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Robert L. Land, Jr., Class of '51, 

speaks from experience when he says, 

• • U.S. Steel offers thorough training . 

exposes the graduate engineer to many 

interesting phases of the steel industry 

ROBERT L. LAND, JR., graduated with a 
B .S . in Che mical Engineering in F ebru­

ary 1951. H e had previous ly been inter­

viewed by U .S. Stee l college recr u itment 

representa ti ves a nd had been ofTe red a job. 

H e began working in the Coke Pla nt a t th e 

C a ry . fndi a na Works of U .S . Steel immedi ­

ately a fter gradua tion . 
Afte r extens ive tra ining a nd severa l pro­

motions. Bob was m ade Ge ne ra l H ea te r 

Forema n on N ove mber 1, 1954. This ex­

ceeding ly importa nt job m a kes him re­

spons ible for the proper heating a nd the 

quality of a ll coke produced a t the C a ry 

Works -the second largest coke pl a nt in 

the world-with 16 ba tteri es of coke ovens 

produc ing 15,000 tons d a ily. H e has a crew 

of 60 a nd 8 foremen working under him. 

Bob fee ls tha t U .S . Steel rea lly ge ts the 

young graduate engineer ofT to a good s tart 

with a well-planned and comple te training 

progra m . He says, " U .S. Steel ofTers the 

gradua te eng ineer a n exce ll ent cha nce to 
work in a number of diiTe rent fi e lds." 

This ena bles the gr adua te who has not 

dec ided on hi s e xact fi e ld to look a round 

the big s teel indus try from within and to 

find the ty pe of work th a t s uits him bes t. 

After a m a n is g iven the c ha nce to rea ll y 

find himself a nd has been ad equa te ly 

tra ined , " U .S . Steel oiTc rs security a nd a n 

uoJjmited possibility of adva ncement pro-

virung the engineer shows initia tive and 
the willingness to work." 

If you a rc interested in a cha ll e ng ing 

a nd rewarding career with United Sta tes 

Stee l a nd fee l tha t you can qua lify, you 

can obta in furth er inform a tion from your 

college p lacement direc tor. Or we wil l 

glad ly send you our informa tive bookle t, 

" P a ths of Opportunity." upon request. ,Jus t 

write to United Sta tes Stee l Corporntion, 

P e rsonne l Divis ion , R oom 1622. 525 Wil­

li a m P e nn Place, Pittsburgh 30, P a . 

SEE THE UNITED STATES STEEl HOUR. It's a full -hour TV program 
presented every oth e r week by UnHed Sta tes Stee l. Cons ult your local 
news pa pe r for time a nd s ta tion. ® 
UNITED STATES STEEL 
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MASS RAPID TRANSIT 
FOR LOS ANGELES 

Rapid Transit is defined as mass transportation usually by 
rail at high speed with short intervals between trains . Mass 
Transit is the movement o f much larger numbers of people in 
a given time than by any other means of transportation . As an 
example, in New York one single track of transit line can carry 
from 40,000 to 50,000 passengers per hour. This is mass rapid 
transit. Los Angeles does not have mass rapid transit. 

Since 1955 is a leg islative year and a number of bills con­
cern ing mass rapid transit for Los Angeles await action by the 
California State Legislature, the following articles have been 
p repared to acquaint you, as a citizen of Los Angeles, with the 
local transportation situation. Included are a historical sum­
mary of transit facilities and planning, a discussion of the 
unique problems faced by transportation engineers engaged 
in studying Los Angeles transit, and a technical evaluation of 
the most recent advances in suspended railways. 

The studies are intended to be objective and scholarly, de­
spite the fact that the transit question in Los Angeles is one of 
the biggest political footballs in city history. THE EDITORS 

BACK G R 0 U N D : T H I R TY YEARS 0 F DEC L I N E 
Jacob Voogd , Editor-in -Chief 

CITY planners and transportation 
engineers are trying to restore two 

adjectives. "Los Angeles has a superior 
mass-rapid transit system," was a true 
and oft-heard statement 30 years ago. 
Strike the words "superior" and "rapid" 
from the statement and you have the 
situation today. 

fie tangles each year. They hope to see 
in 1955 the start of a comprehensive 
program that will produce a form of 
mass-rapid transit providing the same 
fine service which the Pacific Electric 
system did in the twen ties. 

Francisco, inherited his uncle's vast 
holdings. City transport had interested 
H enry and when he moved to Los An­
geles in 1900 he decided to draw heav­
ily on his stree t-car experience. H e had 
a nose for business and he could smell 
a boom coming to this little town. 

Surface-bound busses and street cars 
carry the load. The term "mass trans­
port" sufficiently cha racterizes their 
scrv1ce. 

The people of Los Angeles want to 
see the two missing words restored. 
They have seen previous proposals die 
from political apathy and self-interest. 
They arc getting caught in larger traf-

M arch 19 55 

H un tington's Excellent System 

During the last half of the 19th cen­
tury, one of the four most powerful men 
in California was Collis P. Huntington. 
To help manage his various interests he 
had sent East for his nephew, H enry E. 
Huntington. When Collis died, H enry, 
who was managing the Sou thern Pa­
cific-owned street car system in San 

H enry's first step was to supplement 
the Los Angeles real estate inherited 
from his uncle. H e invested heavily in 
land in the ou tlying districts, the 
beaches, foothills, and valleys. His next 
step was to plan a network of fast inter­
urban car lines which would develop 
these country pastures into residential 
areas. 

When the tracks for this system were 
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History of transit action and thought-the 
excellent Pacific Electric System built by 
Huntington-its disintegration-the auto­
motive age influencing Los Angeles trans­
portation--early transit studies-the feasi­
bility report-what's in store. 

laid it was found that they passed 
through miles of Huntington -owned 
land. During the boom that ca m e, 
Henry's land profit were large; he 
p lowed the money back into other Los 
Angeles enterprises. An ancien t joke 
told of the child who left the Hunting­
ton Hotel, traveled down Huntington 
Boulevard in a Huntington street car, 
and arrived at Huntington Beach where­
upon he asked if the ocean might also 
be Mr. Huntington's. 

H enry's Pacific Electric system of 
electrically-operated street ca rs and 
trains was universally considered the 
finest mass-rapid tran it system of its 
day. Transportation experts from all 
over the world came to Los Angeles to 
~tudy its operation and routes. Subur­
ban communities grew and prospered 
along the lines of the electric car. In 
fact, Huntington's Pacific Electric ac­
tually dictated the location of many 
suburbs and was in no small sense re­
sponsible for the spread-out character 
of contemporary Los Angeles County. 
Now this low population density poses 

a large problem for transportation ex­
perts. 

T lr Automotive Age 

The Pacifi c Electric was a surface 
system. one of its tracks were elevated, 
as in Chicago, none were subway as in 
New York. When it was forced to share 
the surface it started to suffer. 

In 1911, the Huntington system was 
sold to the Southern Pacific Railroad , 
which was consolidati ng all of the 80 
or so inter-urban and local transit op­
era tion in Southern Cali fornia. The 
name Pacific Electric was retained and 
it continued to provide the area with 
fast, dependable, and safe rail service, 
a lthough freight cars began appearing 
on the tracks in larger numbers. 

In the mid-twenties the P. E. started 
meeting tough , unbeatable competition 
-the automobile . In 1920, which m"''! 

be taken as the beginning of the com­
mon use of automobiles, the population 
of L os Angeles County was less than 
one million ; ten years later it had more 
than doubled. This tremendous popu-

lation growth coupled with the au to­
motive thinking that took hold with the 
p ublic strained existing road and streets. 
A boulevard system was built which 
satisfied the pressure of auto traffic but 
began the deterioration of the P . E. 
se rvice. Not only were motorists being 
made out of former street car riders but 
bouleva1·ds were intersecting train 
tracks in numerous places, slowing 
down the electric cars. ' 

As the P. E. service started its slow 
and agonizing death, the era of the 
automobile was born and grew vi rtually 
unchecked to its present proportions. 
Little attention was paid to the move­
ment of masses of people; mass vehicle 
movement was primary. 

We are still in the automotive age. 
The emphasis is on creating the space 
necessary for driving and parking cars. 
This thinking is exemplified by the ex­
tensive freeway program which will not 
be completed until about 1980. 

Even the most ardent advocates of 
automobile transporation ques tion the 
ability of freeways to handle all of the 
ctty's transportation requirement. Auto­
mobiles on freeways are not mass tran­
sit as a recent survey disclosed when it 
pointed out tha t each car on the free­
way averaged 1.47 passengers. Neither 
are they rapid transit du ring peak hours 
of the day. Yet the automobile on a 
freeway continues to be the competition 
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1925 
Kelker- Deleuw Report 

The report, prepared by Ke ller, DeLeuw and Company (con sult ing 

engineers) , contains a comprehe nsive rapid transit plan for a un ified 

transportation system to meet the n eeds when Los Angeles ' popula­
t ion reached three million . 

In general , the recommendations were : 

1. Construction of a ra il rap id t ransit system , employing both 

elevated and subway design, to be the backbone of a metropolitan 

transportation system . Essentially, four main lines were proposed for 

immediate construction on a rad ial basis from the center of the city. 

2 . A feeder system and cross-town service was to be provided 
by immediate construction of streetcar line e xtensions and installa ­
tion of new bus li nes. 

3 . Future con struction d ealt w ith expansion of the bas ic plan 

subject to modification lor changing condit ions. 

Recommendations were based upon th e conclusion that streetca r 

and bus service could not adequately serve th e city ' s needs, and that 
rail rapid transit is required in all cities when they become really large. 

The cost was estimated to be approximately $175 ,000,000 in cl ud­

ing ca rs, inte rest, and value of exist ing prope rt ies utili zed-for th e 
period 1925- 1935. Following th is, additional structures w e re to be 

bu ilt. The financing was to be provided by general bonds of th e 

City of Los Angeles , special assessment di stricts and operating re venues. 
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1933 
Baker Report 

A major report on rapid transit was prepared by Donald M. Baker, 

consulting eng ineer of Los Angeles. The report recommended a rail 

rapid transit system as the only solution to the mass transportation 

problem. The system involved a combination of elevated, subway and 

private right-of- way construction . 

The propose d system was not a s extens ive as the program recom ­

mended in 1925, but comprised lour li nes rad iating outward from 

central Los Ange les in lour direct ions to connect the main population 

areas w ith the Central Business District. The system proposed was so 

located that it could. in the future , be extended by grade separations 
and extens ions of subway and/or elevated structures to meet develop­

ment and populat ion growth . 

The to tal cost of the system was estimated a t $37,200,000. 

Suggested financing involved a th irty million dollar bond issue with 
th e balance of the money to be d erived th rough th e National In­

du strial Recovery Act the n in e ffect. The act authorized a maximum 

30 "/. governm e nt grant on compre he ns ive public works programs. 

In th is case, th e grant would have amounted to $10,700,000, and of 

the total , $7,200,000 was lor construction and the balance of $3 ,500,-
000 was lor payme nt of d e bt service du ri ng th e early years of opera­

tion . 
The re port containe d con sid erable analysis of economic factors . 

No fi e ld studies were made specifically for th is report. Information con­

tained in previous studies and data supplied by th e transit com­
panies were used . A considerable amount of the pre liminary work 

was done by the Pacific Electric Company. 

SC Eng i nee r 



any proposed mass rapid transit system 
will have to beat to succeed. 

The Bus as Mass Transit 

HUNTINGTON'S PACIFIC ELECTRIC NETWORK 

SANTA 1'1tWIC. 

V.EN/C£ 

The au tomobile brought wi th it a 
counterpart - the bus. The bus is a 
means of local mass transporta tion, but 
is often not rapid transportation. The 
bus is a lso a surface device. Speed is 
governed by the automobile traffic with 
which it shares the roadways. Since 
1938, when the declining P . E. system 
began converting many of its rai l faci li­
t ies to bus se rvice, the bu has become 
the principa l mass carrier. T he war 
years saw bus transport prosper. Since 
the war, bus patronization has d ropped 
while au tomobile use has gained the 
upper hand. 

E J. S EGUNDO 

SANT,f 
AlVA 

Two principal bus operators serve the 
Los Angeles area at present. One is 
Los Angeles Transit Lines which is 58% 
owned by National City Lines of Chi­
cago, a transit organization which owns 
bus faci li ties in more than 50 cities. 
L. A. Transi t is an outstanding example 
of good management. D espite deo·eas­
ing passenger totals each year it has 
maintained service and managed to op­
erate a t a profit . 

Th e extensive network planned by H unting­
ton provided excellen t urban contact with the 
city. Presently fr eight is hauled on some of 
these lines other rights-of-way are unused. 

T he other carrier is M etropolitan 
Coach . It was formed in 1952 to absorb 
and operate the bus and street car fa­
cil ities of the P . E. system. Since incep­
tion this compa ny has had a margina l 

ex istence, a lthough recentl y it managed 
to show a small profit. 

busses can answer the mass transit prob­
lem. To make of the bus a rapid mas 
transit medium several proposals have 
been presented. Among them are bus­
on-freeway systems, bus subways in con­
ges ted downtown areas, and elevated 

These two carried over 300 million 
passengers las t year, showing that mass 
transport demand is far from negligible. 

The bus companies maintain that 
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1939 
W. P. A. Report 

A W. P. A. survey was made during the years 1938 and 1939. The 
project was sponsored by the City . Supervising personnel , consultants 
and equipment w e re financed by the Citizens Transportation Survey 
Committee . 

The report presents summaries of fi eld, office and derived data relat­
ing to transportation in Los Angeles metropolitan area . It is a compi­

lation of data on a factual survey conc erned with riding habits , 

passe ng e r move ments, origin and destinat ion stud ies , distr ibution of 
automobile ownership and like information. 
Sele cted Findings : 

1. 85% of Public Transport patrons walk to point of boarding. 
80 % of patror>• live within 2 blocks of line s. 

2 . Bulk of patronage results from regular daily trips. 
3 . Approximately 33 % of inbound patronage of local rail lines 

l. A. Railway and P. E. Railway was handle d b etwe en 7 and 
9 A.M. More than 40 % of P. E. inte rurban and Motor Transit 
Coach passe ng ers trave le d during that p e riod . 

4 . 48 % of L. A. Railway patrons transfe r in order to get to their 
de st inations on any single lin e . 33 °/0 of coach patrons rid e 
directly to d estination on one line. P. E. local rail line s show 
71 % of all rid e rs a s dire ct. 50 % of l. A. Motor Coach Co. 
ride dire ct. 

5 . L. A. Railway and l. A. Motor Coach show 1 3 to 14 % trans­
ferring a second time and 1 % a third tim e . 

6 . 20 % of e mployees of industrial establishme nts checked used 
public transportation, 71 .7 % us ed private cars , 7 % walked, 
and 1.3% used other means or did not state . 

7 . Automob' le ownership proportionate to population in various 
sections studied , regardless of economic status. 

March 1955 

1945 
Deleuw - Cather Report 

In 1945, another attempt was made to formulate an acceptable 
transit program lor the Los Angeles Area. Three consultants , DeLe uw· 
Cathe r and Company, Harold Lewis, and Joe R. Ong were employe d 
by the City to review past reports and make recommendations regard­
ing both trans it and highway traffic. Their report was divided into 
lour parts. The first was a stateme nt of the proble m. The second, b} 
De Leuw-Cather, was entitled " Rapid Transit Development." The third , 
by Harold Le wis , re lated to the freeway program. The fourth , by 
Joe Ong , was entitled , ulocal Surface Transportation ." 

Th e De Leuw- Cather chapter re comm e nded rail rapid transit on 
th e following parkways: San ta Mon ica , Hollywood, Olympic, Ingle­
wood , and Harbor. Ra il rapid trans it was recommended lor those free ­
ways on wh ich it was anticipated that unacce ptable congestion would 
res ult from busse s and automobil e s, if busse s w e re used e xclusively 
lor rapid trans it. It also recomm e nd ed rail rapid trans it on the Long 
Beach -San Pe dro , Pasade na , Glendora , and Covina lines of th e Pacific 
El e ctric . In add ition , it made recomm e ndations for bus rapid transit on 
freeways and subways on Broadway. 

Although th e Lew is re port d ealt la rg e ly with freeways , it also con­
sidere d th e te rminal problem . He recommended that te rminal' plann ing 
should be conside red as an e sse ntial part of th e freeway program. 
Thi s should include, (1) off-street bus terminals, (2) coord inated system 
of off-street automobile parking facilities , (3) off-stree t parking lor 
te nant s and cu stom e rs of build ings , and (4) adequate off-street load­
ing and unloading space lor trucks. 

The Ong report recomm e nded a Ce ntral Business District subway lor 
street cars and trolley coaches . 

Diverge nt op inions were expressed on th e type of service needed. 
One consultant retommended primarily rail rapid transit, another a 
bus system. 
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bus ramps as items for study. Bus com­
pany proposals and arguments appear 
to be ba ed on the premise that m etro­
politan growth and expansion is level­
ing off. What will happen if metropoli­
ta n growth continues at its present pace 
has not been answered by bus ad,·o­
ca tes. 

Logica lly enough the bu companies 
are seriously concerned when a pro­
posal for a transit network, not pri ­
, ·ately owned, is presented to the city 
or ta te. Competition would be crea ted 
tha t could not be met. Bu companies 
ha,·e spent millions of dolla r improv­
ing their service. They may well have 
averted or postponed a transportation 
crisis. These privately-own ed companies 
ff'el that their inves tments deserve sin­
cere consideration if a public or quasi­
public transit system is to be bui lt. 

Past Transit Thought and Effort 

Ever since the advent of the automo­
bile, transportation experts have ex­
pressed concern abou t the decline of 
mass r apid transit service. Considerable 
time money, and report-writing has 
been devoted by various priva te and 
public bodies to studying and recom­
mending the need for an integra ted sys­
tem. For many year this rela tively 
undirected and unnoticed thought con­
tinu ed while bouleva rd a nd fr eeway 

builders barely kept ahead of traffic 
strangula tion . 

Before the end of World W ar II orne 
forty reports were prepa red. Only four 
can be classified as major reports. These 
four are commonly known as the Kel­
ker-D eLeuw R eport of 1925, the Baker 
R eport of 1933, the WPA Survey of 
1939, and the DcLeuw-Cathcr R eport 
of 1945. They can be ca lled major in 
tha t their conclusions were ba ed on 
some degree of transporta tion resea rch , 
including origin - de tination tudies. 
Their recommenda tions were not di s­
simila r (see below) . All, except the 
WPA survey, whi ch made no r ecom­
menda tions, suggested a rapid ra il sys­
tem with off surface portions in down­
town. None of these reports received the 
erious considera tion they merited . 

The most comprehensive proposal, 
prepared by the Rapid Transit Action 
Group, was published in 1948. In 1947 
this R TAG had been formed under au­
spices of the Los Angeles Chamber of 
Commerce. M embers of the group were 
recognized transportation and economic 
experts. The report wa published in a 
promotiona l booklet form. I t recom­
mended ce rtain forms of rail rapid tran­
sit ( ee below ) and was introduced in 
commi t tee at th e L egisla ture . Th e 
RTAG report also fell by the political 
wayside, never being- tra nsla ted into re­
quired legisla tion. Controversy has been 

hot and heavy about this report. 

The U niversity Presiden t's R eport 

After the wa r, when the traffic prob­
lem became more acute and ex isting 
rail a nd bus facilities began to prove 
unsa ti sfactory, another flock of reports 
la nd d on the desks of the Board of Su­
pervisor of Los Angeles. M any of these 
were controversial, incomplete, and a t 
times unsound. In 1949 the harassed 
Supervi ors called upon the pre idents 
of the major universiti es of Cali fornia 
to help provide a sensible approach to 
the growing problem. T he University 
Presidents' Committee was formed, com­
posed of the heads of Caltech, USC, 
UCLA, Stanford, and UC at Berkeley. 
These men were to be assisted by the 
technical per onnel of their schools. D r. 
Lee DuBridge, head of Caltech, was 
appointed chairman. 

The report of the University P resi­
dents' Committee was submi tted to 
1950. I t recommended that a thorough 
study be made of the larger aspects of 
transportation as tied up to the life of 
the city. All types of mass rapid transit 
economica ll y feasible must be studied. 
It prescribed the steps to be under­
ta ken. T wo enginee ring firms compe­
tent to hand le t ranspo rta tion studies of 
such a scope were named. This commit­
tee, being by its composition above 
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1948 
Rapid Transit Adion Group Report 

A rail rapid transit plan was developed by a group of Los Angeles 
engineers, thoroughly familiar w ith local conditions . The RTAG was 
comprised of financial advisors; city and county private transportation 
engineers; construction engineers; state, country and private planners 
and researchers, and specialists in the fleld of transportation . 

Rail operation was recommended on the following parkways : 
Santa Monica, Olympic (might be bus) , Inglewood, Harbor, Ramona , 
East By-Pass, and portions of Hollywood. The following routes would 
operate in private rights of way : to Long Beach and San Pedro, to 
Bellflower, to Pasadena and Monrovia and to Burbank and Glendale . 
For the Central Business District, recommendations were a rail line 
from Sixth and Main to the East By-Pass, expansion of the Hill Street 
Subway Station, a Broadway subway, and pedestrian subways con· 
necting the Broadway subway with Hill and Spring Streets at each 
station. 

Estimated total cost excluding rolling stock was estimated to be 
$309,685,000. Gross annual passenger revenue of $59,150,000 was 
estimated. Financing through District bonds was recommended, with 
bond issues to be approved by the people. 

The Metropolitan Traffic and •Transit Committee of the Los Angeles 
Chamber of Commerce adopted the plan and drafted enabling State 
legislation--which was introduced in the Legislature but did not get 
out of Committee-for the formation of a transit district. The transit 
plan, according to the Committee, was intended only to be representa­
tive of the plans which might be possible and to demonstrate eco­
nomic feasibility of a rail rapid transit network. It was not intended 
to be presented as the plan with which a transit district would proceed; 
however, It was largely so interpreted. 
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1950 
University President's Report 

This report establishes the fact that a new comprehensive study 
of transportation throughout the Los Angeles County Metropolitan 

Area is imperative. 

There have been no extensive traffic or transit fleld studies since 
1938; post-war population growth , industry expansion, malor busi­
ness and population shifts within the area, and decentralization leave 
no adequate basis from which sound conclusions can now be drawn. 

Of 45 or 50 studies made during the past 2 5 years, only flve 
could be called extensive, and that there now exists a divergence of 
opinion regarding trransportation of such magnitude as to paralyze 
action, at least pending more convincing data. 

Scope of the new study, in addition to establishing data now 
lacking, should include the investigation of (1) the county's pattern 
of g rowth ; (2) the relationship of a coordinated rapid transit system 
to healthy economic development; (3) economic and engineering 
features of all possible rapid transit systems-busses on freeways, 
subways, ra il on freeways , rail on private property, monorail or 
other ; (4) where rapid trans it is needed; (5) how the flnal plan should 
be financed and (6) how the system should be owned and operated. 

Recommended are broad outlines of the required organization, 
the sequence in which the various phases of the inquiry should go 
forward and, after a nation-wide search, the flrms to carry out the study. 

SC Engineer 



charges of partiality and self-interest, 

felt that a comprehensive economic and 

engineering approach would provide 

the routes and type of system necessa ry. 

The report died from political and 
public inertia . Money for the stud y was 
not appropriated . 

Formation of an Authority 

Another opportunity to es tablish the 
machinery for a logical approach to the 

problem came in 1951 when the State 

Legisla ture created the Los Angeles 

M etropolitan Transit Authority. Un­

fortun a tely the birth of this Authority 

was so complica ted by political wran­

gling that its scope a nd a uthority were 
limited to the point where a complete 

engineerina, economic a nd financial ap­

proach appeared virtually impossible. 
That year a bill was presented to the 

Legisla ture calling fo r the es tablishment 

of an Authority. The t ransport situa­

tion in Los Angeles was described as se­

rious-so snious in fa ct that the prob­

lem should be a ttacked in a vigo rous 

and expeditious ma nner immediately. 
An Authority, with member to be ap­

pointed by the governor, should be 

formed. This agency would have power 

to investigate the traffic situation, de­

cide on the type of system ( s) best suited, 
construct it, a nd ultima tely opera te it. 

Construction would be financed by 

floa ti ng a revenue bond issue, which is 

not a tax on priva te property. The Au­

thority would, by obligation to the bond 

holders, be responsible for p rofitable 

and effici ent opera tion. As within the 

recognized concept of an Authority, 

this agency would be tax-exempt and 

f rce from ra te-fixing by the Sta te Pub­
lic Utiliti es Commission. 

During discussion of the bill, advo­

cates emphasized the necessity. Traffic 

strangula tion was already inhibiting the 

growth of metropolitan Los Angeles. 

They pointed to the Sa n Francisco Bay 

Bridge Authority. The Bay area needed 

a bridge in 1934, an Authority was ap­

pointed, a nd the b ridge was built. The 

concept of an Authority was not new 
to California . 

Opposition centered on the word "op­
era te." It was held that this bill was 

equivalen t to granting carte blanc he to 

such an Authority. Any type of system 

could be imposed arbitrari ly before the 
p reliminary research both on the 

unique transit situa tion in Los Angeles 
and on the engineering aspec ts of the 

conveyance itself had been adequately 
conducted. Opponents were wary of 

having an untested monora il system 
forced on the city. 

One component of the opposition re­
vived the University Presidents' R eport. 
This group insisted the bill was too 

heavily pointed toward hurried con-

struction and operation. H ere was the 

chance to create an agency that should 

be limited to initia l powers of study 

only. The broad investigation suggested 

by the University Presidents should be 

the only work of the Authority. Ena­

bling legisla tion for construction and 

operation could be reques ted later. 

Proponents answered that these peo­

ple were not defining an Authority, they 

were talking about a survey agency. By 

the time such an extensive survey was 

completed . Los Angeles would be one 
la rge traffic tangle. 

The arguments of the two privately­

owned transit companies were obvious. 

If tnis Authority were to build and op­
era te a mass t ransit system, would it not 

be in direct competition with private 
enterpri se? Should it not, therefore. be 

eli e- ible for ra te fi xing by the Sta te Pub­
li c Uti liti es Commiss ion and be subject 
to governmenta l taxation just as the 
private transit companies are? Propo­
nents answered that no Authority pres­

ently ex isting in the state, including 
wa ter dis tricts and other public service 
agencies, was subject to these severe 

res tri ctions. 
A ham-strung type of Authority re­

sulted from tha t session in 1951. The 
bus companies had won their point. I t 
was subject to ra te fixing and taxation. 

Even more damaging was the restric­

tion on scope of opera tion. The Author-
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1954 
Coverdale - Colpitts Report 

Summary of Conclusions : 
1. The characteristics of Los Angeles are different from thos e 

of any othe r city in the combination of its extent of area , th e low 

density of its popu lation, the high degree of automob ile owne rship 

and the lack of any system of surface -free mass rapid transit. 

2 . The monorai l rap id transit route as proposed in th is report and 

located with in the area describe d in th e act creating th e Authority 

would, if adopted, be a prope r beginning of mass rapid transit through 

the County. 
3 . Monora il as an interurban railroad , rath er than an urban dis­

tr ibution facility , can be integrate d appropriately with any futur e 

plan of rapid trans it that may be adopte d lor th e me tropolitan area. 

4 . Econom ic and engineering f eatures of a modern elevated rap id 

transit system should b e give n comparative study. 

5 . Action should be unde rtaken at th is time by appropriate age ncies 

e xempting th e Lo s Angeles Me tropolitan Transit Authority from control 

by the Stale Public Util it ies Commiss ion and exempting the prope rly 

as well as the bonds of the Autho ri ty from laxation to conform with 

the establ is he d po li cy o f th e State in orde r to accompl ish publ ic accept­

ability of th e reve nu e bonds proposed to b e issued lor the financing 

of th e tran sit syste m unde r study. 
6 . Appropriation s should be made by th e app ropriate agencies of 

the Stale or County lor the furth e r steps in e ng inee ring , financing and 

adm inisttrat ion wh ;ch ne cessa rily mu st suppleme nt the accompanying 

Feasib ility Re po rt. 
7 . Prov id ed appropriate legislative action is take n and furth e r 

re ports are completed a s requ ired , th e developm ent of a mass rap id 

transit system by monora il for Los Ang e le s a s here in described appears 

to be feasibl e. 

M a r ch 1955 

1955 
Town Hall Report 

This report , the most recent one , has been submitted by members 

of the reg ional planning and development section of Town Hall , an 

organization of civic leaders mee ting weekly in t!>e Biltmore to con­

side r community problems and pub li c affa irs. 

A ye ar-long study gave these conclus ions : 

1. A compre hensive study of traffic and transit problems must 

be und e rtake n in 1955 under the direction of an agency appointed 

for this purpose . Th e agency would choose the mass rapid transit 

method most suitable for the area. 

2 . The State Legislature should be asked to enact the enabling 

legislation lor such an agency , provided with in itial funds, and require 

that its survey be completed in 1957. 

3 . A timetable mu st be e stablished , w ith the initial program­

ming and financing to be completed by 1959. 

4 . Compl etion of th e basic stages of a mass rapid transit system 

should be comple ted in three to fiv e years alter 1959. 

5 . The proposed age ncy , ass iste d by citizens ' committee, must 

slay act ively on the job until th e agree d- upon program , backed by 

every governmental un it in the metropol itan area , is planned, financed 

and put into ope ration . 
In a preface to the re port , Chai rman Samuel E. Lon Lunden wrote : 

" Traffic and transit is th e most important proble m of the Los Angeles 

m etropolitan are a . The longe r a solut ion is delayed the more th e 

d eve lopm e nt of th e a rea w ill be hand icapped . Wh ile th e field is 

crowded with suggest ions as to th e most effective .me thod of moving 

la rg e masses of p eople in th e e no rmous spread of the melrop~lil~n 

are a , action thu s far has been paralyzed by a lack of unammtly 

regarding the variou s methods." 
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ity was to limit its interest to an eight­
mile strip between Panorama in the San 
Fernando Valley and Long Beach, pass­
ing through downtown. Furthermore, 
the system would be monorai l, nothing 
else. :Members of t~e b,~ ,- --J \\Tre :~p­
pointed by the governor. R alph Mer­
ritt, a prominent Californian, former 

Statement for S.C. Engineer 
J. L. HAUGH, 

President of Metropolitan 
Coach Lines 

Express motor coach service mov­
ing over the vast Freeway system 
is in my opinion the best approach 
to the solution of our complex prob­
lems of rapid mass transportation 
in los Angeles Metropol itan area. 
Modern buses are capable of carry­
ing as many people as a lane of 
automobiles a mile long. They will 
take up comparatively little space 
on a freeway-yet operate over 
the route in half the time it would 
take on ordinary streets . I believe 
an attractive transit service such as 
this, using motor coaches equipped 
with all the latest com fort and 
safety features , will encourage 
more people to use transit . In so 
doing , this will decrease the traffic 
load on the freeways as well as 
relieve the costly parking and traf­
fic congestion in business areas . 

The present and proposed opera­
tion of Metropolitan Coach Lines ' 
buses on the freeways has a d istinct 
advantage over any fixed type of 
rail line. Because of its flexibility, 
the motor coach can operate through 
residential and industrial areas, 
p ick up passengers close to their 
homes and places of employment, 
then operate like an automobile 
after entering the Freeway. After 
leaving the Freeway, the bus can 
then distribute passengers close to 
their destinations. 

The attractiveness of motor coach 
operation lies in its greater flex­
ibility. New lines can be created and 
older lines re-routed , extended or 
re-adjusted to bring transporation 
to areas of rapid industrial and 
population growth. In downtown 
areas, motor coaches load at the 
curb thus providing greater con­
venience and safety for passengers 
who do not have to use a center-of­
the-street loading zone . Traffic con­
gestion is also relieved since elimi­
nation of the loading zones opens 
up an additional lane of traffic for 
private automobiles moving in 
each direction . 
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comptroller of the University of Cali­
fornia was appointed general manager. 

Public argument about this M etro­
politan Transit Authority continued 
hotly for the first few year of its life . 

The Feasibili ty R eport 

The new Authority requested and ob­
tained $100.000 from the County Board 
of Supervisors to undertake a rc tricted 
study of the feasibility of a monorail 
line fro m Panorama to Long Beach. 
The engineering firm of CoYcrdalc and 
Colpitts of r ew York, one of the two 
r commended by the Un i\Trsity Presi­
dents. was engaged to prepare this re­
port. 

CO\Trda lc and Colpitts arc "banker's 
engineer ." Because of an establi shed 
reputation for sound economic and en­
gineering research. any conclusions 
their engineers make on a project arc 
carefu ll y noted by financiers. Bankers 
and financ iers will not buy rC\Tnuc 
bonds for a project if the conclusions 
arc not a ltogether fa\·orablc. Thus. the 
fate of the monorail line hinged on the 
result of the feasibility study. 

The Feasibility R eport was presented 
to the Supcn·i or in January of last 
year. It raised quite a few eyebrows. 
For the limited amount appropriated. 
Coverdale and Colpitts. with the help 
of t\,·o other engineering firm . had 
done a master[ ul bit of research. The 
R eport concluded that "provided ap­
propriate legislative action is taken and 
f u rthcr reports arc completed as re­
quired the development of a mass rapid 
transit sy tem bv monorail for Los An­
ge les as herein described appears to be 
feasible." The legislative action referred 
to is the exemption of the line from 
taxation and rate-fixing. If this were 
not done. Coverdale and Colpitts felt. 
publi c acceptabi lity of the rcvenu 
bonds for financing the transit system 
studied could not be obtained. 

Other portions of the R eport not as 
highl y pub licized kept the monorai l line 
from getting a clean bi ll of h ealth. The 
fourth conclusion stated , "Economi c 
and engineering features of a modern 
elevated rapid transit system should be 
given comparative stud y." M a ny con­
servative civic groups made note o f thi'-. 
pointing out that nothing had been 
proven to show that monorail was the 
most feasible. Other opposition gro ur -; 
concentrated on attacking the report 
proper. whi ch was vulnerable since the 

appropr"at ion for it h ,., d b::e:1 so limit!'d. 
V alidi ty of the research procedures 
used to compi le the origin-destination 
portion of the report was challenged. 
The engineering soundness of the split­
rail type of monorail proposed was 
questioned. The publi cation of the re­
port started a new phase of thinking on 
mass ra pid transit. thi s time a bit more 
logical. R ecently Town H a ll , a body of 
civic leaders. restated the case for a 
broad and comprehensive stud y of tran­
sit in the whole area ( ee below ) . 

What has resu lted from the hectic 
argument since 1951 ? Some say only 
wasted time and money. The chances 
for the Authority's monorai l line ap­
pear rather slim . Besides the legislati\·e 
act ion required, opposition to this line 
has become formidable . 

One va luablr thing h as been pro­
duced. Clear and conscienciou think­
ing has been directed to the problem. 
The battle is not as embittered as it was 
four years ago. Many believe this think­
ing is reawakening interest in the broad 
recommendations of the university 
jJresiden t<. 

What W ill the Legislature Do? 

There are a number of confli cting 
bills before thi year's session of the 
Legislature. A reasonable program will 
ha\T to be shaped from them. 

It is apparent that the Authority has 
. trcngthened it po ition considerably 
ince its establishment. Public interest 

has been generated in the Dossibility of 
monorail. The increasing inability of 
busses to supply adeq uate transport has 
benefitted the Authority . Neither has 
it hurt thi age ncy to see more and more 
action groups and transportation ex­
perts concede that private capital can 
no longer be attracted to the transit 
field because of the high initial invest­
ment a nd long pay-out time. 

The Authority is probably in a good 
position to request the Legislature to 
g rant the bmacl investigative powers 
asked for in 195 1 while playing down 
the constructing a nd operating clauses . 
M ost experts agree that to di sband the 
Authority wou ld be a step backward . 
R ecent public statements by R alph 
M erri tt (which h ave not attracted 
much attention from the press ) may 
. heel somr li ght on the future orienta­
tion of the Authority. H e stated that 
the Authority wou ld definitely be inter­
ested in inves tiga ting the feasibility of 
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an integrated transit network th rough­
out the a rea and that it was in no way 
proposing the monorail idea as the sole 
means of cheap, safe, a nd effi cient tran­
sit. Other interes ting points he has 
made include a . tatcmcnt tha t priva te 
transit companies should be compen­
sated for opera ting losses suffered and 
tha t the old P. E. rights-of-way demand 
immedia te stud y before they a rc los t. 

As the 1955 Sac ra mento sessions d raw 
near, the Authority and many powerful 
ci\·ic bodies appear agreed on the ad­
vantage of sound engineering and ceo-

Statement for SC Engineer 

STANLEY N. LANHAM 

V ice-President of Los Ang eles 
Transi t Lines 

Metropolitan Los Angeles is best de ­
scribed as an area encompassed by a 
circle of about 25 miles diameter, with 
its center in downtown Los Angeles 
and containing 120 communities, 40 
being incorporated cities , with a total 
population as of October 1954 esti-
mated at 4,500,000. ' 

About half of these people live in 
the inner area , say in a circle with a 
10 mile radius, the other half in the 
outer area. During the past 10 year!' 
the population growth in the inne r 10 
mile circle has practically ceased . 

Nearly all the new construction of 
industrial buildings, retail centers , 
banks, and similar service institutions, 
schools , churches, branch libraries and 
other cultural facilities, has been in 
the outer portion . 

Population density in this outer por­
tion area averages only 1360 to the 
square mile . 

Population in the City of Los Angeles 
itself averaged only 4300 to the square 
mile at the time of the 1950 census, 
and this compares to 88,000 for the 
Borough of Manhattan, 25,000 for the 
City of New York, and to densities 
ranging downward from this to a mini­
mum of about 12,000 to the square 
mile in the others of the 10 largest 
cities in the United States . 

So a transit system to be useful 
here, must be prepared to carry people 
from their far flung residential areas 
to the several hundred industrial and 
retail areas where they are employed 
and to the facilities to which they wish 
to travel. The travel pattern of the 
people in this area is a helter-skelter 
pattern, with a great many points of 
origin and a multitude of destinations , 

M a r c h 1955 

nomic research. Engineering hrms such 
as Coverdale and Colpitts ca n provide 
many of the answers if given the time 
and money. This recognition of the ulti­
ma te value of a n unbiased engineering 
approach appears to be d rawing vari­
ous interes ts clo cr together. 

Th e big question is t il l how rapidly 
preliminary phases should be com­
pleted . Some groups in i t on the slow 
but complete inves tigation outlined by 

the university pres idents; others say ne­
cessity di cta tes a fas ter pace. The recen t 
T own H all report tri es to stand in the 

both of which are constantly changing. 
The people of the area have the 

highest automobile registration per 
capita in the world , one car to every 
2.1 people. The average peak hour 
occupancy rate of these cars is 1 .5 per­
sons. 

The automobile has made it possible 
for the people of this area to live far 
from where they work and has con­
ditioned them to shop, go to school , or 
seek entertainment at locations far 
from home. Public transit has the job 
of giving those who do not have an 
automobile immediately available a 
kind of service that will most nearly 
equal the service the automobile offers . 

This means that it must be fast , flex­
ible , able to travel wherever the auto­
mobile will travel, convenient, eco­
nomical, and capable of altering its 
routes to conform to the rapidly chang­
ing pattern of the community develop­
ment . 

The only mass transit system thus 
far devised that meets all of these re­
quirements is a bus system composed 
of three types of service: 

1. Local lines , with stops every 
three or four blocks; 

2. Limited stop express lines , which 
will pick up passengers reasonably 
near to their points of origin, swing on 
to the freeways for rapid travel over 
the longer distances, stop at bus turn­
out and loading facilities provided for 
the purpose only at major transfer 
points, then leave the freeways to de­
liver passengers reasonably near to 
their destinations; 

3 . Through express lines, designed 
to connect the more remote points, with 
few stops in between and these only 
at major localities . 

Such a system will accomodate all 
who now wish to ride transit and may 
always be able to do so, for because 
of the highly decentralized nature ol· 
the community there is nowhere a de-

middle. Although it affi rms the 1950 re­
port, defin ite deadlines arc offered. 

With proper guida nce by the Legis­
la ture, 1955 may well be a year of con­
sequence. Perhaps this year the neces­
sary machinery for sta r ting a compre­
hensive program tha t wi ll produce mass 
rapid transit wi ll be set up . Whether 
this machin ery i embodied in the exi st­
ing M etropolitan Tran it Authority or 
not, it is hoped that one day an inte­
gra ted transit sys tem wi ll provide the 
same fi ne service offered by the P. E. 
sys tem in the twenties. 

mand for a high capacity service, but 
rather many demands for relatively 
low capacity services able to cover 
the whole, complex area. 

Such a system imposes no new ex­
pense on the public other than the 
nominal cost of building bus turnout 
and loading facilities as an integral 
part of the freeway system . 

Creation of such a system does no~ 
preclude the possibility of the com­
munity later building some other type 
of transit system. 

Such a system can be put into op­
eration now, using existing streets and 
those portions of the freeways that 
have been completed and thus give 
immediate relief. 

Such a transit system can be adapted 
to the changing pattern of this com­
munity ; it can be modified, as time 
goes on , to conform with changes in 
the development of the metropolitan 
area. It can provide the multiplicity of 
routes necessary in such a highly de­
centralized community within reason­
able cost limits. Such a transit system 
takes maximum advantage of facil ­
ities already available or which will 
be constructed in any event . and a voids 
the double expense of building an 
entirely separate system for mass 
transit in addition to the costly system 
already built or planned for the auto­
mobile. 

By making full use of such a system 
of bus lines, the community can avoid 
the needless expense of building 
costly, high capacity facilities for 
which there is no present need and is 
still at liberty to build a high capacity 
when, as , and if , there is ever a genu­
cost. 

This type of rubber tired trans tt sys­
tem is recommended by the transit in ­
dustry as the best possible transit sys­
tem which can be created in the short­
est possible time at the least possible 
ine demand for it. 
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TRANSPORTATION ENGINEERING AS THE ANSWER 

T OS ANGELES, in re pect to trans­
L porta tion . is in a cia s by itself. The 
city spreads out in all directions over 
some twch-e hundred qua re miles. 
Forty-six incorpora ted citie and unin­
corporated a reas in Los Angd es County 
are pa rt of the metropoli s. Surburba n 
deYelopment is already spilling 0\·er 
into Orange, San Berna rdino, and Riv­
erside Counties. The mo,·cment of popu­
lation is the highe t of a ny city in the 
United Sta tes . About a third of a ll 
people living in the county reloca te 
within a three-year period- a nomadic 
city. " In a class by itself" i an under­
sta tement, and to city pla nners a nd 
transportation enginee rs it can be a 
nightma re. 

The problem of how bes t to serve the 
transit needs of such a di,·e rsificd and 
transient community is singu lar. The 
tran porta tion enginee r cannot draw as 
heady on experi ence gained in laying 
out transporta tion system for eastern 
citie . T o provide the a n wcrs fo r the 
need of Los Angeles he will have to 
demonstra te considerable ingenuity. 

When he has the answers, then he 
must realize he holds the stronges t 
weapon there is to resolve paralyzing 
divergence of opinion and political argu­
ment. 

Compiljng Statistics 

The first step in the solution of a mass 
transporta tion problem is to find out as 
much as possible about the travelling 
habits of the people living in the area. 
More specificially: Where do people live 
in relation to where they work and 
play? How do they travel to and from 
work and play ? How much time is in­
volved in thi s travel? How much docs it 
cost them ? 

The compilation and analys is of thi s 
information is called an "o ri gin and 
destination" survey, or, to the more 
initiated , simply an 0 & D . The 0 & D 
is the all-important stud y th a t answers 
the why, when, and where of an y pro­
posed transit system. The anal ysis of the 
information obtained from the survey 
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is relatively routine. It is the mechanic 
of ta king the survey tha t poses the prob­
lem. The uniqucnc of a city like Los 
Angeles ; the low popula tion density of 
o large an area, makes the problem a 

diffi cult one. Add to this the high mobil­
ity and it is a ppa rent that the problem 
becomes impo ing. T oo many sma ll 
streams fl ow into the metropolita n rc -
ervoir from all direc tion , \\·hercas a city 
like New York has four or five la rge 
ri,·ers of transient entering andlea,·ing. 

Postal Zone Technique 

The mos t recen t 0 & D stud y for the 
Los Angeles area was made by Rus­
cardon Engineer , headed by Don Baker 
- a past mas ter a t 0 & D for Los Ange­
les, having conducted one in 1933. The 
Ruscardon tudy was p art of the Clover­
dale and Colpitts monorrul fea ibility 
report of 1953 . U nfo rtuna tely the study 
was confined to the tra nsit needs of in­
habitants of a strip between San Fer­
nando Va lley and Long Beach. passing 
through downtown . H owever, thi s 0 & 
D was a good example of the ingenuity 
that will be necessary to solve the in­
creasing transit needs. 

Although limited by a n insufficient 
appropria tion. R a lph M crri tt (General 
Manager of the M etropolitan Transit 
Authority) and Don Ba ker devi sed a 
means for obta ining the necessary 
0 & D sta ti sti cs. Some 900 industrial 
concerns doing business in the strip for 
the propo ed monorail line were solic­
ited. These concerns contributed the 
time and labor necessary to provide 
Ruscardon Engineers with the postal 
zones of their employees . The postal 
zone numbers combined with the loca­
tion of the concerns was sufficient to 
establish a pa ttern of trave l habits with­
in tha t area. It was by no means a com­
plete survey. but a job had been done. 
Enough informa tion was there for Cov­
erdale a nd Colpitts to assess the feasi­
bility of a monorail line. 

Pacific Electric Survey 

Some years ago the Pacifi c Electri c 

undertook an 0 & D Survey of the 
people tha t were using its facilities . The 
method used was simple a nd effective . 

The a rea CO\'ered by the P. E . sys tem 
was plit into sections, a nd the survey 
wa conducted a sec tion at a time. 
Coded cards were printed and gi ven to 
workers who were ta tioncd a t a ll tops 
in tha t cc tion. A a passenger boarded 
the ca r he was given a card that had 
been punched to show the time of day 
and the location. When the passenger 
a lighted a t hi s destina tion he merely 
h anded his card to a nother worker who 
punched in the corresponding location 
a nd time. If the passenger were trans­
ferring to another car the ca rd was 
marked accordingly and returned. For 
a comple ted trip, the worker retained 
the card a t hi s sta tion . The results were 
quite valuable- but only to the P.E. 

Other 0 & D Methods 

One method, not yet tried in Los An­
gclc , is the " return post" method. A 
pos t card or questionnaire with a 
tamped addressed envelope is mailed to 

a many homes as possible. The ques­
tions arc answered and dropped into a 
mail box for delivery to survey head­
quarters. The success of thi s type of 
0 & D method depends mainly on pub­
li city and advertising. Even with good 
promotion there is a strong possibility 
th a t th e re ult will be stati sticall y 
biased. 

Still another method is the home in­
terview. Although unquestionably the 
bes t insofar as accurate and complete 
information is concerned, it is also quite 
expensive a nd time consuming. A varia­
tion of this method employs the sta tistics 
of the census bureau. Their cha rge for 
a n 0 & D service is about $1 per h ead 
which would lead to a sizable tota l for a 
comprehensive survey. 

These a rc some of the methods. The 
tra nsporta tion engineer can u. e an y one 
or a combina tion of them. Or he may 
e\"C l1 com up with a new and better 
type of survey procedure. 

SC Engineer 



Los Angeles as a unique city-methods of 
compiling and origin and destination study 
-desire line maps-various types of transit 
proposed for Los Angeles-ways a system 
can be owned and operated-the value of 
competent engineering analysis. 

The Desire Line Map 

When the survey is finished the data 
are coded and transferred to IBM cards 
for summarization. The analysis of these 
vast data is an interesting aspect of the 
transportation engineer's work. 

Extensive use is made of graphic 
presentation and graphic analysis. The 
simples t and clearest of the graphic 
methods is called the "desire line" map. 
This map is prepared in the following 
manner. 

For the perfect map, a line should be 
drawn from each origin to its corre­
sponding destination . Theoretically each 
line would rep resent one person making 
a complete one-way trip . This would re­
quire a chart the size of Los Angeles. 

For simplification an IBM summary 
is utilized to cut the ratio to, for ex­
ample, one line per 100 trips. The result 
is a confusion of lines converging on 
va rious centers in the city (see cut ) . The 
lines and their points of concentration 
arc agglomerated into new lines, prop­
erly weighted for traffic densi ty, on a 
clean map. The thickness of this line 
will be proportional to the volume of 
tran it; the heaviest lines denote the 
greates t desire. They are drawn between 
origin areas and destination areas. 
These desire lines arc then used to es tab­
lish the strips that will a ttract optimum 
passengers for a transit facility. 

Type of Transit 

The engineer is now concerned with 
the type o r types of facilities that will 
be constructed to operate along the 
routes proposed by the desire line 
studies. His final selection will have to 
be based on the following cri teria : 
Speed, safety, comfort, convenience, ap­
peara nce, cost, and adaptability to the 
proposed route. 

M any different faci lit ies have been 
proposed to the city planners of Los An­
geles. Each has advantages and di sad­
vantages. Among the more prominent 
are suspended rai lway (sec .Jim Arm­
stead's article), the express bus, the 
subway, the Talgo train , and the mod-
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ern forms of the conventional elevated 
train. 

The express bus, as proposed, would 
opera te on an elevated ramp or in a 
subway in the conges ted downtown, 
elimina ting the slow schedule perform­
ance. Out of town it would run on the 
freeways and arrive at the destination 
area free to ci rculate and discharge pas­
sengers near their homes-an important 
advantage. Disadvantages are the high 
cost of elevated ramp or subway con-
truction and the blocking of light to 

sidewalks and storefronts by the solid 
ramp required. 

The subway is, of course, the ideal 
type of rapid transit as it does not inter­
fere with street traffic or produce prob­
lems of so-called " light, a ir, and access" 
in connection with property along the 
route, but its cost is often prohibitive, 
especially in these days of high pricc:s. 

The Talgo train (see cover ) is a mod­
ern light-weight train being used in 
Spain for inter-city tra nsport. Each has 
but two wheels and depends on the pre­
vious car for support, not unlike cer tain 
toy trains. It is powered by diesel, but 
could be electrically driven and has the 
advantage of being light (aluminum 
construction ) and thoroughly tes ted . As 
proposed, the Talgo train might operate 
on the center mall of freeways and be­
come eleva ted downtown. Although 
faster than the bus, it would not have 
mobility in suburbs. A feeder bus system 
would be necessary. 

Other forms of elevated trains have 
been offe red . Their operation would be 
similiar to the El of Chicago, but much 
more modern . Elevated trains would 
cost less than monorail, but require 
more overhead support. Experience 
from eastern citi es in their operation is 
an advantage. 

The Economic Factors 

After a study of the various types of 
transit available, the transporta tion en­
gineer becomes an economic engineer. 
H e must weigh the proposed system in 
terms of real estate values and the effect 
on future growth and development of 
a reas. H e must evaluate, for presenta-

DESIRE LINES 

Graphic presentation of 0 & D res ults. 

Sequence: desire lines, major desire 

lines, and optimum location lin es 

tion to the proper legislative bodies, all 
the foregoing facets of the problem in 
te rms of private ownership, public own­
ership, or authority ownership. There 
a re seYeral tangibles involved in the dif­
ferent types of ownership and manage­
ment. 

A transit system under private own­
ership is a privately financed, tax paying 
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public utilitie who e fa re are subject 
to approva l by the Sta te Public U tilities 
Commission . M anagement has an obli­
gation to the stockholder for profitable 
opera tion. 

A publicly-o,,·n ed tra nsit y tem may 
be fin anced by tax m onies and have 
fa re set by the concerned admini tra­
t ive body. Profits would be re fl ected in 
lower ra te or increased service wh ereas 
a deficit " ·ould be covered by a general 
tax fu nd. 

An authori ty. if patterned a fter tho e 
of other cit ies uch as Chicago. wo uld 
be a self-supporting tax-exem pt en ti ty 
permitted to et the fare nece a ry to 
m ee t obliga tions. Officers are us ua lly 
appoin ted by the gove rnor of the state. 
A revenue bond is ue p rovide in itial 
capita l and th m obligation for sound 

opera tion is to holders of the bond issue, 
u ua lly insurance companies and banks 

Engineering in Politics 

While he is preparing his 0 & D , 
while he is selectino· his type of facility, 
and while he is weighing the economic 
a nd p ychologica l factors, the tran. por­
ta tion engineer stands in the troubled 
wa ter of loca l polit ic . An issue of such 
magni tude i. neve r devoid of politica l 
acti on. ?vfany importan t and controve r­
sia l opinions are vented , whether they 
be insp ired by se lf- interest or honest 
effort. 

Such a d ivergence of opinion has been 
present in Los Ange les. Al though dig­
nity and guidance is of ten lent to the 
con trover y by actions such as the recent 
appo intment bv M ayor Poul son and 

Supervisor Ford of a number of promi ­
nent non-technical men to a Citi zen 's 
Transporta tion Committee to study the 
tran porta tion problem [this Committee 
ha not ye t released comment ], differ­
ing viewpoints, often purely emotiona l, 
keep confusing the i ·ue. 

The onl y a ppa rent possibility for a 
co mm o n m ee ti ng g ro und fo r t h ese 
va ri ed opinions i. in the logic resulting 
from a sou nd eng ineering and ta ti stica l 
a na lysis of the entire situa ti on, with 
sufficient money and freedom of ac tion 
allotted to do the job p ro perl y. Under 
such cond ition. it should be poss ible to 
obtain a fact ua l evalua tion of the t ransit 
p ictu re. Wi th the fact before them, the 
law-makers will be a ble to enact the 
legisla tion required to serve the interest 
of the commu nities that they represent. 

MONORAIL: A NEW IDEA IN TRANSIT 

The word monora il has caught on in 
Los Angeles. Although few p eople know 
more about it than wha t breaking down 
the word into its components, "mono" 
and " rail ," yields, the word is heard and 
seen frequentl y these days. 

The word monorail, as u sed by tra ns­
portation engineers denotes a ra ilway 
idea- a sys tem for m ass transit. includ­
ing cars, structure , ta tions, and sig­
nals. It i well to consider in detail the 
la tes t engineering thinking on this 
novel, and virtua lly unte ted proposal 
for the solution to the Los Angele trans­
porta tion headache. 

When large citi s feel the p inch of 
traffi c on their ground surface t raffi c 
lanes, three courses of a lleviation a re 
open. The first, which appear to be the 
easiest, is to build more grade-sepa ra ted 
surface traffi c routes as Los Ange le 
has been doing by building freeway . . 
Placing busses and even rail ways ( to use 
the center ma ll ) on the freeways has 
been sugges ted as a m eans of acquiring 
mass rapid transit. 

Another solution is that of sub-surf ace 
traffic- the subway. The subway is a 
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good answer. It will handle the la rg 
movements of tra ffi c, is not hampered by 
surface traffic, and has a private ri ght of 
way. U nfortuna tely, it has been demon­
sta rted tha t ha rdl y a ny city in thi s coun­
try can a fford the luxury of a subway 
sufficiently ex tensive to p rovide tra ffi c 
reli ef. 

The third solution is eleva ted roads 
or ra ilways. The famili a r eleva ted tra in 
running on conventiona l trac ks built 
close to the g round is obj ectiona ble fo r 
several reaso ns. The supports cause ad­
diti ona l surface conges tion ; the tra ins 
a rc noi y; the tracks and sup ports shut 
o fT light a nd air ; and , with seve ra l lines 
of supporting columns in the stree t, rea l 
es ta te valu es arc lowered a long the 
route. 

A mo re modern fo rm of elevated , that 
of the elevated roadway on whi ch busses 
with pneuma ti c tires could operate. re­
moves many oi th e objections to the 
o ld,..r type of elcvated tra ins. The road­
way, however, still p rese nts a roof over 
the stree t whi ch shuts out li ght a nd a ir. 
Because of th e compelling nccess i ty for 
removing thi s cha rac teri sti c, which is 

pa rti cula rly objectiona ble in residentia l 
stree ts. the thought of hanging a car 
from an overhead track was originated. 
Since the car would not depend on th 
trac k width for sta bility against over­
turning, the trac k gauge could be na r­
nowed. Also, because the car is su -
pcndcd f rom the track, the supporting 
st ructure could be raised higher a bove 
the street. This thinking led to the de­
sign of " mon orail. " Monora il means, in 
essence. a car hanging from and travel­
ing on a ra il supported high above the 
surf ace . 

Variations of the Monorai l 

M onora il construction is no t a new 
engineering idea. Practi ca l industria l 
monorail s have been long used in this 
country in la rge industri al pla nts and 
w:o~ rch o usc . Indu tri a l monora ils illus­
tra te the concep t, but a rc slow-moving 
and ponderous devices . 

Th e city of Wuppcrta l, G ermany, fea­
tuJ cs an elec t ric monora il sys tem. It h as 
opera ted successfull y for over 50 year . 
The cars hook to the sing le overhead rail 

y a n a rm with a wh cl on it. This ra il 
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Monorail as a novel form of mass rapid 
transit-existing monorail lines-proposed 
line for Los Angeles-prime mover hookup 
-signalling system offered-advantages 
of monorail-unanswered questions on 
modern monorail. 

is supported laterall y and within an in­

\'ertcd U structure. Riding on a inglc 
rail, it is a monorail within the truest 

sen. e of the word. The Wuppcrtal line 
cxempli fie the "classical" monorail. 
Modern variation feature a "'T" shaped 
structure. 

l\'on-suspcncled monorail sy tem are 
a lso in existence. The cars . it on the 

rail. One type is the "sadd lebag mono­
rail" with car balanced on either side 

of the single rai l. A sys tem of this type. 
called the Lartigue monorail, was op­
erated for many years by the French in 

eastern Africa. If not properly designed 
o r operated it cou ld overturn, track and 
a ll. 

Another type sits on the track and is 

held upright by a gyroscope. It is nor 
hard to visualize what happens when the 
gyro cope fails. 

The latest developmen t is the Alweg 

A running model was recently demon­
strated ncar Cologne in Germany. It 

has a bearing surface upon which the 
car run and vertically curved exten­
SIOn below the frame of the car to 

which wheel . bearing on the sides of 
the structure supporting the rail, arc 
attached. The Alweg, unfortunately, re­

quires an exten ive supporting structure. 

Lates t American Development 

An outgrowth of the "cia. sica!" mono­
rail of Wupperta l and the better in­
dustrial monorails ha~ been the pro­
posa l for a ' ·sp li t-ra il " monorail. Car 

wou ld be suspended between two closely 
spaced rails hou ed in a one-piece en­
closure. Gibbs and Hill , a New York firm 

which engineered the electrification of 
the Penn yk ania Railroad. has ana­
lyzed the \·ario us ystems and leans 
tO\\·ard the split-ra il monorail. on steel 

wheels, as the best a lternat ive. This 
firm a l o did that portion of the recen t 
Feasibility Report on a monorail line 
for Los Angeles concerned with design 
of the monorail sys tem. Although their 
tudie were confined to a ver ion of the 

classical monorai l, they feel a split-rail 
ha di tinct advantages. Gibbs and Hill's 
proposed system for Los Angeles and 

their executive vice president's (Edward 
Anson, a leading expert on monorail) 
sta tements on the split-rail monorail 

comprise the foremost thinking on 
monorail today. 

T he Split-Rail Idea 

In some of the better designed indus­
tri31 monorail systems there are two 
wheels opposite each other running on 
two bearing surfaces I rails ) ; one on 
each of the t\,·o sides of a flange of a 
single structural member, like an I­

beam. The load is suspended from a 
frame hung below the two wheels. 
H ence, monorai l systems arc not lim­
ited to the usc of a single bearing sur­
face or rail. 

By merely spl itting the two bearing 
surfaces on the bottom flange of the 
structural I-beam. and supporting them 
b\· a rc\·ised but integrated structure. 
a;1d by uspending the load from a point 
between the wheels instead of from a 

frame around them, the idea of another 
type of su pcnded railway is conceived. 
This type may be called the split-rai l 
type uspended monorail or simply a sus­
pended railway. Adapting thi ~ arrange­
ment to opera tion with loads and speed 
required for mass rapid transit, results 
in a truck running inside the integrated 
mono-structure on rails loca ted with pre­
cision as to alignment and surface and 
closely gauged to each other so as to con-

Artist's conception of the classical and th e split-rail versions of monorail. The classical~ based on_ a monorail line running in 

Wuppertal, Germany, would probably feature the driving motors riding on top of the razl. The spli.t -razlwould have the moto1s 

and w heels ridina inside of the sound-deadened girder box winch 1.c:ould be Toughly forty by fifty lllches 1n c1oss-sectwn. 

T-shaped suppor7s, about seventy-five feet ajJart, would support the rails thirty feet above ground. 
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stitute practically a ingle support. By 
uspending a passenger car from prop­

erly designed tracks a satisfactory rail­
way results. The railway can go under­
ground a a subway, if need be, still sus­
pended. 

To accomodate the truck inside the 
split-rail girder of the suspended rail­
way, the integrated structure becomes 
omewhat wider than the correspond ina 

. 0 
girder for the clas ical or single rail 
monorail. This added width. however, is 
insignificant because the airder would 
be located about thirty feet above the 
street and the difference of thirty inches 
in width at that elevation could hardly 
result in any material increase in shad­
owing of the street. Enclosing the girder 
with removable sound deadening skin 
would result in less noise and in dry rail 
operation, during wet weather. 

One of the advantages of a split-rail 
system, having the two bearing surfaces, 
is the decreased possibility for derail­
ment. On the classical monorail system 
a hook is provided to avoid serious dam­
age in case of derailment, and there­
fore, the classical monorail is safe but 
the close clearances within the girder of 
the split-rail system make derailment 
practically impossible. 

The cars of both the classical mono­
rail and the split-rail or suspended rail­
way are free to swing to compensate 
for centrifugal force due to negotiating 
curves. However, in the case of the 
classical monorail, there is no control 
on the amount of swing except the re­
straint afforded by adjoining cars. Be­
cause the truck in the split-rail sus­
pended railway system would always 
run on an even keel and car sway would 
be entered about a point in the truck, 
it would be possible to apply well-known 
methods of restraint to control the 
amount of swing of any individual car if 
that is found desi rable. 

Supporting Structures 

The modern concept of suspended 
monorail has progressed considerably 
beyond the original design now operat­
ing in Germany. Many of the suggested 
improvements have been inspired by 
progress in structure and equipment 
designs of modern surface systems. 

The running surface could be sup­
ported by a simple girder or m ember of 
sufficient strength to eliminate the 
necessity of cross-bracing between the 
two rail supports of a double track line. 
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This cuts out unsightly lattice-work. 
The supporting structure may be an 
arch type or a single column with suit­
able cantilever bracket in the form of 
a "T." Columns could be centrally lo­
cated in the street so as to interfere as 
little as possible with street traffic. The 
upporting structure for the running 

surface is so proposed a to provide six­
teen fee t clea rance between the bottom 
of the cars and the surface of the street 
or ground. Thus, any semblance of a 
floor above the street would be elimi­
na ted. 

The stations on the overhead portions 
of the line would be located over the 
streets with m ezzanine below the train 
platforms. Access can be had by stair­
ways or escalators. 

The car body, truck and drive are 
logical adaptions of aircraft fuselage 
design practice, PCC car development, 
torque converter drive application to 
motor driven vehicles. Modern high 
strength . lightweight materials, would 
certainly be used and the lates t devices 
for providing safety by signaling and 
train control could be an integral part 
of the design. 

Power Plant 

As proposed, all cars are equipped 
wth modern high-speed AC squirrel 
cage type induction motors propelling 
the cars through hydraulic torque con­
verters. These motors would be mounted 
in the trucks above the rail and no 
power circuits wou ld be needed in the 
suspended cars. An induction motor un­
der thi arrangement comes up to speed 
ve ry rapidl y and the necessity of con­
verters to convert AC to DC current is 
eliminated . 

Using two trucks per car with each 
truck having two sets of driving wheels, 
allows the use of smaller li ghter m otors 
and it is believed will permit good sched­
ule performance. The entire weight 
would be available for rapid accelera­
tion and braking rates within permis­
sible values of adhesion. This la tter fea­
ture of design i of prime importance 
because rates of acceleration a nd de­
celeration , even more tha n maximum 
speed on level tangent track, dete rmine 
the ave rage or schedule speeds for runs 
up to one mile or even more in length. 
As top speed is increased, the consump­
tion of power and cost of motor equip­
ment increases even more rapidly, 
which indicates the selection of a top 
speed of about sixty miles per hour. 

THE SWITCH 

··~·~"~ 

·'~ 
M onorail switches will have to differ 
wi d e l y from conve ntional railroad 
switches in that the car hangs below the 
rail. To solve this a switch that revolves 
180 degrees as a unit has been proposed. 

\Vith the rates of acceleration and de­
celeration believed available, this top 
speed would result in an average speed 
including station stops equal to that of 
the modern , conventional PCC car. 

Signal System 

A modern signal and automatic speed 
control system would be provided to 
insure safety of operation on a minimum 
headway of 90 seconds. To avoid pos­
sible confusion between signal aspects 
and background colored lighting, cab 
signal indications would be provided in 
each train's operating compartment. 
Any change of signal aspect to a more 
res trictive indication, that is, for ex­
ample. one showing closer approach to a 
preceding train, requires acknowledge­
ment by appropriate action on the pa1 t 
of the following operator. An alterna­
tive braking is automatica lly initiated. 
Closing-up movements involving passing 
of a stop signal could be made, at slow 
speed only, fol lowing acknowledgement 
of the signal aspect of the operator first 
bringing the train to a full stop . 

Questions Left Unanswered 

The engineering firm of Coverdale 
and Colpitts points out in their section 
of the same J 954 Feasibility Report 
which carried the Gibbs and Hill mono­
rail design : "There is not now in any 
city in the world any suburban o r inter­
urban service operating a t the over-all 
speed contemplated for this line. All ot 
the various clements entering into the 
design have been tried and tested . The 
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only thing that could be considered an 
innovation is the assembly of a ll of these 
particular features in this type of opera­
tion. The monorail system contemplatcd 
herein is not at a ll comparable with the 
one that has been operating in Germany 
for many years." (Although these re­
ma rks a pply to the modernized classical 
~y tern proposed, they a re just as apt to 
the split-rail proposa l. ) 

There are specific engineering ques­
tions that need answering. When a ll of 
the epa ratc features that have been de­
scribed a rc assembled into an integrated 
opera tion, what wi ll the repeated un­
balanced loads caused by the pas ing of 
cars do to the tructural rna terials? What 
are the fati gue strength requirments of 
c ro sarms, rails, and supports? In short, 
can these structures withstand the tre­
mendou. torques developed by repeated 
high-speed loads? 

Some other questions can be posed . Is 
meta l to metal contact the most accept­
able solution, or might rubber wheels 
provide a quieter ride and faster accel­
era tion ? H ow well will a completely 
new type of switch system proposed 
opera te? Will the cars hold to the sta­
tion platform magnetically, as pro­
posed. And how will the effect of time, 
vibration, and natural occura nce , 
(earthqua kes, etc. ) affect the suspended 
rai l a nd rail structure? 

These questions, and others, need 
answering. Before a la rge investment is 
made, trials must be conducted on rea­
sonably sized model . Better yet, on a 
f ull-sca lc test strip. Such tests are ex­
pensive, but if it is conservatively as­
sumed that industry spends 1% of its 
appropriations on practical research 
then a proposed 200 million dollar in­
vestment in a monorail system would 
justify two mi llions spent for an wcring 
these important questions. 

Although the modern split-ra il mono­
rai l has received planning, design, and 
publicity, and has appealed to the im­
agination of many people, it has one 
serious disadvantage. T he fact that no 
full-scale split-rail line exists hurts its 
chances for immediate adoption by a ny 
city. Will a city ta ke the risk? 

To ma ny engineers, a mass rapid tran­
sit system employing modern monorail 
concept remaim visionary until a span is 
built a nd te. ted under a ll possible con­
ditions. 

End of Symposium 
Reprints available on request. 

Mar ch 1955 

ENGINEERS CAN WRITE 
BETTER TECHNICAL REPORTS 

JOHN KENT, Chief, Editorial Bureau 
Consolidated Engineering Corp. 
Pasadena, California 

An aJtJtroacla to beU«••· f«•clanical wrifing; cut and shorten 
wlaer•• Jtossible ... cull bookish words ... substitute action 

Y OU, as an engineer, can improve 
your technical reports by adopting 

methods used by professional writers. 
Failure to do o may result in injustice 
to yourself and to your career. 

Since your writing is judged by the 
same criteria as that of the professional 
writer, you must use the a rne method, 
to get comparable results. Some of these 
methods are really the writers' "tricks of 
the trade." One i the u e of short 
sentences. 

The hort sentence is probably the 
greate t help to understandable writing. 
I t permits spacing of ideas. Ideally, each 
entence should be limited to one 

thought. Very often, however, simple 
sentences are incapable of communicat­
ing complete thoughts. Sentences be­
come longer as modifying and qualify­
ing word are introduced and a rela­
tionship between subject and object are 
developed. 

As entences become longer, relation­
ships between words become less clear. 
Such sen tences are harder to under­
stand and may require rereading. They 
often lead to errors in gramma r. Con­
sequently, long entences must be 
watched. 

During recent years researchers have 
come up with a "readability formula" or 
criterion. The formula shows that when 
ave rage length of sentences runs over 20 
words, thoughts become d ifficult to 
understand. 

H ere is a standard in terms of words 
per average sen tence: 

Under 10- Easy to read 
15-Fairly easy 
20- Standard 
25- Difficult 

Over 30- Very difficult 
H ere is how you can measure the 

readability of your writing. Pick severa l 
blocks of seven sen tences at random 
throughout your manuscript. Average 
the sentence length. of each block of 
seven ; then average the average of each 
block. 

Remember this : A sentence of over 
25 word generally can be cut into two 

short ones. After several long sentences, 
insert a short one to act as a "rest" for 
the mind. Aim to get more sentences 
into the easily grasped 10- to 15-word 
length. 

There's another rea on why technical 
people in particular hould write short 
sentences. In ordinary writing, shorter 
words can be substituted to help the 
reader understand. Generally, technical 
words cannot be simplified. Sho1i sen­
tences can compensate for this limita­
tion. 

H ere' an example : 
T echnical sentence : 
"Corrosion damage was not distributed 

uniformly on the tube surface but was 
con centrated at random locations." 

Newspaper sentence: 
" A 14-year-old boy was arrested last 

night while h e was robbing a jewelry stl)re. 
Both sentences have 16 word . But 

the technical sentence has 92 letters in 
its 16 words, the newspaper sentence 
only 63 letters. Short, common words 
will help keep the letter-count down. 
Some technical people have trouble 
here. 

Because of misplaced deference to 
convention, many empty, bookish, for­
malistic, and legali tic words and 
phra es creep into our speech and writ­
ing. Most of them can be called "non­
working" words. Cull them and sub­
titute "action" words. H ere are a few 

example : 
Avoid 

with respect to 
effectuate 
ascertain 
for the purpose of 
in the nature of 

Use instead 
for, about 
carry out 
find out, learn 
for 
like 

in view of the fact of because, since 
pre ently now 
along the line of like 
subsequent to for, after 
ava il yourself u e 

M any technical people are troubled 
over paragraphing. What should a para­
graph include? When do you begin a 
new paragraph ? In modern usage, para­
graphs are becoming shorter. In news­
papers, for example, almost every 
sentence is a paragraph. 
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Successful Engineers 
must know how to cut costs 

WELDED STEEL 
DESIGNS ALWAYS 
LOWER COSTS 
By knowing how to use welded steel 
in modern product designs, you can 
lower manufacturing costs up to 50%. 
tfere is how: 
Material Cost is less- It's a fac t . . • 
steel is three times stronger tha n 
iron, two and a half times as rigid. 
Where strength alone is needed, one­
third the metal is necessary. When 
rigidi ty is important, less than half the 
material is required. But steel costs 
only one-third as much per pound. 
Steel is more easily placed where it 
can carry more load per pound of 
metal. As a result, ultimate savings 
wi th s teel are limited only by the 
r esourcefulness of the designer. 
Manufactu re is Simpler-Fewer man­
h ours ... simpler, less costly produc­
tion tools are needed to manufacture 
products from steel. By proper de­
sign, many operations needed for 
machining castings can be eliminated 
entirely. Assembly operation~ can 
be simplified ... finishing and clean­
ing manhours reduced substantially. 

P ro d ucts designed in steel have a 
modern appearance to improve sell­
ing appeal while reducing costs on 
an average of 50% according to field 
reports. 

Weld ed Desi gn Saves SO % 011 motor gear 
!Jousing. Original cast comtmction weigbed 
175% more . .• required 90% m ore machining. 

Cost Down 57% Oil machine 
s/and by change to welded 
steel. Also elimina/es for­
mer milling and drilling 
Oil former caSiings. 

DESIGN AIDS AVAILABLE 
Back up your engineering training with 
latest information on low cost welded 
steel construction. Free bulletins and 
handbooks are available to engineering 
students by writing ... 

THE LINCOLN ELECTRIC COMPANY 
CLEVELAND 17, OHIO 
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In technica l reporb parag ra phs 
should be well constructed. The first 
sentence of a good pa rag ra ph houlcl he 
the topic sent ence. It ;,hould tell th r 
n ·ader wha t's going to be sa id in the 
pa ragra ph. lt should also provide a 
tra nsition ( if such is needed ) from the 
preceding pa ragra ph . This topic sen­
tence hould be short a nd direc t. 

A good pa ra<Yra ph should a ! o have a 
umma rizing entencc which should 

'varn the reader- " thi s is the e:1d ; pre­
pare for another thought or another 
subjec t. " 

The leng th of a pa ragra ph depend 
on two things: >ubjec t matter and co: l­
sidera ti on for th e reader. 

The rule of composition on pa r;:J ­
g ra phing is clea r. \Vhen the thought 
or subjec t promi ed in th e topic sen­
tence i, exha usted , sta rt a n ew pa ra ­
g ra ph . Considera tion for th e reader 
may modify thi s rul e somewha t . Writ­
ten \\"ith the reader in mind . pa ragra phs 
should do severa l things : 

o Give the reader vi sua l evidenre o f a 
brea k in thought. 

• Provide ju, t enough ma teri a l on each 
thought, or face t o f a subj"c t. not to 
tire hi s mind. 

• Provide a " hook" for the reader's 
at tention. 
Therefore, it is better to ove r-para ­

gra ph . The reader won't obj ec t. 
Th ere a re three major pi tfa lls to 

pa ragra phing : 
• L ack of topic sen tencc. 
• Lack of unity. 

• Improper deve lopment of centra l 
thought. 
T o sec if you have obse rved the rul es 

of good pa ragra phing. check your pa ra­
graphs aga imt these qu esti ons : 

I. I s the topi c se r.ten cc roncise? 
2. D ocs the pa rag1a ph need a transi­

t ion sentence ' 

3. D oc> th e pa rag ra ph conta in more 
than one ce ntra l thought ' (Yes' Th en 
split th e pa ragra ph . ) 

4. C an the pa ragraph be broken into 
two by regroupin g- informa ti on ? !This 
is d c> ira hle and worth th e effo rt. ) 

5. D ocs ma teri a l in th e pa ragra ph 
cove1 wha t was p1 omi '>cd in tlH' topi r 
sentence? 

6. l s a '> UIIIITJa rizing sl· ntcnce needc·d ? 
After yo u have written th e first dra ft , 

edit it with a good di cti ona ry a t ha nd , 
and perh a ps even a book on gra mma r 
to resolve doubtful construction. 

Read yo ur manusc ript severa l time'>. 
First rrad over th e entire dra ft to ge t the 

" feel" of it. Does it tell a story simply 
a nd concisely? Cut and shorten where 
possible. 

R ead it over a second time, looking 
fo r b::t d sentences, lack of topic sen­
tences, a nd errors in gramma r. If time 
permits, put the mantt script out of sight 
fo r a day or two. Then read it a third 
time before le tting it out o f your ha nd s. 

Pay ing attention to rules of composi­
ti on and g rammar is not enough. The 
profes. iona l writer soon learns many 
things tha t a rc not ta ught in college 
composition courses. You, as a report 
writer, should practice them too. For 
cxa r~ pl e, have confidence in your writ­
ing. You ca nnot do anything well unlcs' 
you have con fidence in yo ur ability. 
Aho, you must show interest in your 
writing. A good rep rt is th e result of a 
lot of hard \\·ork- a ncl enthu. iasm. But 
mos t of a ll. yo u've go t to write if you 
want to be good report wri tcr. Writing is 
'>Omething tha t ca n be learned only 
through prac ti ce . 

Rep rinfed from ·' Chemica l and Enginee ring News '' 

STAFF AND DISTAFF 
( continued from page 4 ) 

new faces. D ave Stone is now a perma­
nent guest. Yu Chu Chao, an exchange 
student from Formosa, is handling li­
bra ri an duties. Bob Lamson and Dole 
Kell y a re new staff writers. New fa ce. 
and new ideas will keep the magazine 
moving a t its fas t pare. We welcome 
more of both . 

The Next Issue 

Look for a very interesting M ay i. sue. 
Pa ul Fryar and Ben L evine will co-edit 
thi s issue. Already planned a rc fea tures 
on Lift-Sla b construction , a modern 
method of building construction, and 
low-tempera ture eva poration, a process 
findin g loca l a ppli cation for concentra t­
ing fruit juices. The usua l dull stuff such 
as th e pin -up will be there too. A biog­
ra ph y of D ea n Vivian will be included. 
Our Dean has had a va ri ed and colorful 
lifC'l imc. Reading hi s biography will en­
li ghten yo u on the n·asons for hi s pro­
gJ c-,sive thought ;, on C"nginecring educa ­
ti on a l SC . 

An I mportant Correction 

Kim Novak will not he seen in "Five 
Against the Wall" as stated in the De­
cember issue. She will , however, appear 
in "Five Aga inst th e H ouse." 

SC Engineer 



Richmond Station of th e Philadelphia Electric Co. 

Weeks of work shrink to days as 

photography weighs mountains of coal 
Aero Service Corporation takes stereo pictures 

of the coal piles at a utility's 10 storage sites-reports 
the fuel reserves on a single inven tory date at 

25% lower cost than with other methods 

It used to take a surveying crew weeks to measure and 
fi gure the contents of the Philadelphia Electric Co.'s big 
coal p iles . Now a camera and an airplane work toaetbcr 
to cut th e time to days . Overlapping p ictures a rc taken 
from th e air. Then with ste reo plotting equipment the 
volume of the heap is calculated . 

Sb·ea mlining th e inventory job is a natural for pho­
tograph y. It's be in g used to count metal rods, automotive 
parts, telephone calls as well as tons of coal. But pho­
tograph y works For business in many other ways as well 
- saving time, reducing error, utting costs, improving 
produ ction. 

Gradu ates in the physical sciences and in engineering 
find photography an increasinglv va luable tool in their 
new occupations. Its expanding use has also created 
many challenging opportunities at Kodak, especially in 
the development of large-scale chemical processes and 
the design of complex precision meehanical-elecb·onic 
equipment. \ Vhether you are a recent graduate or a qual­
ified returning service man, if you are interested in these 
opportunities, write to Business & Technical Personnel 
Dept., Eash11an Kodak Company, Rochester 4, N.Y. 

Aero Service Corporation takes its stereo photographs and 
translates th em into a contour map of 1-foot 

intervals. Each 1-foot stratum of th e coal p ile 
can then be measured with a planimeter 

and its volume computed. 

Eastman Kodak Company, Rochester 4, N. Y, 
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jet engine progress? 

N ew, dra matic a dva nces be ing m ade a t lege program of practical engineering 
G ene ra l Electric's a ircra ft gas turbine ass ignments. In this program. as in h i 
ope ra tions bring into clear focus the ultima te career, the engineer chooses 
vita l ro le recent co ll ege engineet·ing t he fie ld a nd location- fr om the ent ire 
gradua tes p lay throughout the com- ra nge of G-E acti v iti es including plas­
pa ny. Typ ify ing such res ponsibi lity a re tic , la rge e lectri cal appara tu , e lec­
R. W. Bradshaw, ME, Lehigh, '48, re- tronics, jet propuls ion, automa tion com-
spons ibl e for des ign of development ponents a nd a tomic power. 
engin e controls a nd accessori es, and Working with world-renowned G-E 
B . C. H ope, EE, UCLA, '49, supe rvi sor e n g in ee r s , yo u - lik e Br a d s h a w a nd 
of test progra ms for deve lopment of H ope - can make importa nt contribu-
aerodyna mic a nd m echani ca l compo- t ions ea r ly in your engineering ca reer. 
n ents. F or fulJ de ta ils on the G-E ca reer suited 

In eve ry fi e ld from e lectrica l, m e- to your ta lents a nd inte rests, see your 
cha ni ca!, me ta llurgica l a nd aeronauti- coll ege placement director, or write 
ca l engineering t o phys ics a nd che mi s- G ene ra l El ectric Compa ny, Engineer­
try, young men like th ese broaden the ir ing P ersonne l Secti on, Schenecta dy 5, 
t echnica l background in GE's a fter-col- N ew York. T R· l J\ 

Progress Is Ovr Mo.f;f lmporfanf Protlvd 

GENERAL- ELECTRIC 



What will you add to 
jet engine progress? 

New, dra matic advances bei ng m ade a t lege program of practical engineering 
G enera l Electric's ai rcraft gas turbine ass ignm ents. In this program. as in his 
opera ti ons bring into clear focus the ultimate career, the engineer chooses 
vita l ro le recent co llege engineering th e fie ld and locati on- fr om the entire 
graduates play through out the com- ra nge of G-E act iviti es including plas­
pa ny. Typi fyi ng such r esponsibi lity a re tics, la rge e lectrica l apparatus, e lec­
R. W. Bradshaw, ME, L ehigh, '48, re- tronics.jet propulsion. a utomation com­
sp ons ible for d es ign of development ponents and a tomic power. 
engi ne controls a nd accessories, and Working with world-renowned G-E 
B . C. H ope, EE. UCLA, '49, supervisor engineers, yo u - lik e Brads h a w a nd 
of test progra ms for development of H ope - ca n make important contribu­
aerodyna mic a nd m echa nica l compo- ti ons ea rly in your engineering career. 
nents . F or full details on the G-E career suited 

In every fi e ld from e lectrica l, me- to your talents and interests, see your 
chanica!, m e ta llurgica l a nd aerona uti- college placement director or write 
ca l engin eering to physics a nd chemis- G ene ra l E lectric Compa ny, Engineer­
try, young me n like these broaden the ir ing P ersonne l Section, Schenectady 5, 
technica l background in GE's after-col- N ew York. TR-1/\ 

Progress Is Ovr Mo.g lmporfanf Protlvcf 

GENERAL fJ ELECTRIC 
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