims.

P u rity  o f  design m ust be everyone ’s goal, and 
obsolescence planned solely fo r  m erchandising 
purposes is deplorable. On the other hand, ob­
solescence resu lting from  new engineering  or 
technological developm ents is sound progress, and 
such advances should be expressed in the design 
and appearance o f  the product.

Ideally, when the fu n ction  has reached p erfec­
tion, the fo rm  is beyond criticism . A  very few  
ob jects have achieved such excellence— the ball, 
the wheel, the plow share are am ong these, as are 
som e aerodynam ic and nautical form s w hich have 
been affected by the forces  o f  the elements.

In m ost cases such extrem e sim plicity  is not 
possib le ; m any com ponents are needed fo r  the 
function , and these m ust be integrated into prac­
tical and pleasing form s. Sim plicity, how ever, is
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Industrial designers use data from anthropomet- 
rical figures (left) in designing consoles such as

still a constant ob jective . Beauty, on the other 
hand, w hile im portant, is not a prim ary  ob jective  
o f  the industrial desig-ner. M uch m ore basic to 
the design  process is the enorm ous concern  w ith 
the ultim ate user o f  an ob ject.

E xcept fo r  som e fe w  exam ples that perform  
entirely  unattended, devices in general are used 
or operated by  hum ans; hence, the industrial 
designer is preoccupied  w ith  human factors. 
K now ledge o f  anatom y and o f  psychology  are tw o 
o f  the m ost im portant tools he has w ithin  his 
reach. F o r  exam ple, im portant m easurem ents in 
the design  o f  a telephone handset are the “ modal 
distance” — the distance from  ear to m outh— and 
the cheekbone clearance. D esign  fo r  a “ solid g r ip ”  
provides a fee lin g  o f  secu rity  and com fort, w hile 
the w eigh t is m inim ized to reduce user fatigu e. 
H ow ever, an experienced industrial designer m ust 
not only be acquainted w ith  the anthropom etrical 
figure, but m ust also be fa m ilia r  w ith  the pres­
sures each o f  the body ’s extrem ities can exert. 
In addition, environm ental fa ctors , such as the 
effects o f  colors and sounds on the senses, are 
am ong the m any considerations w hich  the indus­
trial designer m ust respect.

A  good  design  m ust start w ith  an understand­
ing o f  the m an, w om an or  ch ild  w ho w ill eventu­
ally use the ob ject. In a broad  sense, w e say we 
m ust fit the m achine to the m an— not squeeze 
the m an into the m achine.

Our w ork  w ith  Bell L aboratories engineering

that shown at right. Console is used in the Nike 
control van, nerve center of a Nike missile site.

personnel on the consoles fo r  the U. S. A rm y ’s 
NIKE HERCULES system , shown above, is an in­
teresting example o f  the application o f  human 
engineering studies in industrial design. One o f 
the prim ary problem s in developing design cr i­
teria  fo r  these consoles stemmed from  the fa ct 
that there w ere several different com panies 
participating  in the contract, and each had its 
own design philosophy. Consequently, each con ­
tractor ’s design had to be review ed carefu lly  in 
its relation to the optim um  system  that was our 
ob jective. W e stressed especially the need fo r  
consistency in typeface and lettering size, control 
positions and the manuals relating to the asso­
ciated displays.

Our earlier w ork  on the BMEWS console was 
extrem ely helpful in the NIKE HERCULES develop­
m ent program . F or the new system , our goal was 
to put in fro n t  o f  the operator convenient con­
trols, grouped and located accord ing  to related 
fu n ction  and sequence o f  operation. W e w anted 
an uncluttered panel layout to avoid operator 
con fusion  and to sa tis fy  all considerations o f  
reach and vision. A lso stressed was the im ­
portance o f  nonreflective surfaces, as well as the 
intensity  o f  illum ination o f  the displays. To reach 
this end, we made m any studies, concentrating 
on the operator, his capabilities, and his environ­
ment. A  d iagram  indicating some o f  the critica l 
m easurem ents is shown above, contrasted w ith  
the actual console in use.
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T his descrip tion  is necessarily  brie f, and no 
attem pt has been m ade to present all o f  the 
hum an engineering  and industrial design aspects 
o f  the NIKE HERCULES system  consoles. H ow ever, 
the program  is o f  particu lar in terest because it 
relates to other w ork  that we have done in in­
dustry. F or  instance, the redesign  o f  a tu rret 
lathe w as com parable in tw o m ain areas;

1. M anuals Controls —  These w ere studied 
fo r  their location, organization , and handling 
ease as determ ined by the human lim ita­
tions o f  reach, m uscular strength, natural 
lim b m otion, speed o f  action, hand grip  
characteristics, fa tigu e  and m ental habits.

2. Speed Selection and  Indication— Here, 
position, organization , type o f  in form ation  
and the needs o f  leg ib ility  w ere studied in 
relation to eye level, form  and color, m axi­
mum reading distance, eye m otions, head 
m otions, and color contrast.

On the redesigned tu rret lathe, shown in the 
photo below, the controls have been so grouped 
as to be w ith in  the operator ’s reach w ithout re­
qu iring excess stretch ing or body m ovem ent. A  
com prehensive study o f  the hand m ovem ents re­
quired to start the orig inal lathes under norm al 
conditions indicated that sixteen hand m ove­
m ents w ere needed— the hand m ovem ents fo r  
starting  the redesigned lathe w ere reduced to only 
seven. In addition, the operator does not need to 
m ove from  his norm al w ork in g  position .

The uninitiated m ay consider the industrial 
designer ’s contribution  to be a superficial one, 
sim ilar to the application o f  cosm etics. N oth ing  
could be fa rth er  from  the truth. The industrial 
designer strives tow ard these five con sid era tion s:

1. Safety and convenience of use: P rotection  
against loss o f  l ife  and lim b m ay som etim es 
require the use o f  guards, but o ften  bet-

Turret lathe, redesigned on basis of human capa­
bilities and limitations, reduces operator effort.

ter protection  can be achieved through  plac­
in g  dangerous com ponents intelligently. The 
industrial designer tries to m ake the use o f  
each com ponent obvious, and studies the com ­
fo r t  o f  the user in his in teraction  w ith  the 
shape o f  a knob or the h eigh t o f  a step.

2. Ease of maintenance: T h is is o ften  over­
looked. It is essential that repairs be easily 
made. A ll parts m ust be readily  accessible, 
easy to clean and oil. T o  the ultim ate user, 
it is ju s t  as im portant to be able to  rem ove 
the dust fro m  the vacuum  cleaner quickly 
and neatly as it  is to be able to change the 
engine nacelle on a je t  a irliner expeditiously.

3. Cost: Industrial designers have been accused 
o f  reading cost sheets w ith  m ore understand­
in g  than they show  w hen they scan a blue­
p r in t! It is, how ever, pointless to produce a 
product w hich  w ill prove so expensive that 
no one can afford it, o r  so underpriced as not 
to perm it a reasonable profit to the m anu­
factu rer. G ood design  need not increase cost.

4. Appeal: Th is can best be interpreted  as 
quality —  the elusive, indefinable attribute 
that can sw ay a person to want the product. 
R ealistically, it is the d ifference betw een the 
“ fee l”  o f  closing  the door o f  a M odel T  F ord  
and that o f  a Cadillac— the satisfa ction  o f  
operating  a w ell-designed control rather than 
a poorly  engineered one.

5. Appearance: This item  is placed last on the 
list, because i f  the preced ing  goals have been 
achieved, the produ ct w ill autom atically  ap­
proach  good appearance. It  is then le ft  to  the 
industrial designer to apply his know ledge 
o f  line and form , proportion , texture and 
color, and integrate them  into a pleasing 
whole.

The industrial designer is o ften  fou n d  in un­
expected places. H e has contributed to the devel­
opm ent o f  fa rm  m achinery and oil well drilling 
rigs, to  industrial m achinery, m eters and valves, 
and to every fo rm  o f  transportation . He has been 
applying h im self extensively to  the impx'ovement 
o f  the control centers and ground equipm ent sys­
tem s that m onitor our rockets and m issiles. H e is 
em ployed in governm ent defense efforts on item s 
as varied as the in teriors o f  arm ored tanks and 
the capsules that w ill eventually land man on 
other planets.

The story  is told o f  the industrial designer w ho 
w as in his clien t’s show room , observ in g  reactions 
to a newly produced tractor. A  fa rm er and his 
w ife  w ere circlin g  the m achine and the fa rm er 
said, “ I f  that w orks like it looks, I think w e ’d 
better have one.”  The designer had succeeded in
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Each of the variety of tele­
phones shoicn was designed 
to perform a specific func­
tion. The variety itself in­
dicates the need for the 
industrial designer as an 
importan-t member of the 
development team.

one o f  his m ost im portant fu n ction s— to reflect 
outw ardly the excellence o f  the engineering, the 
capabilities o f  the produ ct and its sa fety  and 
com fort, and had visually  conveyed the in tegrity  
o f  the m anufacturer.

R a isin g  the level o f  public taste m ust be one 
o f  the prim e respon sib ilities o f  the m anufacturer. 
He is abetted in his efforts by  both  the engineer 
and industrial designer. The taste-setting  poten­
tial that exists w ith in  the area o f  the telephone, 
fo r  exam ple, is incalcu lable; no other product 
reaches so m any people so often . The frequently- 
used residential telephone instrum ent alone has 
an enorm ous effect on public taste. N ot m any 
years ago the telephone w as a necessity  g ru d g ­
in gly  accepted on an oflfice desk and o ften  hidden 
in polite hom es. T oday this essential apparatus 
is a decorative accessory  w hich  has influenced de­
sign  and co lor  trends. Its fu n ction  approaches 
perfection , and the telephone has becom e a vital 
part o f  ou r lives.

In this sense, Bell L aboratories is a leader o f  
public taste, possib ly  as m uch so as in scien ­
tific developm ent. L on g  b e fo re  industrial design 
was considered one o f  the im portant fa ctors  in 
m an u factu rin g— perhaps b e fo re  the average man 
knew w hat the term  m eant— the m en w ho w ere

then d irecting  Bell Laboratories had the fo re ­
sigh t (and the cou rage) to seek industrial design 
aid, and selected our organization . The long-term  
association  has been an exceptional exam ple o f  
exchange o f  influence. W e have profited by the 
patient understanding and explanations o f  the 
engineers, and our efforts hopefully  have guided 
their understanding o f  the philosophies o f  indus­
trial design.

It  has been our experience that close coordina­
tion between the industrial designer and the 
engineer, from  the conceptual stage until the 
product is released fo r  m anufacture, can produce 
the optim um  result. Over the years a m utual re­
spect has developed between the engineer and the 
industrial designer. The form er is r igh tfu lly  pre­
occupied w ith  the details o f  “ m aking it w ork ,”  
and his collaborative industrial designer brings 
to the problem  his “ educated hunch”  plus an 
ob jective  outside point o f  view .

W hen the engineer autom atically applies the 
precepts o f  human fa ctors  and good taste to his 
efforts, and when the industrial designer becom es 
know ledgeable and sym pathetic to the problem s 
o f  engineering, an additional dividend results 
from  their association, to the benefit o f  the con ­
sum er or user, the ultim ate ju d ge  o f  all products.
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t e c h n i c a l

News Briefs Brief accounts of recent technical developments 
at Bell Telephone Laboratories

SIMPLIFIED EFR TECHNIQUE DEVISED
Scientists at Bell Laboratories have devised a simple and 

fast electron paramagnetic resonance (EPR) technique for studying 
the structure of organic molecules. The new procedure does not 
require that samples be in the form of single crystals and does 
not require as extensive data analysis as some previous methods.

Using this technique, the scientists have demonstrated for 
the first time by EPR that the most stable form of several 
organic molecules contains two unpaired electrons. (Unpaired 
electrons are electrons which have magnetic spin moments 
which do not cancel each other.)

The simplified EPR method will make it considerably easier 
to investigate the electron structure of some paramagnetic mate­
rials which occur during many biological and chemical processes.

The scientists involved are W. A. Yager, R. M. R. Cramer,
E. Wasserman, R. W. Murray, and A. M. Trozzolo, all of the 
Chemical Research Laboratory.

NEW SYNTHETIC CRYSTALS ARE PIEZOELECTRIC AND FLUORESCENT
A new series of crystals which are both piezoelectric 

and fluorescent has been synthesized. A. A. Ballman, 
Metallurgical Research Laboratory, has grown small, single 
crystals of rare earth, aluminum-borates and rare earth, 
chromium-borates by slowly cooling a molten solvent saturated 
with the component oxides. The crystals are unusual in that 
they combine optical and electric properties not usually 
present in the same crystal.

CLOCKS ON TWO CONTINENTS SYNCHRONIZED BY TELSTAR
Clocks in the United States and Great Britain were 

synchronized on August 25, via Telstar satellite. Experiments 
were conducted at the transmitting and receiving stations at 
Goonhilly Downs, England and Andover, Maine by the 
National Physical Laboratory, Teddington, England and the 
U.S. Naval Observatory, Washington.

Signals were sent simultaneously from Andover and Goonhilly.
By noting the time of arrival of a pulse from the other 
station and comparing it with the transmitted pulse, it was 
possible to determine both the time of transmission of the signal 
and the difference in time of the clocks at the two transmitting 
stations.

336 Bell Laboratories Record



Bij eliminating custom engineering, 
manufacture and installation, costs 

of No. 5 Crossbar offices can now 
he competitive for all central office 

sizes, even down to 500 lines.

For No. 5 Crossbar - - 
A P ackaged C entral O ffice

J. E. Greene

The flexibility which common control switching 
provides for present and future services, as well 
as for growth, is just as desirable for small tele­
phone offices as it is in the larger switching cen­
ters of the national network. Unfortunately, even 
the minimum amount of common control equip­
ment becomes a major factor of cost in a small 
office, and this has tended to eliminate common 
control systems from consideration in engineer­
ing such offices.

About three years ago, a seven man task force 
was set up to study means of solving this prob­
lem. Representatives of the American Telephone 
and Telegraph Company, Western Electric Com­
pany and Bell Laboratories were assigned to de­
termine what cost reductions could be accom­
plished in No. 5 Crossbar through additional 
standardization and packaging. Their conclusion 
was that costs could be reduced for small offices 
by eliminating custom engineering, custom manu­
facture, and custom installation. This implied 
fixed sizes of offices without options, and with 
fixed floor plans.

The first No. 5 Crossbar packaged office, “ pre­
engineered” by the task force, was shipped in

August, 1960. At the present time, the Western 
Electric Company is manufacturing and install­
ing similar No. 5 Crossbar packaged offices at a 
rate of about two per week. By the end of this 
year, package offices will be installed in 45 of the 
50 states and in Washington, D. C.

The packaged offices are now available in four 
sizes, serving up to 580, 980, 1960 and 2940 lines 
respectively. Each office consists primarily of 
standard No. 5 Crossbar frames with features 
and options selected to serve the majority of new 
local office installations.

A standard floor plan was developed for each 
size packaged office, to show a fixed location for 
each piece of equipment. This permitted the in­
clusion in the package of standard details for 
ladders, lighting, framing and factory-prepared 
interframe cabling. The most economical power 
plant and small ringing plants were adopted for 
each of the packages.

The cost of common control equipment in the 
smaller packages was further reduced by replac­
ing the master test frame and trouble recorder 
with a simple office test frame and lamp type 
trouble indicator. Also, relay rack mounting was
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Exterior of New York Telephone Co.’s pack­
aged central office at Hampton Bays, N. Y.

Power equipment for the packaged central 
offices can he ordered with a single “J Code.”

Henry Makowski, New York Co., works on main dis­
tribution frame before cutover at Hampton Bays.

used for marker route relays, a smaller coin 
supervisory link frame was developed, and one 
incoming register link frame was arranged to 
serve both dial pulsing and multifrequency pul­
sing incoming registers. A new originating line 
identifier was developed to handle dial tone calls 
by making use of the excess capacity of a mini­
mum of two completing markers, thus replacing 
the more complex dial tone markers. Universal op­
erator office trunks were developed to permit com­
bining several functions into one group of trunks, 
saving considerable outside plant between pack­
aged oifices and associated switchboards— espe­
cially important when these are widely separated.

Packaged offices have been assigned “J-codes” 
to facilitate ordering. Within each size of office 
there are choices of signaling available, depend­
ing upon the existing plant with which the office 
must operate. Cabling and associated details may 
be omitted from the package if the exact stand­
ard floor plan cannot be followed. Parts or all of 
the power equipment may be omitted if the pack­
age is to be installed in an existing building 
where power is already available.

From an economic standpoint, these packages 
are attractive compared to custom engineered cen­
tral offices of the same size, even though addition­
al trunks or additional features may be needed to 
satisfy the requirements of the particular loca­
tion. The benefits of standardization were

achieved by observing the old lunch-counter 
maxim of “ No substitutions”—the quantities and 
features provided in the coded packaged equip­
ment must be accepted without change on the 
initial order.

No. 5 Crossbar packaged offices are now recom­
mended for the starting entity of any local office 
regardless of size or location. No limit is im­
posed on growth in frames, lines, numbers, or 
features by the packaged design. Any packaged 
office may grow to the maximum No. 5 office size 
and any standard No. 5 Crossbar features not in­
cluded in the package— a m a , c a m a  or a n i ; for­
eign area translators; toll or tandem switching; 
coin overtime, coin zone dialing; TOUCH-TONE 
Calling; CENTREX; W ATS; W ADS; line insulation 
testing; automatic monitor; or service observing 
—may be added when needed, just as in any stan­
dard No. 5 Crossbar office.

The results of the recommendations of the task 
force, with a relatively small amount of new de­
velopment, have exceeded the most optimistic 
expectations. Common control offices— No. 5 
Crossbar— are now feasible on a competitive 
basis for the entire range of central office sizes, 
including those as small as 500 lines. Just a few 
years ago this was thought to be not even re­
motely possible. Needless to say, the packaged 
concept has met with complete and enthusiastic 
acceptance by all telephone companies.

338 Bell Laboratories Record



Locating Open Conductors 
In Multiple-Line Wire

I. M. McNair, Jr.

Multiple-line wire is a telephone term re­
ferring to multipair wires often used in 

rural and suburban distribution systems. It con­
sists of pairs of plastic insulated copper con­
ductors spiraled around a support wire. Because 
there is no sheath, or outer covering, the con­
ductors are more susceptible to damage than the 
conductors of standard sheathed cable. Such 
things as lightning or gun shot may directly sever 
a conductor, or mechanical damage to the insula­
tion during installation may allow a conductor to 
corrode where it is exposed to the atmosphere. 
Such breaks, or “ opens,” in the wire result in the 
loss of transmission.

Previously, a telephone craftsman had to climb 
several poles in checking for a 500-cps signal that 
was applied to the open conductor. In so doing, he 
had to go back and forth along the pole line until 
he localized the break. This resulted in excessive 
time and effort in pole-climbing to locate the 
opens with existing equipment, and these factors 
led to the development of the l l l A  Test Set.

This test set is basically an electrostatic probe 
mounted on a five-foot rod. The rod has extension 
sections so that a craftsman can probe the multi­
ple-line wire from the ground. Because of its 
frequent use on joint-use lines, the set is designed 
to withstand accidental contact with power line 
potentials as high as 10,000 volts with complete 
safety to the user.

The absence of a metal shield on multiple-line 
wire actually facilitates the location of breaks

in the conductor. An ac voltage is applied between 
ground and the open conductor. The craftsman 
checks for breaks in the conductor by holding the 
probe against the wire at intervals along the 
route. An audio signal in the craftsman’s headset 
indicates the presence of the voltage signal. A 
break in the conductor is found at the point where 
the voltage drops off abruptly. The probe uses ca­
pacitive coupling to detect the ac voltage. This ob­
viates puncturing the insulation, and avoids pos­
sible future conductor corrosion at the puncture.

The 111 A Test Set is used in combination with 
a small battery-powered amplifier (type 147) and 
a voltage source such as the newly developed 
transistorized 500-cycle oscillator (114A Test 
Set). The amplifier is approximately 1.5 x 1 x 4 in. 
and is easily worn on a belt. The l l l A  Test Set is 
used to pick up the voltage on the open conductor, 
and the amplifier boosts the signal voltage to 
produce an audio signal in the head receiver. 
A 500-cps voltage source modulated at approxi­
mately 10 cps produces a signal that is easily 
distinguishable even in the presence of noise.

The procedure for locating an open may be best 
understood by the following example: Assume 
that there is a break in one conductor of a multi­
ple-line wire. A craftsman first connects the volt­
age source (between the open conductor and 
ground) at a convenient terminal point. He also 
connects to ground all the spare pairs and the 
good conductor of the pair in question. Next, he 
grounds all spare pairs and the pair with the
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Schematic diagram of high-voltage capacitors, 
cord capacitance, and resistor in the 111 A Test

open conductor at another convenient terminal 
beyond the break. This minimizes the voltage 
developed on the spare pairs because of capacitive 
coupling. Working circuits are not grounded be­
cause this would mean taking them out of service.

After the craftsman makes these connections, 
he probes the line with the l l lA  Test Set coupled 
to the amplifier and the head receiver. In so do­
ing, he holds the l l lA  Test Set against the multi­
ple-line wire near the terminal where the voltage 
source is located. The signal picked up by the 
probe varies in intensity because of the spiral lay 
of the conductors and also because of the position 
of the open conductor with respect to the over-all 
diameter of the wire. He then adjusts the gain of

John Apgar uses lllA  Test Set to check for signal 
voltage on multiple-line wire in Chester, N. J.

Set. These components form a simple filter to re­
duce 60-cps signal pickup from nearby power lines.

the amplifier so that he barely hears the 500-cps 
signal in the head receiver when the probe is at a 
point where the signal pick-up is a maximum. Ad­
justing the volume to the lowest level possible ac­
centuates the reduction in signal when the probe 
passes a break.

The next step is to check for the 500-cps signal 
at intervals along the w’ire, probably every two or 
three pole spans. The absence of the signal indi­
cates that the craftsman has passed the open con­
ductor and that he must backtrack to locate it. In 
most cases, he can find a position where the signal 
is audible at one point, and not audible six inches 
away. In a few cases, usually in long lengths, the 
signal may not drop off completely. However, if 
the gain of the amplifier is set low originally, the 
telephone craftsman experiences no difficulty in 
determining the point where the signal drops off 
significantly.

To mark the location of the open conductor, the 
craftsman temporarily hangs the l l lA  Test Set 
on the wire with the hook on the handle of the 
probe. Then, he either lowers the wire to the 
ground or uses a ladder truck to reach the wire. 
In most cases, the open is obvious upon close vis­
ual inspection. Sometimes, however, the insula­
tion may be continuous, but the wire inside is 
open. In these cases, the craftsman uses a capaci­
tance probe (such as the 513A Tool) to locate the 
correct wire and localize the break to within a 
section only an inch long.

Safety was a paramount factor in developing 
the test set. The set is intended for use with sev­
eral extension handles so that it can be held 
against the multiple-line wire from the ground. 
Thus, it may accidentally come in contact with 
power wires that are on the same pole line or that 
cross the telephone line. For this reason, the set is 
designed so that contact with voltages as high as
10,000 volts will not injure the user of the set. 
To achieve this. Laboratories engineers developed 
apparatus which limited the current to less than 
1 milliampere, the threshold value for shock 
sensation. Under test conditions, with the cord 
grounded and the exposed metal parts at 10 kv 
60 cps, the current is 0.6 milliampere. Although
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higher currents could be tolerated, it is desirable 
to eliminate any shock sensation because the re­
sulting reactions could cause a telephone crafts­
man to trip or fall.

The design of the upper section presented a 
challenging problem because of the need for both 
good coupling to pick up the 500-cps signal 
and the need to limit current in case the pickup 
plate should contact high voltage. The guide as­
sembly contains a flat plate in the bottom of the 
V-shaped guide to pick up the 500-cps signal. The 
plate is connected through four series capacitors 
to a cord that feeds the amplifier and headset. 
These capacitors are encapsulated in a tube below 
the pickup plate, and they provide a margin of 
safety so that if one capacitor in the group short- 
circuits, the current at 10 kv will still be less 
than 1 milliampere.

The guide assembly is insulated from the metal 
tubing at the base of the set by a fiberglass tube 
approximately five feet long. A cord from the 
capacitors in the guide runs down the inside of 
the fiberglass tube and is thus protected from 
mechanical damage. An external cord runs from 
the base of the tube to the amplifier at the crafts­
man’s belt. Both cords are shielded and can with­
stand voltages of 15 kv, 60 cps. All the metal 
fittings on the test set, except the pickup plate, 
are insulated from the cord that connects the 
capacitors to the amplifier.

All l l l A  Test Sets are checked at yearly inter­
vals to insure that defective models are either re­
paired or taken from service. At Western Electric 
repair centers, the sets are first tested at 10 kv, 
60 cps, to determine that breakdown does not occur. 
Next, the capacitance is measured to determine 
that no capacitor has shorted. The dc resistance 
of the capacitor is measured to insure that it is 
within limits. The cords are visually inspected 
for defects.

A simple filter in the test set attenuates the 60- 
cps voltage picked up from overhead power lines. 
It makes use of (1) the four series capacitors, 
(2) the capacitance of the cord, and (3) a resistor 
at the terminal point between the internal and 
external cord. This triple combination results in a 
high-pass filter which has a response at 60 cps 
which is down 18 db compared to that at 500 cps.

The 111 A Test Set and the testing method de­
scribed here have been well received by field per­
sonnel. A small amount of apparatus is involved, 
the procedure is simple, safe, and the exact loca­
tion of a break can be found in a straight-forward 
manner. Perhaps, the most significant feature of 
the set is that it can be used with a minimum of 
pole climbing.

TWX System 
Successfully Converted 
To Dial Operation

The Bell System’s teletypewriter exchange 
service (TWX) was successfully converted during 
the Labor Day weekend from a manual service 
using operators and switchboards on a separate 
network to dial service over the DDD network.

The cutover, the first nationwide dial conver­
sion in Bell System history, was the result of the 
combined efforts of all the operating telephone 
companies, the A.T.&T. Company, the Western 
Electric Company, The Teletype Corporation, and 
Bell Telephone Laboratories.

The conversion, which went into service 26 
months after the start of development, required 
many new developments by the Laboratories. A 
new transistorized data set was developed which 
transforms teletypewriter pulses into tone sig­
nals to be sent over the DDD network. A new 
switchboard and operating room desks were de­
signed to handle the calls which require the 
personal attention of the operators. In addition, 
new switching, transmission, and signaling de­
signs were developed.

Since the cutover of the system, the A.T.&T. 
Company has gathered daily reports from all the 
operating telephone companies concerning the 
quality of the service being given. Continued im­
provement has been reported in the operation of 
the system as customers have become better ac­
quainted with the operating procedures and minor 
trouble conditions have been rectified.

Fourteen Laboratories organizations, including 
groups at West Street, Murray Hill, Holmdel, 
Columbus, Merrimack Valley, Indianapolis, and 
Allentown were involved in the development. Mr. 
W. M. Bacon at West Street was responsible for 
the major development and overall coordination 
of the development aspects of the project. Mr. T.
L. Dimond of Holmdel was responsible for the 
overall planning of the system. The change will 
mean faster and more convenient transmission 
of typewritten messages between the nation’s
60,000 exchange teletypewriters. Now calls be­
tween machines may be dialed just as telephone 
calls are.

All TWX stations have been modified to work 
with the dial system. About 900 switching offices 
and most of the nation’s major telephone trunk 
routes are involved. The Bell System first offered 
nationwide TWX service in 1931.
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T w o -W ay Voice Channel 
V ia  T e is ta r Established w ith  
Com pact Ground Station

Bell Laboratories demonstrated last month that 
a single two-way voice channel can be accom­
plished via Teistar with equipment which is sim­
ple and relatively inexpensive compared with the 
Bell System’s Teistar ground station at Andover, 
Me. The ground station used in the demonstra­
tions included a remodeled 18-foot dish antenna, 
together with other existing equipment.

In one of the two demonstrations conducted, 
a two-way telephone conversation was carried 
out. The path of the call was from the small 
ground station at Bell Laboratories Holmdel, N. J., 
location, to Teistar and down to Andover. From 
Andover, the call was sent back to Holmdel by 
regular telephone circuits. This showed that such 
a small ground station can be used in conjunc­
tion with a much larger installation such as the 
one at Andover.

In the other demonstration, a voice signal was 
sent from the small antenna to the Teistar satel­
lite and back to the same antenna. This suggested 
that two small stations, separated by thousands 
of miles, could supply two-way voice communi­
cations via satellite.

Studies made more than a year ago convinced 
Laboratories engineers that a simple small 
ground station could make use of an orbiting 
low-level satellite, such as Teistar, for limited 
communications. On July 27, 1962, with a work­
ing Teistar satellite orbiting the earth, they de­
cided to conduct an experiment to demonstrate

that such a system was feasible. In two and a 
half weeks, they assembled existing communica­
tions equipment and built a comparatively inex­
pensive sending—receiving station at Holmdel.

The experiment was conducted under Warren
E. Danielson, Director of the Military Research 
Laboratory, with Robert Lowell, John S. Cook, 
and Ira Jacobs of that Laboratory playing key 
roles in the organization and execution of the 
experiment.

While the capabilities of a small station like 
the one demonstrated at Holmdel are small com­
pared with the installation at Andover, such a 
station could provide basic service where com­
munications needs are limited. The Andover sta­
tion can provide one television channel or 600 
voice channels. The small system demonstrated 
provided only a single two-way voice circuit.

Much of the equipment used in the experiment 
was standard communications equipment that 
was on hand or easily acquired. The engineers 
were interested in simplicity and speed rather 
than compactness or design for maunfacture. The 
antenna was an inexpensive 18-foot expanded 
mesh dish which was mounted on a motor-driven 
World War II radar pedestal. This configuration 
had been previously used at frequencies near 1 
KMC for the Project Echo equipment (R ecord, 
September, 1961). To prevent leakage of the 
higher-frequency 4 and 6 KMC signals required 
for Teistar, a layer of ordinary aluminum win-
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dow screen had been wired in place over the ex­
panded mesh. This makeshift dish performed very 
well; however, an appropriately designed 10 foot 
dish antenna would perform equally well. This 
should be contrasted with the 08-foot opening of 
of the giant horn antenna at Andover.

The method chosen for coupling energy to and 
from the antenna allows for simultaneous trans­
mission and reception of voice-modulated micro- 
wave signals. A modified Bell System TH micro- 
wave transmitter was used in the experiment. 
Output from this equipment was further ampli­
fied to 850 watts (at 6 kmc) by an air-cooled 
klystron tube. The transmitter carrier frequency 
was 6384.58 me. It was modulated over a radio 
frequency bandwidth of 66 kc. Width of the trans­
mitted beam was 0.8 degrees.

Receiving frequencies for the experiment were 
4165 me or 4175 me. A low-noise 4 kmc receiving 
system was used. To obtain the high receiver 
sensitivity required, two very low noise para­
metric amplifiers, one at room temperature, the 
other cooled to 77 degrees K to reduce the thermal

Compact ground station used to demonstrate two- 
way voice communications via Telstar used sim­
ple, relatively inexpensive ground equipment. The 
18-foot dish antenna was used for both sending 
and receiving; control equipment is in trailer.

1

noise in the system, were used in tandem. (The 
coolant is liquid air, easily obtained with an air 
compressor. It needs to be replenished no oftener 
than every ten days.)

The amplifier was originally built at Bell Lab­
oratories as a reserve for the more sensitive ma­
ser amplifier now being used in the Andover horn 
antenna. When receiving a 4170 me signal it pro­
vides an almost flat gain of 38 db over a 50 me 
bandwidth. The cooled amplifier itself has a noise 
figui'e of less than 1 db. The heart of the amplifier 
is a hermetically-sealed gallium arsenide diode 
that has very low intrinsic noise.

An FM demodulator with negative feedback, 
slightly modified from the one used in the Project 
Echo experiment, reduces noise still further. The 
FM feedback circuit is an improved version of the 
one invented at Bell Laboratories in the 1930’s. 
It acts as a very rapid automatic tuning device, 
tuning a narrow-band receiver to the exact fre­
quency being received at any instant, although 
the signal varies over a wide band. Thus the re­
ceiver picks up background noise only in a very 
narrow band instead of the much greater noise 
that it would pick up without this feature. The 
signal to noise ratio at the output of the receiver 
is better than 44 db.

The compact ground station is nearly self-suffi­
cient. In tracking Telstar, the antenna was con­
trolled by a simplified version of the automatic 
tracking method used with the large horn an­
tenna at Andover. The only outside help needed 
was orbital information for the initial position­
ing of the antenna. (This information can be pre­
dicted weeks or months in advance.)

The small antenna at Holmdel was pointed at 
a region in the sky where Telstar was expected 
to pass. As the satellite passed through the re­
gion, the antenna picked up Telstar’s 4080 me 
precision tracking beacon (which had been turned 
on by Andover). The autotrack system then 
“ locked on” and positioned the antenna to follow 
the satellite to within a small fraction of the an­
tenna beam width. (When the antenna tracks 
just a slight bit off the center of the satellite sig­
nal, the 4080 me energy is propagated in a dif­
ferent manner through the waveguide leading 
from the dish. This change in mode of propaga­
tion is used as an error signal to correct the 
pointing of the antenna). The antenna has a 
beam width of about 1 degree when receiving the 
microwave signals from Telstar.

A system such as this might offer an oppor­
tunity for new and developing countries, whose 
communications needs are limited, to participate 
in satellite communication.
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P A T E N T S

Following is a list of the inventors, titles and patent numbers 
of patents recently issued to members of the Laboratories.

Abbott, G. F., Jr. and Padden,
F. D.—Transistor Multivibra­
tor Circuit with Variable Im­
pedance Operation Stabilizing 
Means—3,051,850.

Alsberg, D. A. and Denton, E. C. 
—Duplex Station Employing a 
Reflex Traveling Wave Ampli­
fier and Frequency Conversion 
—3,045,235.

Anderson, W. W. and Hines, M. E.
—Slow-Wave Broadband Non­
reciprocal Microwave Devices— 
3,051,908.

Andregg, E. R.—Telephone Pay 
Station System—3,048,660.

Andrews, E. G.—Magnetic Stor­
age Circuits—3,050,716.

Atalla, M. M., Ross, I. M. and 
Smits, F. M.—Semiconductor 
Tunnel Device—3,045,129.

Averill, R. M., Jr.—Magnetic 
Memory Array—3,048,826.

Barnes, C. E.—Broadband Polar­
ization Rotator—3,046,506.

Berkery, E. A.—Surge Suppres­
sion for Power Supplies—3,047,- 
746.

Benson, M. L. and Breen, C.— 
Registration Control Circuit— 
3,050,588.

Bomba, J. S., Haller, N. M. and 
Kretzmer, E. R.—Line Tracing 
System—3,050,581.

Bonner, A. L.—Negative Imped­
ance Repeaters—3,042,759.

Bosworth, R. H.—Mounting Board 
for Electric Circuit Elements 
—3,042,740.

Brass, R. L.—Semiconductor Hall 
Effect Devices—3,050,698.

Breen, C. and Michael, H. J.— 
Morning Call System—3,046,- 
339.

Breen, C., see Benson, M. L.
Buhrendorf, F. G.—Tape Drive 

Control System—3,045,884.
Byrnes, P. A., Jr., Davis, T. E. 

and Mener, E. C.—Bonding Ap­
paratus—3,048,690.

Carbrey, R. L.—Bipolar Clamp 
for Pulse Modulation Systems 
—3,050,587.

Gath, P. G. and Pferd, W.—Im­
pulse Transmitting Mechanism 
—3,046,355.

Clemency, W. F.—Loud Speaking 
T elephone—3,046,354.

Courtney-Pratt,J. S.—Highspeed 
Shutter—3,043,960.

Cutler, C. C.—Stabilization of 
Earth Satellite Repeaters— 
—3,048,350.

Davis, T. E., see Byrnes, P. A. Jr.
Davis, T. E.—Diode Impedance 

Pester—3,048,779.
De Loach, B. C., Jr.—Broadband 

Solid State Amplifier and Switch 
Using “Dam” Cavity—3,050,- 
689.

Deming, R. D., Jacobitti, E., 
Kennedy, J. B., Large, W. V. K. 
and Pruden, H. M.—Supervi­
sory Control System—3,046,525.

Denton, E. C., see Alsberg, D. A.
Donoho, P. L.—Spin Stabilization 

of Earth Satellites—3,048,351.
Engelbrecht, R. S.— Traveling 

Wave Parametric Amplifier— 
3,045,189.

Engelbrecht, R. S.—Up-Convert­
er Amplifier Circuits with Iso­
lation—3,051,909.

Favin, D. L.—Method and Appa­
ratus for Synchronizing Oscil­
lators—3,049,675.

Fleckenstein, W. 0 .—Variable 
Length Code Group Circuits— 
3,051,940.

Fulmer, R. J.—Failure Detecting 
Apparatus—3,042,752.

Geyling, F. T.—Stress Photometer 
—3,041,923.

Gianola, U. F.—Electrical Control 
Circuits—3,045,215.

Glaser, J. L.—Reduction of Quan­
tizing Error in Quantized 
Transmission Systems—3,048,- 
781.

Gotthardt, M. R. and Lowry, T. N. 
—Control Arrangement for 
Line Concentrator—3,047,668.

Graham, R. E.—Sequential Scan 
Television with Line Interpola­
tion—3,051,113.

Graham, R. S.—Pulse Transmis­
sion System—3,042,751.

Gyorgy, E. M. and Scovil, H. E. D. 
—Method of Suppressing Satu­
ration Effects in Gyromagnetic 
Devices—3,051,917.

Haas, C. W., Jr.—Ring Counter- 
Pulse Distributor Using a Sin­
gle Phase-Opposed Alternating 
Voltages for Driving Common 
Push-Pull Lines—3,047,738.

Haller, N. M., see Bomba, J. S.
Harmon, L. D.—Automatic Char­

acter Analyzer—3,050,711.
Harmon, L. D.—Output Selecting 

Circuit—3,050,713.
Hawkins, W. L. and Winslow, 

F. H.—Composition Including 
a Saturated Hydrocarbon Poly­
mer Stabilized with Oxygen­
ated or Sulfurized Carbon 
Black—3,042,040.

Holder, G. K. and Mayo, J. S.— 
Detection and Measurement of 
Errors in Pulse Code Trains— 
3,048,819.

Hellstrom, E. C. and Pollard, 
C. E., Jr.—Switching Device— 
3,048,677.

Highleyman, W. H.—Function 
Generators—3,047,747.

Hines, M. E., see Anderson, W. W.
Hose, R. H.—Automatic Card- 

Dialing Telephone Desk Set— 
D-193,269.

Hose, R. H.—Automatic Card- 
Dialing Telephone Desk Set— 
D-193,270.

Hose, R. H. and Lince, A. H.— 
Case for a Measuring Instru­
ment—D-193,481.

Hussey, L. W.—Transistor Cross- 
point Switching Netivork— 
3,047,667.

Jacobitti, E., see Deming, R. D.
Jurgens, W. C. and Treptow, 

F. W.—Guided Cord Weight 
Assembly—3,046,356.

Kaenel, R. A.—Analog-to-Digital 
Converter—3,046,543.

Keller, A. C., Peek, R. L., Jr., 
Schneider, C. and Spahn, C. F., 
3y.—Relay—3,042,113.

Kennedy, J. B., see Deming, R. D.
Kibler, L. U.—Capacitively Load­

ed Waveguide—3,050,702.
Kompfner, R.—Broadband Cyclo­

tron Wave Parametric Ampli­
fier-3,051,911.
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Kramer, H. P.—Multiplex Sigual- 
ing System—3,046,346.

Kretzmer, E. R., see Bomba, J. S.
Large, W. V. K., see Deming, 

R. D.
Lee, B. W.—Self-Correctiug Ring 

Couuter—3,051,855.
Lee, B. W.—Transistor Multivi­

brator Circuit—3,046,493.
Lewis, W. D.—Microwave Carrier 

Logic Circuits—3,044,017.
Lince, A. H., see Hose, R. H.
Logan, M. A.—Resistivity Meas­

uring C ircu it—3,048,776.
Lowry, T. N., see Gotthardt, M. R.
Mallery, P.—Analog-Digital Con­

verter and Register—3,051,941.
Marcatili, E. A. J. and Ring, D. H. 

—Millimeter Wave Hybrid 
Junction—3,050,699.

Margolis, D. P. and Walsh, E. G. 
—The Method of Bonding Me­
tallic Members—3,050,843.

Mayo, J. S., see Helder, G. K.
Melroy, D. O.—Traveling Wave 

3,045,145.
Mener, E. C., see Byrnes, P. A., Jr.
Michael, H. J., see Breen, C.
Miedema, H.—Transmission Con­

trol in a Two Way Communica­
tion System—3,046,347.

Neumann, P. G.—Error-Correct­
ing System—3,051,784.

Nielsen, J. W.—Single Crystal 
Garnets—3,050,407.

Nielsen, J. W.—Zinc Oxide Crys­
tal Growth Method—3,043,671.

Padden, F. D., see Abbott, G. F., 
Jr.

Peek, R. L., Jr., see Keller, A. C.
Pferd, W., see Cath, P. G.
Pollard, C. E., Jr., see Hellstrom,

E. C.
Poole, K. M., Tien, P. K., and 

Weiss, J. A.—Gyromagnetic 
Amplifier with Parallel Pump­
ing—3,044,021.

Preston, K., Jr.—Transistor-Core 
Pulse Generator—3,048,709.

Pruden, H. M., see Deming, R. D.
Rigrod, W. W.—Rotating Beam 

Space-Charge Wave Parametric 
Amplifier—3,051,910.

Ring, D. H., see Marcatili, E. A.
Robertson, D. D.—Signal Trans­

lating System—3,041,993.
Ross, I. M., see Atalla, M. M.
Rumpel, C. H.—High Frequency 

Power Meter—3,048,778.
Runyon, J. P.—Reciprocal Timing 

of Time Division Switching 
Centers—3,050,586.

Sandberg, I. W.—Active Multi- 
port Networks—3,045,194.

Sandberg, I. W.—Active Multi- 
port Networks—3,046,504.

Sandberg, I. W.—Active Two- 
Port Network—3,051,920.

Schneider, C., see Keller, A. C.
Schott, L. O.—Negative Resist­

ance Diode Pulse Repeater— 
3,051,846.

Scovil, H. E. D., see Gyorgy, E. M.
Seley, E. L. and Stone, R. C., Jr.

—Logic System Including High 
Fan-Out Stage Having Vari­
able Clamping Means—3,048,- 
716.

Smith, L. M.—Digital Data Con­
verter—3,051,929.

Smits, F. M., see Atalla, M. M.
Spahn, C. F., Jr., see Keller, A. C.
Spenninger, W. R.—Wire Cutting 

Pliers—3,047,947.
Stone, R. C., Jr., see Seley, E. L.
Tang, C. C. H.—Tapered Wave­

guide Transition Section— 
3,050,701.

Tien, P. K., see Poole, K. M.
Treptow, F. W., see Jurgens, 

W. C.
Vaughan, H. E.—Multiplex Sig­

naling System—3,050,589.
Walsh, E. G., see Margolis, D. P.
Weber, E. H., Jr.—Transistorized 

Switching Circuit Having Bi­
polar Control—3,051,854.

Weiss, J. A., see Poole, K. M.
Whidden, W. E.—Combined Port­

able Telephone Enclosure and 
Support—D-193,393.

Willhite, C. C.—Limiter Systems 
—3,044,705.

Winslow, F. H., see Hawkins, 
W. L.

Yaeger, R. E.—Encoder for Pulse 
Code Modulation—3,051,901.

York, R. K.—Gate Circuit— 
3,051,845.

Zarouni, A.—Traffic Recorder— 
3,047,665.

P A P E R S

Following is a list of the authors, titles and places of publica­
tion of recent papers published by members of the Laboratories.

Abrahams, S. C., PEXRAD — 
Programmed Electronic X-ray 
Automatic Diffractometer, Da- 
tex Digest, No. 5, pp. 6-9, 1st 
quarter 1962.

Adda, L. P., Recombination Proc­
esses in Silicon Containing Gold 
and Manganese, Ph.D. Thesis, 
Lehigh Univ., 1962.

Alexander, S., see Van Bergeijk, 
W. A.

Alexander, S. H., see Karlin, J. 
E.

Benes, V. E., A “Renewal” Limit 
Theorem for General Stochastic 
Process, Ann. Math. Statist., 
33, pp. 98-113, March, 1962.

Benes, V. E., Martingales on Met­
ric Spaces, Theory Probability 
Appl. (U.S.S.R.), 7, pp. 82-3, 
1962.

Bennett, W. R., see Patel, C. K. N.
Bennett, W. R. and Kindlmann, P.

J., A Magnetostrictively Tuned 
Optical Maser., Rev. Sci. Instr. 
33, pp. 601-5, June, 1962.

Blount, E. I., Bloch Electrons in 
a Magnetic Field, Phys. Rev., 
126, pp. 1636-53, June 1, 1962.

Buff, F. P., see Stillinger, F. H.
Faust, W. L., see Patel, C. K. N.
Fuller, C. S. and Wolfstirn, K. 

B., Diffusion, Solubility, and 
Electrical Behavior of Lithium 
in Gallium Arsenide Single 
Crystals, J. Appl. Phys. 33, 
pp. 2507-14, August, 1962.
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Kane, E. 0., Theory of Photoelec- 
trie Emission from Semiconduc­
tors, Phys. Rev., 127, pp. 131-40, 
July 1, 1962.

Karlin, J. E., see Munsun, W. A. 
Karlin, J. E. and Alexander, S. 

H., Communication Between 
Man and Machine, Proc. IRE, 
50, pp. 1124-8, May, 1962. 

Kindlman, P. J., see Bennett, W. 
R.

Kuebler, N. A., see Nelson, L. S. 
Kunzler, J. E., see Tanenbaum, M. 
Lander, J. J., Morrison, J. and 

Unterwald, F., Improved Design 
and Method of Operation of 
Low-Energy Electron Diffrac­
tion Equipment, Rev. Sci. Instr.,
33, pp. 782-3, July, 1962.

Logan, R. A., see Trumbore, F. A. 
Luke, C. L., see Trumbore, F. A. 
McFarlane, R. A., see Patel, C. K.

N.
Morrison, J., see Lander, J. J. 
Munsun, W. A. and Karlin, J. E., 

Isopreference Method for Eval­
uating Speech - Transmission 
Circuits, J. Acoust. Soc. Am.,
34, pp. 762-74, June, 1962. 

Nelson, L. S. and Kuebler, N. A.,
Absorption Spectra of Gaseous 
Species Formed at Flash-Heat­
ed Solid Surfaces, J. Chem. 
Phys., 37, pp. 47-53, July, 1962. 

O’Donohue, J. P., A Note on Using 
Cascaded Simple Averages for 
Obtaining Acceleration In­

formation, IRE Trans, on Cir­
cuit Theory, CT-9, p. 187, June, 
1962.

Onoe, M., Triangular Walk Pat­
tern for the Down-Hill Method 
of Solving a Transcendental 
Equation, Commun. Assoc. Com­
puting Machinery, 5, p. 399, 
July, 1962.

Patel, C. K. N., Bennett, W. R., 
Faust, W. L., and McFarlane, 
R. A., Infrared Spectroscopy 
Using Stimulated Emission 
Techniques, Phys. Rev. Letters, 
9, pp. 102-4, August 1, 1962.

Paul, B., Generalization of the 
Schmidt Graphical Method for 
Transient Heat Conduction, 
Am. Rocket Soc. J., 32, pp. 1098-
9, July, 1962.

Paul, B., Comments on “Behavior 
of Materials in Space Environ­
ments,” Am. Rocket Soc. J., 
32, p. 1117, July, 1962.

Rupp, L. W., see Walsh, W. M.
Schmidt, P. H., Chemical Polish 

for Lead Telluride, J. Electro- 
chem. Soc., 109, p. 879, Septem­
ber, 1962.

Schroeder, M. R., Improvement of 
Feedback Stability of Public 
Address Systems by Frequency 
Shifting, J. Audio Engg. Soc.,
10, pp. 108-9, April, 1962.

Spitzer, W. G., see Trumbore,
F. A.

Stillinger, F. H. and *Buff, F, P.,

Equilibrium Statistical Mechan­
ics of Inhomogeneous Fluids, J. 
Chem. Phys., 37, pp. 1-12, July 
1, 1962.

Tanenbaum, M., Materials Science 
and Motherhood, Proc. Symp. 
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der, S., The Lateral-Line Canal 
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Paramagnetic Resonance of 
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tivity—Its Application to Large

Magnets, Purdue Univ., Lafay­
ette, Ind.
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J., The Detection of Flashes of 
Sunlight Reflected from a Satel­
lite, Soc. Photographic Instru­
mentation Engrs. Symp., New 
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Cramer, R. M. R., see Yager, W. 
A.

Critchlow, G. F., Telstar—Com­
munications via Satellite, Hu­
man Factors Soc., Metropolitan 
Chapt., Murray Hill, N. J.
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AIEE-IRE Solid State Device 
Research Conf., Durham, N. H. 
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Listening—Is It Practical? Hu­
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Thomas, D. G., see Gershenzon, M. 
Thomas, D. G., Bound Excitons in 

Cadmium Sulfide and Zinc Tel- 
luride. Intern. Semiconductor 
Conf., Exeter, England.

Thomas, U. B., see Feldman, D. 
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W., Dicarbenes and the Chem­
istry of Bis-Diazo Compounds, 
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ganic Reactions and Processes, 
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G. G., The Lateral-Line Organ 
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Hair Cell Problem, Acoust. Soc. 
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Walsh, W. M., Paramagnetic Re­
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Groups Ions Bound in Nucleic 
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Kingdom Atomic Energy Res. 
Estab., Harwell, England, 2. 
1st Internat. Conf. on Paramag­
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Walsh, W. M., and Fawcett, E., 
Cyclotron Resonance in Tung­
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Warthman, K. L., see Cave, J. H. 
Wasserman, E., see Yager, W. A. 
Wolfe, R. M., A Cylindrical Thin 

Film Shift Register and Com­
patible Logic Circuitry, Work­
shop on Ultrafast Computers, 
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Yager, W. A., Wasserman, E., 

and Cramer, R. M. R., ESR Ob­
servations of Delta-M = 1 Tran­
sitions of Triplet States in 
Glasses, Gordon Research Conf. 
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Yariv, A., Paramagnetic Reson­
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Absorption Spectra of Gaseous 
Species Formed at Flash-Heat­
ed Solid Surfaces, J. Chem. 
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Magnets, Purdue Univ., Lafay­
ette, Ind.

Courtney-Pratt, J. S., Hill, D. W., 
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J., The Detection of Flashes of 
Sunlight Reflected from a Satel­
lite, Soc. Photographic Instru­
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Critchlow, G. F., Telstar—Com­
munications via Satellite, Hu­
man Factors Soc., Metropolitan 
Chapt., Murray Hill, N. J.
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Delchamps, T. B., Confronting 
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Early, J. M., N-on-P Solar Cells 

for Telstar, AIEE Pacific En­
ergy Conversion Conf., San 
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Feldman, D. and Thomas, U. B., 

Current Status of Sealed Nickel 
-Cadmium Storage Cells, AIEE 
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Foster, F. G., Gold From Plated 
Surfaces May Embrittle Solder, 
Am. Soc. Testing Materials, 
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Fuller, C. S. and Wolfstirn, K. 
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Gallium Arsenide, Intern. Conf. 
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Exeter, England.
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Gobeli, G. W., see Allen, F. G.
Gordon, J. P., Quantum Noise 
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dustry Missile and Space Re­
liability Symp., San Diego.

Harris, G. G., see Van Bergeijk, 
W. A.

Harris, G. G. and Van Bergeijk, 
W. A., Evidence That the Lat­
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Water Displacements, Acoust. 
Soc. Am., New York City.
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Semiconductors, Exeter, Eng­
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Factors Soc., Metropolitan 
Chapt., Murray Hill, N. J. 
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Enrico Fermi Italian School of 
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McAfee, K. B., Effects of Struc­
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in Silica Glass, Gordon Research 
Conf. on Phys. Metallurgy, 
Meriden, N. H.

McLaughlin, J. W., see Courtney- 
Prait, J. S.

Mitchell, D., Satellite Systems for 
Telephone and Television Re­
lays, Am. Federation of Tele­
vision and Radio Artists, Miami. 
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Industrial Design and Human 
Factors, Human Factors Soc., 
Metropolitan Chapt., Murray 
Hill, N. J.

Murray, R. W., see Trozzolo, A. 
M.

Poliak, H. 0., On the Nature of 
Mathematical Research Work 
in Industry, Michigan State 
Univ., East Lansing.

Schmidt, R., Mechanism of Lead 
Bond Failures on Aged Germ­
anium and Silicon Transistors, 
AIEE-IRE Solid State Device 
Research Conf., Durham, N. H. 

Schoffler, M. S., Simultaneous 
Listening—Is It Practical? Hu­
man Factors Soc., Metropolitan 
Chapt., Murray Hill, N. J. 

Thomas, D. G., see Gershenzon, M. 
Thomas, D. G., Bound Excitons in 

Cadmium Sulfide and Zinc Tel- 
luride. Intern. Semiconductor 
Conf., Exeter, England.

Thomas, U. B., see Feldman, D.
Trozzolo, A. M., and Murray, R. 

W., Dicarbenes and the Chem­
istry of Bis-Diazo Compounds, 
Gordon Research Conf. on Or­
ganic Reactions and Processes, 
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Van Bergeijk, W. A., see Harris,
G. G.

Van Bergeijk, W. A., and Harris,
G. G., The Lateral-Line Organ 
of Fish—A Possible Key to the 
Hair Cell Problem, Acoust. Soc. 
Am., New York City.

Walsh, W. M., Paramagnetic Re­
sonance Studies of the Iron- 
Groups Ions Bound in Nucleic 
Acid Pseudo crystals, 1. United 
Kingdom Atomic Energy Res. 
Estab., Harwell, England, 2. 
1st Internat. Conf. on Paramag­
netic Resonance, Jerusalem.

Walsh, W. M., and Fawcett, E., 
Cyclotron Resonance in Tung­
sten, Intern. Conf. on Magnetic 
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hoven, The Netherlands.

Warthman, K. L., see Cave, J. H.
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Wolfe, R. M., A Cylindrical Thin 

Film Shift Register and Com­
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shop on Ultrafast Computers, 
Lake Arrowhead, Calif.
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Yager, W. A., Wasserman, E., 

and Cramer, R. M. R., ESR Ob­
servations of Delta-M = 1 Tran­
sitions of Triplet States in 
Glasses, Gordon Research Conf. 
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Yariv, A., Paramagnetic Reson­
ance, Optical Masers and Their 
Practical Applications, Israeli 
Radio Network.

Zajac, E. E., Some Simple Solu­
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titude Control of Satellites, 4th
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Zabusky, N. J., Nonlinear Models 
for Phenomena in Plasma 
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H.J. Wallis

H. J. Wallis, Assistant Vice 
President in charge of the Gener­
al Staif Division, was born in Mit­
chell, S. D. He received the B.S. 
in E.E. degree from South Dako­
ta School of Mines and Technolo­
gy in 1934. Upon joining the Lab­
oratories in 1937, he was initially 
concerned with trial installations 
and current engineering problems. 
After several years in equipment 
design work, he transferred to 
the Staif Division where he head­
ed shops and general service de­
partments. After a two-year as­
signment with Sandia Corporation, 
he returned to the Laboratories 
as New York Area Staff Mana­
ger. He was appointed to his pres­
ent position in 1956.

Mr. Wallis, author of “ The 
Holmdel Laboratories,” is a mem­
ber of Sigma Tau, Society for the 
Advancement of Management, and 
the American Management Asso­
ciation. He is currently serving as 
a member of the Planning Coun­
cil for the Administrative Serv­
ices Division of AMA.

George Spiro, the author of the 
article on Centrex Service in this 
issue, was born and educated in 
New York City, receiving the BEE 
and MIE degrees from New York 
University in 1954 and 1959, re­
spectively. Mr. Spiro served with 
the U.S. Army Signal Corps in 
the European Theatre of Opera­
tions during World War II. In 
1946 he joined the Plant Depart­

ment of the New York Telephone 
Company as a central office 
switchman. He advanced through 
various positions to staff engi­
neer, and in 1954 was transferred 
to the Engineering Department of 
the Company.

In 1958, Mr. Spiro joined Bell 
Laboratories. Since then his ma­
jor concern has been with systems 
engineering, first on No. 4 Toll 
Crossbar and later as supervisor 
of a group working on the No. 5 
Crossbar system. Mr. Spiro was 
recently appointed Head of the 
Local Switching Engineering De­
partment at the Holmdel Labo­
ratories. He is a member of Tau

George Spiro

Beta Pi and Eta Kappa Nu, and 
is presently secretary of the Com­
munications and Electronic Divi­
sion of the New York section of 
AIEE. He is a Licensed Profes­
sional Engineer in New York 
State.

Henry Dreyfuss, author of 
“The Industrial Designer — His 
Eole and Purpose,” was born in 
New York City. He attended local 
schools, and at the age of 19 
launched his career as a theatri­
cal designer. Six years later, he 
began his new profession in in­
dustrial design, a pioneer in the 
field.

The Henry Dreyfuss organiza­
tion, operating today from offices

in New York and California, 
works closely in many fields in 
the development of a wide variety 
of products, including telephones, 
turret lathes, farm equipment, 
printing presses, kitchen and 
household appliances, instru­
ments, and military projects. He 
has been a design consultant for 
Bell Laboratories since 1930.

Henry Dreyfuss, Fellow, Direc­
tor and Past President of the 
American Society of Industrial 
Designers, was also one of its 
founders. He is a faculty mem­
ber of the California Institute of 
Technology, and the University 
of California at Los Angeles, a 
member of the Board of Directors 
of the Ford Foundation—Educa­
tional Facilities Laboratories, and 
Benjamin Franklin Fellow of the 
Royal Society of Arts.

Mr. Dreyfuss has received a 
number of awards and honors, 
including the Architectural 
League Gold Medal (1951); the 
order of Orange-Nassau from 
Queen Juliana of the Netherlands 
(1952) ; a Doctor of Science de­
gree from Occidental College of 
California (1953) ; the Distin­
guished Contribution Award of 
the American Society of Indus­
trial Designers (1960); and the 
Design Award of the Philadel­
phia Museum College of Art 
(1962). He is also an honorary 
member of the Telephone Pio­
neers of America.

Henry Dreyfuss
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J. E. Greene
James E. Greene, author of 

“For No. 5 Crossbar—A Packaged 
Central Office,” was born in St. 
Marys, W. Va. He received his 
B.S.E.E. from Pennsylvania State 
University in 1925, and joined 
Bell Laboratories immediately on

graduating. His work has been in 
equipment design for step-by-step 
and crossbar dial systems, and 
for airborne radar during World 
War II. He is presently located 
at the Columbus, 0., branch labo­
ratory.

Irving M. McNair, Jr. author of 
“Locating Open Conductors in 
Multiple-Line Wire” in this issue, 
was born in Fairfax County, Vir­
ginia and received the B.S.E.E. 
with honors from Pennsylvania 
State University in 1954. He 
joined the Laboratories that 
year and subsequently completed 
the Communications Development 
Training Program. Mr. McNair 
received the M.S. degree from 
Stevens Institute of Technology 
in June 1961. He supervises a 
group concerned with the develop-

Irving M. McNair, Jr.
ment of test sets for wire identifi­
cation and fault location in the 
Outside Plant. He is a member of 
Tau Beta Phi, Phi Kappa Phi, and 
Eta Kappa Nu. He is an associate 
member of the AIEE and a li­
censed N.J. Professional Engineer.
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REDUCTION CO., INC. •  AIRTEC, INC. •  AIRTRON, INC. •  AIRWORK CORP. •  A K TOOL CO., INC. •  ALAMANCE MACHINE PRODUCTS CO. • ALBANO CO., INC, • ALDA PLASTICS, INC. • ALFRED I 
ALIBERTI, LAROCHELLE AND HODSON ENGINEERING CORP. • ALLEGHENY LUDLUM STEEL CORP. •  ALLEGRI TECH, INC. • ALLEN BRADLEY CO. •  ALLEN JONES, INC. • ALLENTOWN MACHINE AND 1 
INC. •  ALLEN TOBIN MOTORS, INC. •  ALLIED CHEMICAL CORP. •  ALLIED CONTROL CO., INC. •  ALLIED PLASTICS SUPPLY CORP. •  ALLIED RADIO CORP. •  ALLIED TOOL AND MACHINE CO. • Al 
SMITHS, INC. •  ALLOYS UNLIMITED •  ALL STATES DESIGN AND DEVELOPMENT CO. INC. •  ALL TOOL CO. •  ALL-TRONICS, INC. •  ALPHA METALS, INC. • ALPHA MOLYKOTE CORP. •  ALPHA WIRE CO 
ALTIZER •  ALUMINUM ALLOYS, INC, •  ALUMINUM CO. OF AMERICA •  ALUMINUM SUPPLY INC. •  AMANDES ALBRIGHT AND SON, INC. •  AMCO ENGINEERING CO. • AMEND DRUG AND CHEMIC 
AMERAC, INC. •  AMERICAN BRAKE SHOE CO. • AMERICAN ELECTRONIC LABORATORIES, INC. •  AMERICAN ENKA CORP. •  AMERICAN INDUSTRIAL AND SCIENTIFIC CO. •  AMERICAN INSTRUMEI 
AMERICAN LAVA CORP. •  AMERICAN LIGHT ALLOYS, INC. •  AMERICAN LOOSE LEAF CORP. • AMERICAN MACHINE AND FOUNDRY CO. •  AMERICAN MARIETTA CO. •  AMERICAN OIL AND 
AMERICAN OPTICAL CO. • AMERICAN RADAR COMPONENTS, INC. •  AMERICAN SILVER CO., INC. •  AMERICAN SMELTING AND REFINING CO. • AMERICAN STAMP AND STATIONERY CO. • Al 
CORP. •  AMETEK, INC. • A AND M INSTRUMENT SERVICE, INC. •  AMPEREX ELECTRONIC CORP. •  AMPEX CORP. • AMPEX VIDEO PRODUCTS CO. •  AMPHENOL BORG ELECTRIC CORP. < 
ANACONDA AMERICAN BRASS CO. •  ANACONDA WIRE AND CABLE CO •  ANACOTE CORP • ANALOG GENERAL CORP. •  ANCHOR PACKING CO. •  L. C. ANDREW AND CO, •  ANDREW CORP, • ANGLER 
ERNEST ANGWINE ♦ ANTENNA AND RADOME RESEARCH ASSOCIATES •  ANTI-CORROSIVE METAL PRODUCTS CO. • ANTLAB, INC. •  APPLIED MICROWAVE ELECTRONICS, INC. •  APPLIED RESEARCH, I 
ELECTRONICS, INC. • F. W. ARMITAGE, INC. •  JOHN L. ARMITAGE CO. • ARMSTRONG CORK CO. • ARNOLD ENGINEERING CO. •  ARO EQUIPMENT CORP. •  ARRA, INC. • ARROW AUTOMATIC PRO!
ARROW ELECTRONICS, INC. •  ARWOOD CORP. •  ASHEVILLE SCHOONMAKER MICA CO. •  ASSEMBLY PRODUCTS, INC. • ASSOCIATED ELECTRICAL INDUSTRIES EXPORT, LTD. • ASSOCIATED RES
ASSOCIATED SPRING CORP. •  ASSOCIATED TECHNICAL SERVICES, INC. • ASSOCIATED TESTING LABORATORIES, INC. •  ASTCO., INC. • ASTROLAB, INC. • ASTRONETICS, INC. •  E. ATIYEH AND SON 
AVIATION CORP. •  ATLANTIC CASTING AND ENGINEERING CORP. • ATLANTIC DESIGN CO. •  ATLANTIC INDIA RUBBER WORKS, INC. •  ATLAS ELECTRONICS, INC. •  AUGAT BROTHERS, INC. • 
ELECTRIC CO. • AUTOMATIC SWITCH CO. • AVNET ELECTRONICS CORP. •  A W TOOL AND GAGE CO. • PAUL R. BADGLEY MACHINE SHOP •  THE BAEOD CO. •  EDWARD P. BAKER, INC, •  MICHAEl 
INC. •  WILLIAM BAL CORP. •  BALDWIN LIMA HAMILTON CORP •  BALLANTINE LABORATORIES, INC. •  BARBER COLMAN CO. • THE BARDEN CORP, •  BARD PARKER CO., INC. •  BARNES AND B
BARRY WRIGHT CORP. • BARTLEY ENGINEERING • BART MFG. CORP. •  BASIC PRODUCTS CORP. •  RUDOLF BASS •  BAXTER RUBBER CO. • BAYONNE TOOL AND MFG. CO. •  B AND B ELECTRIC
BEAM SUPPLY, INC. •  BECKMAN INSTRUMENTS, INC. •  F W BELL INC •  BELMONT SMELTING AND REFINING WORKS, INC. •  BELZ INDUSTRIES •  THE BENDIX CORP. •  BENEDICT MILLER, INC. 
BENSON CO., INC. •  BENTLEY HARRIS MFG. CO. • BERGFELS CORP • BERYLLIUM CORP •  BETHEL INN •  BETHLEHEM ALUMINUM, INC, •  JAMES G, BIDDLE CO. •  BIG THREE WELDING EQUIPMENT CO. 
BINGHAM'S SON MFG. CO. •  BIRDAIR STRUCTURES, INC •  BIRD ELECTRONIC CORP •  THE BIRTCHER CORP. •  BISCHOFF TOOL CO. •  J. BISHOP AND CO. •  B AND K INSTRUMENTS, INC. • E 
POOL AND PLASTICS, INC. •  BLAIR ALUMINUM FURNITURE CO • BLILEY ELECTRIC CO • BLOOMFIELD METAL FABRICATORS CORP. •  BLUE M ELECTRIC CO. •  BOBKER BEARING CO., INC. • B 
CO. •  BOKERS, INC. •  BOLAND AND BOYCE, INC. •  BOND LABORATORIES, INC. •  BOONTON ELECTRONICS CORP. • BOONTON MOLDING CO. •  BOONTON RADIO CORP. •  BORG-WARNER CORP 
INSULATED WIRE AND CABLE CO. •  E. S. BOULOS CO • BOURNS INC •  BOYDEN INC • C W. BRABENDER INSTRUMENTS, INC. • BRADCO, INC. •  BRADLEY INDUSTRIES, INC. •  W. H. BRADY CO. 
BRAGAR PRODUCTS CO. •  BRANSON INSTRUMENTS INC. • BRASS AND COPPER SUPPLY OF CAROLINA, INC. • BRENNAN CO. •  RICHARD D. BREW AND CO. • BRIGGS SHAFFNER CO. • FRANK BRISC 
THE BRISTOL CO. •  BRONNER MFG. AND TOOL CO. •  THE HOMER 0. BRONSON CO • BROOKLYN TOOL AND MACHINE CO., INC. • BROOKS BROS., INC. •  BROOKS INSTRUMENT CO., INC •  BRO 
CHARLES BRUNING CO., INC. •  BRUSH BERYLLIUM CO. • BUCKBEE MEARS CO •  THE BUDD CO • BUD RADIO, INC. •  BULOVA WATCH CO., INC. •  S. BURGER, INC. • BURLINGAME ASSOCIATED LTD. 
CORP. .  BURNHAM BROTHERS • BURNS FACTORY SUPPLY, INC. •  BURTON MOUNT CORP. • BUSINESS OFFSET SERVICE, INC. •  CABLE DESIGNS, INC. • CALIBRATION STANDARDS CORP. • RAY C 
CALLAHAN MINING CORP. • CAMBRIDGE FILTER CORP. •  CAMBRIDGE THERMIONIC CORP. •  CAMLOC FASTENER CORP. •  CANNON ELECTRIC CO, • CANOGA CORP. •  CAPAXCO, INC. • THE CARBOt 
R. P. CARGILLE LABORATORIES, INC. • CAREER PRODUCTS CORP. • CARPENTER STEEL CO. •  CARRIER CORP. •  CENTAUR MACHINE TOOL AND MFG. CO. •  CENTERLESS PRODUCTS CO. •  CENTRAL GLA 
SERVICE • CENTRAL SCIENTIFIC CO. •  CENTURY FASTENERS CORP. •  CENTURY PLATING CO. • THE CERAMASEAL CO. •  P. H. CHAOBURNE AND CO. •  CHANCE VOUGHT CORP. •  L. C. CHAPMAN Cl 
t r a n s f e r  CORP. •  CHASSIS TRAK, INC. •  CHICAGO DYNAMIC INDUSTRIES, INC. •  J. G. CHRISTOPHER CO. • CIANCHETTE BROS., INC. •  CINCH MFG. CO. • CINCINNATI SUB-ZERO PRODUCTS • CIl 
DISTRIBUTORS, INC. •  C. K. C. QUARTZ CORP. •  CLARK AND READ CO. INC. • CLAROSTAT MFG. CO., INC. • CLARY CORP. •  CLASSIC PHOTO LABORATORIES •  CLEVELAND INSTRUMEN 
CLEVELAND TUNGSTEN, INC. •  CLEVITE CORP. •  CLIMAX MOLYBDENUM CO. •  CLOVER TOOL CO. • CODECO CORP. • SIGMUND COHN MFG. CO. •  COHU ELECTRONICS, INC. •  COLLIF 
COLONIAL PLASTICS CORP. • COLONIAL PROCESS SUPPLY C0„ INC. •  COLORADO OIL AND GAS CORP. •  COLOR REPRODUCTIONS, INC. •  COLSON CORP. • COMCO PLASTICS, INC. • COMERFORD MF 
COMMERCIAL FILTERS CO. •  COMMERCIAL PLASTICS AND SUPPLY CORP. • COMMUNICATION PRODUCTS C0„ INC. • COMPTON PRESS, INC. •  CONAX CORP. •  CONNECTICUT HARD RUBBER CO. • C. 
AND CO., INC. •  CONRAD, INC. •  CONSOLIDATED ALUMINUM CORP. • CONSOLIDATED BUSINESS SYSTEMS, INC. • CONSOLIDATED ELECTRO DYNAMICS CORP. •  CONSOLIDATED RADIO SALES CORP. . 
DATED RUBBER MFG. CO. •  CONSOLIDATED VACUUM CORP. •  CONSULTANTS AND DESIGNERS, INC. • CONTINENTAL CAN CO., INC. •  CONTINENTAL CONNECTOR CORP. • CONTINENTAL FABRIC/ 
CONTINENTAL PACKAGING, INC. •  CONTROLS CO. OF AMERICA •  COOK ELECTRIC CO. •  CO-OPERATIVE INDUSTRIES, INC. •  JOHN COOPER CO., INC. •  COOPER TIRE AND RUBBER CO. •  COORS POF 
CORNING GLASS WORKS •  COSMIC RADIATION LABS •  COUSE AND BOLTEN CO. •  COX AND CO., INC. • CRAMER CONTROLS CORP. • CRAMER ELECTRONICS, INC. • CRANE PACKING CO. .  CRANE 
PHILIP CRETER, INC. •  CRONAME, INC. •  CRUCIBLE STEEL CO. OF AMERICA •  R. S. CRUM AND CO. •  C AND S TOOL CO. •  CUBIC CORP. •  CULVER-STEARNS MFG. CO. •  JAMES CUNNINGHAM SON Al 
CURTIS INSTRUMENT, INC, •  CURTISS WRIGHT CORP. •  CUSHING AND NEVELL, INC •  CUSTOM MUSIC SYSTEMS • CUTLER HAMMER, INC. •  DAGE ELECTRIC CO., INC. •  C. R. DANIELS, INC. •  DATA 
SERVICE CORP. •  THE DAVEN CO. •  DAVIS MACHINE AND ELECTRONICS, INC. •  DAYSTROM, INC. •  DEFENDER INDUSTRIES, INC. •  OEHAVILLAND AIRCRAFT OF CANADA, LTD. •  DEJUR AMSCO CORP. . 
SEPARATOR CO. • DELEVAN ELECTRONICS CORP. •  DELTA DESIGN ENGINEERS, INC. •  DELTA F, INC. •  DE-MORNAY BONARDI, INC. • DEPEW MFG. CORP •  DERRICK MFG. CORP •  DESIGNATR/ 
DESIGN SERVICE CO. •  DETREX CHEMICAL INDUSTRIES, INC. • DEUTSCH CO. •  DEUTSCH FASTENER CORP. •  C. H. DEXTER AND SONS • DIALIGHT CORP • DIAMOND ANTENNA AND MICROWAVE CORi 
CONTROLS, INC. •  DIECRAFT, INC. • DIEHL MFG. CO. •  HENRY G. DIETZ CO., INC. •  DINGER MACHINE CO., INC. •  DIXIE MACHINE AND TOOL CO. •  WILLIAM DIXON, INC. •  DOALL NEW JERSEY CO., INI 
STEEL CO. •  DONNELLY MFG. CO. •  DOUGLAS AIRCRAFT CO., INC. •  DOUGLAS MICROWAVE CO., INC. • DOW CHEMICAL CO. •  DOW CORNING CORP. • DREMEL MFG. CO. •  DRESSER IDECO CO. • 
HENRY OREYFUSS • WILBUR B. DRIVER CO. •  DRIVER HARRIS CO. •  DRUMMOND SCIENTIFIC CO. •  E. I. DU PONT DE NEMOURS i  CO. INC. •  DURADEX, INC. •  DURALITH CORP. • DYNA EMPIRE, INC. • 
CORP. .  e a g l e  s ig n a l  CORP. •  EAGLE TOOL AND MACHINE CO., INC. •  EARLAN PLASTICS CO. •  EASTERN INDUSTRIES, INC. •  EASTERN MACHINE AND TOOL CO. •  EASTERN RADIO CORP. •  EASTI 
CO. •  ECKERT MINERAL RESEARCH • ECKERT TOOL AND DIE CO. •  EDGCOMB STEEL CO. • THOMAS A. EDISON INDUSTRIES •  EDMUND SCIENTIFIC CORP. •  EITEL MCCULLOUGH. INC. •  ELASTIC STOP 
ELCOR, INC. •  ELECTRA CRAFT, INC. •  ELECTRIC METER SERVICE •  ELECTRIC AND MUSICAL INDUSTRIES (U.S.), LTD. • ELECTRIC SPECIALTY CO. • ELECTRO AIR CORP. •  ELECTRO CHEMICAL ENGINI 
MFG. CO. •  ELECTRO IMPULSE LABORATORY, INC. • ELECTRO MECHANICAL RESEARCH, INC. •  ELECTRO MOTIVE MFG. CO. • ELECTRONIC ASSOCIATES, INC. •  ELECTRONIC EQUIPMENT CO., INC. • I 
m e a s u r e m e n t s , INC. •  ELECTRONIC MECHANICS, INC. • ELECTRONIC RESEARCH ASSOCIATES, INC. • ELECTRONICS CENTER, INC. • ELECTRONIC SPECIALTY CO •  ELECTRONIC STANDARDS CORP. (
ELECTRONIC WHOLESALERS •  ELECTRO SCIENTIFIC INDUSTRIES, INC. •  ELECTRO SWITCH CORP. •  ELECTRO TECH EQUIPMENT CO. • ELGIN NATIONAL WATCH CO. •  ELIZABETH SHEET METAL CORP. •  I
INC. •  EMERSON AND CUMING, INC. •  EMERSON PLASTICS CORP. •  EMPIRE DEVICES, INC. •  EMPIRE SWITCHBOARD CO. • ENDEVCO CORP. •  G. CURTIS ENGEL AND ASSOCIATES, INC. •  ENGINEER
PRODUCTS, INC. •  ENGIS EQUIPMENT CO. •  ENGLE BROTHERS, INC. •  ENGLEHARD INDUSTRIES, INC. • ENGLISH ELECTRIC CORP. •  ENTERPRISE MACHINE AND DEVELOPMENT CORP. •  EPPLEY LABOR/
ERIE RESISTOR CORP. •  E S C CORP. •  ETHYLENE CORP. •  EUGENE ENGINEERING CO., INC. •  EUREKA SPRING CO., INC. •  E, L. EWERTSEN AND SONS •  EX-CELL-0 CORP. •  EXPERIMENTAL METAL CO. < 
FACKINER CO. •  FAIRBANKS MORSE AND CO. •  FAIRCHILD CAMERA AND INSTRUMENT CORP. • FAIRCHILD CONTROL CORP. •  FALLS METAL WORKS, LTD. • FALSTROM CO. •  FANSTEEL METALLURC 
FARRAND OPTICAL CO., INC. •  JOSEPH B. FAY •  FEDERAL ELECTRONICS, INC. •  FEDERAL PAPER BOARD CO., INC. • FEDERAL SIGN AND SIGNAL CORP. .  FEDERATED PURCHASER, INC. •  I. FEIGENBAI 
MENTS SUPPLIES •  FENWAL, INC. •  FERDON EQUIPMENT CO. .  FERROTEC, INC. • FILMOHM CORP. • FILTRON CO., INC. • FISCHER CASTING CO., INC. •  FISH SCHURMAN CORP. • FISHER AND 
FISHER SCIENTIFIC CO. •  FLEXICO PRODUCTS, INC. •  FLEXONICS CORP. •  FLINT STEEL CORP. •  FLORIDA GEARS AND SYSTEM • JOHN FLUKE MFG. CO., INC. • FLUORULON LABORATORIES, IN( 
MINERAL CO. •  FORD RADIO AND MICA CORP. •  FOREMOST MFG. CO. •  FOREST CITY SCALES •  C. FORSYTHE CONSTRUCTION CO. •  FRANKLIN FIBRE LAMITEX CORP. •  FRANKLIN AND SONS, INC, ■
FRASSE CO., INC. • FREQUENCY ENGINEERING LABS •  FERDINAND FREUDENSTEIN .  FRIDEN, INC. • F AND R INDUSTRIAL SUPPLY CO. • FRUEHAUF TRAILER CO. •  GEORGE C. FRYE CO. •  FXR,
FYTER CO. •  GALLARO-SCHLESINGER CHEMICAL MFG. CORP. •  GARDE MFG. CO. •  GARDNER DENVER CO. •  GARLOCK, INC. •  T. H. GARNER CO. •  GAR PRECISION PART, INC. •  LOUIS A. GARTEN t 
CAST MFG. CO. •  GEO. W. GATES AND CO., INC. •  GAWLER KNOPP CO. •  GENARCO, INC. •  GENERAL ANILINE AND FILM CORP. • GENERAL CABLE CORP. • GENERAL COMPONENTS, INC. •  GENERAL 
CORP. •  GENERAL ELECTRIC CO. •  GENERAL FIREPROOFING CO. •  GENERAL INDUSTRIAL EQUIPMENT CO. •  GENERAL MAGNAPLATE CORP. •  GENERAL MAGNESIUM FOUNDRIES •  GENERAL MOTORS CORP. 
PRECISION, INC. •  GENERAL RADIO CO. • GENERAL RELAY CORP. •  GENERAL R F FITTINGS, INC. •  GENERAL TIME CORP. •  GEORGE PRODUCTS CO . INC •  GEORGIA MARBLE CO •  GERAGHTY AND MILI
R. GESSNER MACHINE CO. .  G AND H SHEET METAL WORKS •  GIANNINI CONTROLS CORP. .  GLADDING -----------
MCBEAN AND CO. •  GLASCO EQUIPMENT CORP. •  G L ELECTRONICS CO., INC. • GLENCO CORP " GLOBE 
INDUSTRIES, INC. •  GLOBE UNION INC. •  ARTHUR W. GLOSE ENTERPRISES •  GODDARD DISTRIBUTORS 
INC. •  GOMAR MFG. CO., INC. •  B. F. GOODRICH CO. •  GOODWAY PRINTING CO. • GOODYEAR AIRCRAFT CORP 
GOODYEAR RUBBER PRODUCTS CORP. •  W. L. GORE AND ASSOCIATES, INC. •  GOULD NATIONAL BATTERIES 
INC. •  GRACE ELECTRONIC CHEMICALS, INC. •  GRANT PULLEY AND HARDWARE CO. • GRANVILLE PHILLIPS 
CO. •  GRAYBAR ELECTRIC CO. •  GRAYHILL, INC. •  CARLETON GREELY • GREEN ELECTRIC CORP. •  GREI- 
BACH INSTRUMENT CORP. •  GREMAR MFG. CO., INC. • GREWE PLASTICS •  GROVELAND MACHINE CO 
GUDEBROD BROS. SILK CO. .  THE GUDEMAN CO. •  GULTON INDUSTRIES, INC. •  G V CONTROLS INC 
L. R. HALL GENERAL STORE • HAMMARLUND MFG. CO., INC. •  HAMMOND MAP STORE INC • HANDY 
AND HARMAN • HANSEN YORKE CO. OF N. J. •  HARALD MACHINE AND TOOL CO. • HARDWARE SPECIALTY 
CO., INC. •  HARDWICK HINDLE, INC. •  HARRISON LABORATORIES • HARRISON RADIO CORP. .  HARVEY 
HOUSCHILD, INC. •  HARVEY RADIO CO. •  HASTINGS-RAYDIST, INC. •  HAUENSTEIN INSPECTION SERVICE 
DEAN HAWLEY ASSOCIATES » HAXTON GEAR CO., INC. •  THE A. W. HAYDON CO. •  HEBB SPRING CO 
WM. F. HEGARTY, INC. •  LOUIS H. HEIN CO. •  HEINEMAN ELECTRIC CO. •  HEISLER MACHINE AND TOOL I 
CO. •  J. HELLER AND SONS •  HENRICH LUMBER, INC. •  HERBACH AND RADEMAN, INC. •  HERCULES 
FLOORING CO. •  HERCULES MACHINE WORKS •  HERTZ SUPPLY CO. o HEWLETT PACKARD CO .  H AND H 
SWISS SCREW MACHINE PRODUCTS CO. •  HICKOK ELECTRICAL INSTRUMENT CO. •  HIGH VACUUM 
EQUIPMENT CORP. •  HIGH VOLTAGE ENGINEERING CORP. •  THE HILL CHASE CO. •  H. M. HILLMAN BRASS 
AND COPPER, INC. • W. H. HINMAN, INC. •  HITCHINER MANUFACTURING CO. •  HI TEMP WIRES CO 
P. H. HOFFMAN •  HOFMAN LABORATORIES, INC. •  JAMES HOGG •  HOLEX, INC. •  HOMMER TOOL AND I 
MFG. CO. •  HONEYCOMB CO. OF AMERICA •  HORSEFIELD BROS. • HORTON ANGELL CO •  HOTPACK CO 
INC. •  HOWE PRECISION PRODUCTS CO. •  HUBBELL METALS, INC. • HUDSON INDUSTRIES CORP 
HUDSON TOOL AND DIE CO. •  HUDSON WIRE CO. •  HUGHES AIRCRAFT CO. •  HUGHES TREITLER MFG CO 
HUNT ENTERPRISES • HYDROMATICS, INC. •  IDEAL PLATING AND POLISHING CO. • lERC DIV. •  IMPERIAL I 
MACHINE AND TOOL CO. •  INDIANA GENERAL CORP. • INDIUM CORP. OF AMERICA •  INDUSTRIAL]
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AND SOFA MfG. CO., INC. .  KULKA ELECTRIC CORP. .  LABORATORY OPTICAL CO. .  LACO INDUSTRIAL ELECTRONICS CORP .  LAFAYETTE RAD̂ ^̂  ̂ LAMBDA ELECTRoT cS CO .  LAMINAIR INC

fED SHIM CO.. INC. •  J-ANDI^S AND GYR, INC. ♦ LAPP INSULATOR CO., INC. • LARSON INSTRUMENT CO. •  R. W. LARSON MFG CO •  LATROBE STEEL CO .  I AU TERpSTRUrT^ ^ ^  r n  •  I 
TCORP. • LAVOIE LABORATOR ES NO. .  LEACH CORP. .  LECTRONIC RESEARCH LABORATORIES • LEDEX. INC. •  LEEDS AND NORTHROP CO .  LEGION UTENSILS C O ^ ^ fN C ^ ^ ^ im S sTRUCTUR^^
,£HIGH TOOL AND MFG. CO. • UNIVERSITY •  LEIMAN BROS., INC. • LEL. INC. • LEONARD INDUSTRIAL SUPPLY CORP •  LEONARDS PRECISION MFG CO • LEWIS AND KAUFMAN El FCTRONir^

LISERTY LITHOGRAPHING CO.. INC, •  LIBERTY MACHINE CO. •  LINDBERG ENGINEERING CO. .  LING ELECTRONICS, INC .  LINK BELT CO .  LINK PAPER CO I .  Yhf MON^f CORP .
INC. .  L IH LE  FALLS ALLOYS. INC. .  LITTON INDUSTRIES .  LIVINGSTON CIRCLE TOOL CO. .  LLOYD ENGINEERING CO .  LOCKHEED ELECTRON CS CO .  ALBERT LOEfI l ErT nd CO . 1  ^Ri? M?r rn  
SERVICE • LUMATRON ELECTRONI^CS, INC. .  LUX SCIENTIFIC INSTRUMENT CORP. .  J. C. MACELROY CO., INC. .  MACHINE AND MFG. C a i N c ”  .  MACHINECRAFT CÔ ^̂  ̂MAcT a Ne I CO^°” °mS f t n -’ 
CO. • MAGNETICS, INC. .  MAGNODE PRODUCTS, INC. .  MAGNUS TOOL AND DIE CO. • MAINE HELICOPTERS. INC. .  MAINE INSTRUMENT FLIGHT SCHOOL .  MAINE OXY ACETYLENE SUPPLY CO .  P R 
YAND CO., INC, .  MANSON LABS, INC. .  MAPES AND SPROWL STEEL CO, .  MARCONI INSTRUMENTS, LTD. i  MARKEM MACHINE CO .  MARSHALL INSTRUM RODmI n H MARTIN

.  MARYLAND ETCHING CO. .  0, F, MASIN CO. .  MASTER SPECIALTIES CO. .  MATHESON CO.. INC, .  G. A, MATHEWSON CO. .  WARREN MCCARTHY I N r .  J J M S I l N  CO INC^ 
j CO. • MCDANEL REFRACTORY .  MCGRAW EDISON CO. .  MCGRAW HILL BOOK CO. .  ROBERT MCKEOWN CO., INC. .  MCKIERNAN TERRY CORP .  MCLEAN ENGINEERING LABS .  MCMASTER CARR SUPPLY 
Y BROS, MACHINE AND GEAR CO. .  MEASUREMENTS CORP, .  MECHANICAL SERVICE CO, .  MEDO PHOTO SUPPLY CORP. .  MELABS .  ADOLPH MELLER CO .  K
YNOCO..INC. .  MERCURY AIR PARTS, INC. .  MERCURY MACHINE AND TOOL CO. .  MERRIMAC RESEARCH AND DEVELOPMENT, INC. .  METAL CRAFT INC .M E T A L S  INC .M E T A L  TEXTILE CORP .M ^
RS, INC. .  MILO ELECTRONICS CORP. .  MINE SAFETY APPLIANCES CO. .  MINIATURE PRECISION BEARINGS, INC. .  MINNEAPOLIS HONEy W l L REgK t OR CO .  MINNEŜ ^̂ ^̂ ^̂
rubber CO.. INC. .  MODEL ENGINEERING MFG. .  MODERN MOLDERS, INC. .  MODERN SCREW MACHINE CO. .  MONAONOCK MILLS .  MONARCH IRVING ELECTRIC CO .  MONO SILLICON INC .  MOONEY
RSCORP. .  IRVING B. MOORE CORP. .  MORRISON MOTORS, INC. .  MORRISTOWN ELECTRIC SUPPLY CO. .  F. L. MOSELEY CO, .  MOSER JEWEL CO .  DONALD^^ MOSSMAN IN^ .  MOTOR MACĤ ^̂ ^̂
MUELLER BELTING AND SPECIALTY CO.. INC. .  MUHSGNUG MACHINE SHOP .  MUNNING AND MUNNING, INC. .  A. B. MURRAY CO INC .  MYCALEX CORP OF AMERICA . '  METCO INC • METEX ELEC'
SCORP. • METRO ELECTRICAL SUPPLY CO. .  METRO MFG, CO. .  THE MIAMI PATTERN CO. .  MICON ELECTRONICS, INC. .  MICRO BALANCING INC .  MICRO GEE PRODUCTS INC .' MICROLAB .  MICRO
IE WORKS .  MICROMECH MFG, CORP. .  MICRON ELECTRONICS. INC. .  MICROPHASE CORP. .  MICRO POWER, INC .  MICRO SWITCH .  M CROTECH INC .  MICRO TOOL AND ^
m S. INC. .  MICROWAVE CHEMICALS LAB INC. .  MICROWAVE DEVELOPMENT LABS INC. .  MICROWAVE DYNAMICS CORP. .  MICROWAVE ELECTRONicS CORP .  MIDWAY CO .  E L E C T R I C S
JAMES MILLEN MFG. CO. • MILLER CHARLES AND CO, .  MILLER TRAILERS CO. .  NARDA MICROWAVE CORP. .  NASCO DISTRIBUTING CO. .  NATIONAL BERYLLIA CORP .  NATm^^
AL CONNECTOR CORP. 'N A T IO N A L  RESEARCH CORP. .  NATIONAL SEMICONDUCTOR CO. .  NATIONAL ULTRASONIC CORP. .  A. N. NELSON INC. .  G A NELSON INC . K A R L  S e ILER o S r K 
ILS CO. * NEWARK ELECTRONICS CORP. •  NEWARK METAL PRODUCTS, INC. .  NEWARK PARQUET FLOORING CO., INC. .  NEWARK SPINNING AND STAMPING CO. .  NEWARK WIRE CLOTH CO. .  NEWCOMB 
OF ATLANTA, INC. • THE NEW YORK AIRBRAKE CO. .  NEW YORK CLEANERS INDUSTRIES .  NEW YORKER ELECTRONICS CO, .  NEW YORK LABORATORY SUPPLY CO .  NEW YORK TRANSFORMER CO 

ARUBBERCORP. .  NICHOLS ENGINEERING CO . INC. .  NIELSEN HYDRAULIC EQUIPMENT, INC. .  NILSSON ELECTRICAL LABORATORY. INC. .  N J E CORP .  NON LINEAR S Y S T E M ^
L • NORDLING DEAN AND CO .  I NORMANDY ELECTRIC WIRE CO. .  NORTHEAST MFG. CO. .  NORTHEAST SCIENTIFIC CORP. .  NORTHEAST SOIL SERVICES .  NORTHERN ELECTRIC CO. OF CANADA .  NORTH 
lACHINE AND TOOL CO. .  NORTON CO. .  NRC EQUIPMENT CORP. .  THE NYLOK CORP. .  NYLON MOLDING CORP. .  NYTRONICS, INC. .  OAK MFG. CO. .  OGALLALA ELECTRONICS MFG. INC. .  OHMITE 
I. • THE OHMWEVE CO. • THE OLIVER DRAKE CO. .  OLYMPIC PRODUCTS CO. .  ONONDAGA TOOL CORP. .  OPAD ELECTRIC CO. .  OPTICAL GAGING PRODUCTS, INC. .  KURT ORBAN CO., INC. .  ORDNANCE 
ATES, INC. .  C, R. OTT INyRUM ENT CO, .  PAASCHE AIRBRUSH CO. .  PABST ENGINEERING EQUIPMENT CO. •  PACE ENGINEERING CO. •  PACIFIC INDUSTRIES, INC. • PANOUIT CORP. •  PANORAMIC 
JNICS, INC. •  PARABAM. INC, •  PAR METAL PRODUCTS CORP. •  PARTITION SERVICING, INC, •  PATTI TOOL AND MACHINE, INC. • PAWLING RUBBER CORP, • PEERLESS RADIO CORP. • PEK LABS INC. 
NGINEERING AND MFG. CORP. •  PENN PLASTICS CORP. •  PENNWOOD NUMECHRON CO. •  PERKIN ELECTRONICS CORP. •  PERKIN ENGINEERING CORP. • PERKINS AND WILL •  PESCHEL ELECTRONICS INC 
AND KENDALL • PHAOSTRON INSTRUMENT AND ELECTRIC CO. • PHILADELPHIA BRONZE & BRASS CO. • PHILADELPHIA ENAMELING WORKS • GEORGE A. PHILBRICK RESEARCHERS, INC, •  PHILCO CORP 
; ELECTRONICS, INC. •  PHILIPS METALONICS •  P I C DESIGN CORP. •  PICKER X-RAY CORP. •  PICTORIAL PRODUCTIONS, INC. •  PIEDMONT TOOL AND DIE CO. •  PIEZO CRYSTAL CO. •  PIFER INDUSTRIES, 
PILOT METAL FABRICATORS, INC. • PITCO ACADEMY, INC. •  PLASTIC CAPACITORS, INC. • PLASTIC MART •  PLATING PRODUCTS CO. •  PNEUMAFIL CORP. •  POLKS HOBBIES, INC. •  POLORAD ELEC- 

SCORP. • POLYMER CORP. OF PA. •  H. K. PORTER CO . INC, •  PORTLAND WELDING SUPPLY •  POWER DESIGNS, INC. •  POWER EQUIPMENT CO. •  POWER SOURCES, INC. • PRO ELECTRONICS, INC. •  PRE- 
GNCRETE PRODUCTS •  PRECISION CASTINGS CO. •  PRECISION INDUSTRIES, INC. •  PRECISION TUBE CO., INC. •  PRODELIN, INC. •  PRODUCT ENGINEERING LAB CO •  PROGRESS ELECTRONICS CO 
SSIVE SUPPLY CO. • PROVIDENT TYPOGRAPHERS, INC. •  PUIIA HARDWARE AND LUMBER CO., INC. •  PULLMAN MFG. CORP. .  PUNT, INC, •  A. R. PURDY CO., INC. • PYLE NATIONAL CO. •  PYROFILM 
JRCO. • PYROMETER INSTRUMENT CO. •  QUALITY ENGRAVING CO. •  QUALITY INDUSTRIES •  QUAN-TECH LABORATORIES, INC. • QUARTULLO INDUSTRIES CO. •  QUARTZITE PROCESSING, INC, •  RADAR 
CORP, • RADIATION, INC. •  RADIO CORP. OF AMERICA •  RADIO FREQUENCY LABORATORIES, INC. •  RADIO SUPPLY CO.. INC. •  JOHN RAMSAY AND SON • RAWSON ELECTRICAL INSTRUMENT CO 

IMCORP. • RAYMOND ENGINEERING LAB, INC, •  RAYTHEON MFG. CO. •  CHARLES M. REEDER AND CO. •  REEVES INSTRUMENT CORP. • REGULATORS INC •  REID TOOL SUPPLY CO •  J A REINHARDT 
I. .  THE REMBAR CO.. INC. •  RENBRANDT. INC, •  REON RESISTOR CORP. •  REPROSTAT CORP. •  REVERE COPPER AND BRASS. INC. • REYNOLDS METALS CO. •  R F PRODUCTS •  RIBBLE ENGINEERING CO 
OS, PARENTS AND MURRAY, INC. • RIVERSIDE PATTERN WORKS • R. L. C. ELECTRONICS, INC. •  R. M. C. SERVICE AND EQUIPMENT CO. • R AND M PATTERN WORKS •  BUTLER ROBERTS ASSOCIATES, INC. 
iSHAW FULTON CONTROLS CO. •  ROBERTS OFFICE SUPPLY •  I. E. ROBINSON CO. •  ROBINSON MFG. CO. •  ROHDE AND SCHWARZ SALES CO., INC. •  RONSON HYDRAULIC UNITS (N.C.) CORP. •  ROTARY 
SCORP.' ROTRON MFG, CO., INC. •  ROWAN CONTROLLER CO. •  ROYAL H. ECKERT, INC. •  RUBBER AND SILICONE PRODUCTS CO., INC. •  RUMFORO SURPLUS STORE •  RUSTRAK INSTRU.VIENT CO, • RYAN 
0 AND ANDERSON, INC. • JOSEPH T RYERSON AND SON. INC. •  SACO-LOWELL SHOPS •  SAFETY, INC. •  SAGE LABORATORIES, INC. • SALISBURY METAL PRODUCTS CO. •  SAMPLE MARSHALL LABS, INC.
LMACHINERY CO. • SANBORN CO. •  SANDERS ASSOCIATES. INC. •  SANDERS CONSTRUCTION CO. •  SANDLAND TOOL MACHINE CO. •  SANGAMO ELECTRIC CO, •  SANITARY MAINTENANCE CO. .  SANTIN 
BING CO. • E. H. SARGENT AND CO. •  SCANTLIN ELECTRONICS. INC. •  SCHNEIDER INSTRUMENTS, INC. •  SCHNEIDER AND MARQUARD, INC. •  SCHNEIDER TOOL AND MFG. CO. •  SCHNITZER ALLOY 
ITS CO. • SCHULER MACHINE CORP. • CARL W. SCHUTTER MFG. CO. • SCHUTTER MICROWAVE CO. •  SCHWEBER ELECTRONICS •  SCIENCE ASSOCIATES, INC. •  SCIENTIFIC ATLANTA, INC. •  SCIENTIFIC 
APPARATUS CO., INC, • SCOVILL MFG. CO.. INC. •  SEALECTRO CORP. •  SEAMLESS RUBBER CO. •  SEL REX CORP. •  SENSITIVE RESEARCH INSTRUMENTS CORP. •  SENTINEL GLASS CO. •  SENTRY CO,
E BUREAU CORP. • SERVOMETER CORP. •  SERVO SYSTEMS CO. •  S. F. 0. LABS, INC. •  SHALLCROSS MFG. CO. •  SHAW INSULATOR CO. •  SHEFFIELD PRECISION CERAMICS, INC. •  SHEFFIELD TOOL AND 
0. • SHELBY JONES CO., INC. •  SHERWIN WILLIAMS CO, • S AND H CO. • SIEMENS NEW YORK, INC. •  SIERRA ELECTRONIC CORP. • SIGMA INSTRUMENTS, INC. •  SILK CITY CERAMICS AND TOOL MFG., 
SIMMONS FASTENER CORP. •  SIMPLEX WIRE AND CABLE CO. •  THE SIPPICAN CORP. •  SIVERS LABS, SWEDEN • SKYDYNE, INC. •  DAVID SMITH STEEL CO., INC. •  SMITH OXYGEN AND WELDING

ITS, INC. • J. K. SMIT AND SONS, INC. •  SNAP ON TOOLS CORP. •  MILTON SNEDEKER CORP. •  SOCCODATO BUILDERS, INC. •  SOLID STATE PRODUCTS, INC, •  THE SOLON MFG. CO. •  SONIC ENERGY
ITS • SONOTONE CORP. •  SORENSEN AND CO., INC. •  SOROBAN ENGINEERING CO. •  SOSSNER STEEL STAMPS, INC. •  SOUTH CHESTER CORP. •  SOUTHERN PLASTICS CORP. •  SPECIFIC PRODUCTS CO. 
rSPECTORCO. • SPECTROCHEMICAL LABS • SPECTROUB, INC. •  SPECTROL ELECTRONICS CORP. •  SPEER CARBON CO. •  SPENCER KENNEDY LABS, INC. •  SPENCER TURBINE CO. •  SPERRY RAND CORP. 
JE ELECTRIC CO. •  SPRUCE PINE MICA CO. •  SQUARE "D" CO. •  SQUIRE SCHILLING AND SKIFF CO. •  STAHL EQUIPMENT CO. •  STANTON EQUIPMENT •  STAR STAINLESS SCREW CO. •  STATE ELEC- 
3 PARTS CORP. • PAUL C. STECK, INC. •  STEEL AND ALLOY TANK CO. •  STEEL FABRICATING AND ENGINEERING CO. •  J. STEINBERG STUDIOS, INC. •  STERLING ENGINEERING CO. .  STEVENS ARNOLD 
STEVENS INSTITUTE OF TECHNOLOGY •  F. J. STOKES CORP. •  STRAHS ALUMINUM CO., INC. •  STRAND LABS. INC. • STRATOCON CORP. • STRATO TOOL CO. •  STRONG ELECTRIC CORP. .  STRUTHERS 
INC. • STYRO SALES CO. •  SUBURBAN TOOL AND MACHINE CO. •  SUMMIT ELECTRICAL SUPPLY CO. •  SUMMIT ENGINEERS, INC, •  SUMMIT FINISHING CO., INC. •  SUMMIT INDUSTRIES •  SUN DIAL 

• SUN RADIO AND ELECTRONICS CO.. INC. •  SUPERIOR AIR PRODUCTS CO. •  SUPERIOR ELECTRIC CO. •  SUPERIOR MANUFACTURING CO. •  SUPERIOR TUBE CO. •  SURPRENANT MFG. CO. •  SYKES SUPPLY CO.
SYLVANIA ELECTRIC PRODUCTS, INC. •  SYNTHANE CORP. •  TAAG DESIGNS, INC. • TALIT MFG. CO. •  T. A. MFG. CO • TAYLOR ELECTRONICS CO. 
TAYLOR FIBRE CO. • WM. H. TAYLOR AND CO., INC. •  TAYLOR WINFIELD CORP. •  TECHNOLOGY INSTRUMENT CORP. •  TEK BEARING CO., INC. .  TEX SEL  
INC. •  TEKTRONIX, INC. • TELECHROME MFG. CO. •  TELLITECORP. •  TENNEY ENGINEERING, INC. •  TERMINAL HUDSON ELECTRONICS, INC, •  TERRELL 
MACHINE CO •  JOHN H. T E R R Y *  TEXAS INSTRUMENTS, INC. • TEXTRON ELECTRONICS, INC. •  THERMAL AMERICAN FUSED QUARTZ CO. •  THERMIONIC 
PRODUCTS CO. •  THERMO ELECTRIC CO.. INC. •  THOMAS C. THOMPSON CO. •  THOMPSON RAMO WOOLDRIDGE, INC. •  THUROW ELECTRONICS, INC. 
THWING ALBERT INSTRUMENTS CO. •  TOLEDO SCALE CORP. •  TOOL SERVICE ENGINEERING CO. •  TOOLS, INC. •  JOSEPH TORCH • TRANSISTOR SPE­
CIALTIES INC •  TREITEL GRATZ CO., INC. •  TREMCO METAL PRODUCTS. INC. •  TRENT, INC. •  H. 0. TRERICE CO. •  TRIANGLE REPRODUCTIONS, INC. 
TRIANGLE TOOL CO •  TRICON MFG. CO. •  TRINITY EQUIPMENT CORP. •  TRIPLETT ELECTRICAL INSTRUMENTS CO. •  TRIPLEX MACHINE TOOL CORP. 
TRI-POINT INDUSTRIES INC • TRI STATE PLASTIC MOULDING, INC, •  GERALD E. TROUTMAN MACHINE SHOP SERVICE •  TUBE DISTRIBUTORS CO., INC. 
TUBE SALES •  TUBUW R RIVET AND STUD CO. • J. M. TULL METAL AND SUPPLY CO , INC. •  TURBOCRAFT, INC. •  TURCO PRODUCTS, INC. •  TURTLEAND  
HUGHES INC •  ULBRICH STAINLESS STEELS •  ULTEK CORP. •  UNEX WELDING SUPPLY •  UNIFORM TUBES, INC. •  UNION CARBIDE CORP. •  UNION 
SCREW CO • UNITED AIRCRAFT CORP. • UNITED ELECTRONICS CO. • UNITED MICROWAVE CO. •  UNITED SHOE MACHINERY CORP. •  UNITED STATES 
COMPONENTS INC •  UNITED STATES DYNAMICS CORP. •  UNITED TRANSFORMER CORP. •  UNIVERSAL CYCLOPS STEEL CORP. •  UNIVERSAL ELECTRONICS 
CO • UNIVERSAL MFG CO., INC, •  UNIVERSAL MICROWAVE CORP. • UNIVERSAL TOOLS AND MFG. CO. •  U. S. MAGNET AND ALLOY CORP. •  U. S. STONE­
WARE CO •  UTILITY BRASS AND COPPER CORP. •  VACUUM ELECTRONICS CORP. •  VALLEY TOOL AND PRECISION CORP. •  VARIAN ASSOCIATES •  VARI 
L CO INC •  VECTOR ELECTRONIC CO. •  VECTOR MFG. CO. •  VEECO VACUUM CORP. •  VEEDER ROOT, INC. •  VERNITRON CORP. •  VICKERS, INC. •  VIC­
TORY ENGINEERING CORP • VINCO CORP •  ARMAND A. VIOLETTE •  VISIONEERING CO. •  VITA VAR CORP. •  VITRAMON, INC. •  VITRO CORP. OF 
AMERICA •  VOLKERT STAMPING INC. • VOLT TECHNICAL CORP. •  E. W. WACKER CO. •  AUGUST WAELDIN, INC. •  WAGNER FOTO SCREEN PROCESS 
WAH CHANG CORP •  JOHN W WALLACE AND CO. • WALLACE MACHINE TOOL CO. •  B. E. WALLACE PRODUCTS CORP. •  WALLACE AND TIERNAN CO 
WARD LEONARD ELECTRIC CO •  WASHINGTON ALUMINUM CO. * WASHINGTON MACHINE AND TOOL WORKS, INC. •  WASHINGTON SCIENTIFIC INDUSTRIES, 
INC •  WATERSON X-RAY LAB •  WAVELINE, INC. •  WAYNE KERR CORP. • A. V. WEBER CO. *  WEINSCHEL ENGINEERING AND MFG. CORP. * WM. WELSH 
SCIENTIFIC CO. • WESTERN GEAR CORP, •  WESTERN GOLD AND PLATINUM CO. •  WESTINGHOUSE ELECTRIC CORP. •  WEST INSTRUMENT CORP. • WHAL- 
ITEM FG. CO. •  W. E. WHEATON CO. •  WHEELER LABS, INC. •  S. S. WHITE DENTAL MFG. CO. •  WHITEHEAD METALS. INC. •  WHITE METAL ROLLING AND STAMPING 
CO R P.* WHITE MOTOR CO. * EDWIN L. WIEGAND CO. * WILL-NEW YORK, INC. *  WILMAD GLASS CO. •  WILSON PRODUCTS CO. •  WINCHESTER ELECTRONICS 
INC. * WOLFF AND MUNIER, INC. * WOODBURY GLASS CO., INC. * WRIGHT LINE, INC * W. R. & W. ELECTRON CORP. *  YARDNEY ELECTRIC CORP. •  YAREMA 
BROS. TOOL AND DIE CO. *  LOUIS D. YECIES AND SONS *  YELENIK MFG. CO. * ZAGAR, INC. * ZAGORA GEAR PRODUCTS, INC. •  ZENITH ENGINEERING CO.

Telstar—first satellite capable of cross-ocean relay 
of telephone calls, TV  and data messages— is the work 
of many hands.

The Bell System provided technical leadership 
and underwrote the entire cost, which was about $50  
million. The experimental satellite was launched at 
Bell System expense by the National Aeronautics and 
Space Administration.

But before that launching, 1249 different com­
panies—most of them small businesses— participated, 
Wh billings of $100 or more, as subcontractors and 
suppliers on the project. Their contributions ranged

from liquid nitrogen to special resistors, transmitters, 
waveguide components, telemetry and antennas. The 
companies themselves are located north, south, east 
and west. Each was chosen because of its competence 
in its field for the job required. Telstar, then, is a 
glowing tribute to the nation’s private industry, and 
a dramatic example of industry and government co­
operation to advance American technology.

Many shared its creation so that all might share 
its accomplishments.

^  BELL TELEPHONE SYSTEM
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