
= TL

| 0 Ce 7 ut
\ = 3 i o ie ”

2
Sy = 4 mr :

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

THESIS

ENERGY CONSUMPTION AND TRAFFIC CONDITICNS

Ow TR

PHIL... FIPHIA-PAOCLI ELECTRIFICATION

OF TUR

NTONSYLVANIA RATLRCAD

Submitted By

OL
Chediln. 7% WYinghegrnA





FURPCSE OF THE THESIS

Tho rper
Ek LHe, AY % -~ gl -

! ‘ aesic w wk, VS

prese.- stud of the enrrgy consump-

tion an: traffic conditions oo ithe

Philadelrhia~Paocll Electirification cf

the Pennsyivanla Railrced, with a view

to economizing energy requirements and

car miles.



CONTENTS

Page
Acknowledgement

Foreword

Purpose of the Thesis

Scope of Investigation

Data Required by the Inves.igation

Power Data
* Ty

 Se
gy

Pericd of Taking Power Dats

Pagsenger Data

Car Data

Indications Given by Data

Power Data

Passenger Distribution

12

15

16

18

18

18

Valirntensnce Data 19

Regults of Calculations

Ratio of Energy per
cer Mile

27

Passen- 21

Energy per Car Mile oo

Seving by Dropping Car.
Bryn Mawr

 A

2Lp

Peak Load Hour Saving

Conclusion

Appendix a.

Appendix B.

appendix C.

Avpendix D.

appendix E.



ACKNCILEDGMENT

This investigation has been made

possible by the hearty co-cperation cf

the v7 cials snd employees of the Fenn-

sylvenia Railroad. We wigh especially

to nk Professor Dillon for advice and

co-cperation, Mr. J. T. Wallis, General

Superirtendent of Mctive Power, for per-

mission to make the power tests, Mr. H.

K. Iesure, Assistant Master Mechanic

Electric Equipment, for assistance in

arranging the practical detalls of the

test. and Nr. H. FP. Griffith, Foreman oi

Substations and Transmissicn, for placing

the electrical insiruments and carrying

cut the required electrical switching.

"a electrical instruments, we ows

thanks t+» Professor Timble, The General

Electric Company. and The Wegtinghouse

Electric and Manufacturing Company.



SCOPE CF INVESTICATICN

Iie Philadel hiia~Paocll Elec ~ A»

cen 02 ON

of the Pennsylvania Rallrcad extends Tron the

Broad St. Termiral Statlicn in Philedelphisa to

Pacli. a distance of 20.0 miles. In order Lo

elimireste trairs of the Chestnut Hill Branch

which slso come into the Bread St. Terminal,

no data was taken for the Paoli Tivision

trairs while they wer~ in the 100 sectic o-

tween Broad St. an’ Wool Philadelphis.

Nest Thiledelphia tt ° 2in- soin~ © “Tastinut

112 branch cff fro et Aan

Philadelnhi- ther ~~ 7 rvs brass “ew A

Pacli. Cvrr the~ +707 ther  - »-rated

Steen possenger and felght trein, on mult.

ple unit electric pagsenger trains. Cne elce-

tric leocometive is also operated cover this

Jivisicn but it was not in operation Curing

the pericd of our test. The passenger traincg

are cperated over tracks one ard four, while

the freight treing sre operated over the in-

side tracks. However, thls rul: 1s no always

adhered to. To sum up, our invesiige:r ton





covers all multiple unit trains con that portion

cf whe Philadelphia Divisicn which extend: from

th: Signal Bridge that 1s located 1.7 w’™

from Broad 8t. t5 the end of the eleci»ific~

8%, Pao’°

‘or

Te as a -ye * a 2 t me. J ~ EN

~r which J rip ——

divielor !

yhich is very thickly populated near Philadel-

phis ond thinly populated in the vieinity of

Paoli. That is, the density of population is

=-idential suburban 4diztric™

"UY WA =]

some function of the inverse disterce from Fhil-

adelphlia. Therefcre, it is ressonsble t ev-

pect that the density of passenger traffic

carried by the multiple unit trains is alse some

function of the inverse distance from Fhilecd.2-

phia, since these trains are opersted to serve

this territory. The correctness of hl saszzumv

len 30 Yorn ou” Ly ant chop tt

£7 the time oo 7% 7 0 WS »otion

ple uni tzoins vor omeratso from Broad gt.

Station to Paoli withow' o~py changes in their

make-up- and no trains were run a portion of

the distance Trom Broad St. to Paoli. The chie

-y ., al
Log ree

Soa 73Ei v Baa" yA

reason for this is the feet that there were no



track facilities at any points intermediate “¢

Broad St. and Pacli. which would make i" —

~.
-

, 5 re.

sitle to change the make-up of the trains or

to run trains a porticn of the distance.

By comparing the statements in the laoy

rwe paragrarhs, it will be seen thet 1f the

trains are fully leaded at West Fhlladelphia,

they will be only lightly lcaded at Faoli.

Now, since the weight of a passenger car is co

creat in proportion to the lcad i" carrics.

the power required to prepel it will b&gt; nrachi-

cally independent of 1ts live load. Therefore

gine 71 rcsengenr lead of the car decreases 3.

iL *m nache; Faoll the power required per

passer~er wil’ be increased. It 1a evident

that iT some method of eliminating lightly

ADD«55

loaded cars can be cevised, ( saving in power

rer passenger will te effected.

Two metheds of making this s virg suggest

themselves. First, local trains might be run

tc and from some staticn or stations which are

near to Philadelphis, while the territcry be-

vend these staticns might be served by trains

which shall run express from Philadelphia to



to the station o&gt; stations to which the locals

run and then run local the rest of the distances

to Pacll. For instance, locals might be run

between Bryn Mawr snd Philadelphia while the

territory between Bryn Mawr and Paoll aight be

served by tralns which shall run lccal between

Bryn Mawr and Paoli and express between Bryn

Mor and Philadelphia, An obvicua Cisadvantag

of this arrangement 1s the incoanvenlence whicl.

gould require psssengers desiring to gg from

some station on one side of Lryn Mawr Lo © £'1-

tion on the other side, to change trains o

Bryn Mawr. However, a small percentage of the

trains micht pe cperated in this manner witlhiout

causing appreciable inconvenience.’ Another

objection to this srrangement is that the num-

ber of multiple unit trains is doubled and

conseguently the already crowded tracks would

be congested by the extra trains-

eneond method, which wil” &gt; 7a

convenioncy 1. prssengers, ia to

from each Lv.) .  ooretain points 0 0

from lc SL Paoli and to pie’: thes

cars uv. 0° "ia ~~ "rin from Paoli to Phila-

delvhia, This method will require {rack



creoss~cver and cor guorage facilities. Since

the droppingc¢.cars wi. couse © cert

amoun.. ¢” deley and sincc the whe (Istonc

cf thie run is only twenty miles. it woull "3C

had” nrecticable to drcep and pick us cnr, ad

mor: then one point. It weculd appear from

conclderation of the traffic distributicn thod

the point at which cars should be dropped and

pleked up should be about half-wey from Philc-

delrhia to Paoli. Bryn Liawr is at this poirt ’ NTT Ba 13 Co fA wei

and possesses cther advantages which will ho

described under another heading



DAT... REQUIRED BY THE INVESTIGATION

Pow~ D+,

find Uh» pow( savirreTr mo.

in~ ony of thie aforementioned changes, &amp;° ~~

first neececsary to find the presen pnmeos =

quirements of the division. Sines 77&gt; nef

which it seems advisable te dro™ e-&gt; ~~ = = 7.

Ia order to

yoy from Philadelphia to Paoll end eins Bryn

llawr ir et this point, it is dccirable for the

purpose of further comparison to get the ratio

of power per passenger mile of that section ex-

tending from West Philadelphia to Bryn Mawr to

that section extending from Bryn Mawr to Paoli.

Cn diagram No. 10 these two sections are APD JAl &amp; AZ

numbered respectively 200 and Z00.

In order to get the ratio of power ner

pe.ssenger mile in the two sections. it was n- RS
#

essery to obtain power data for eacli section.

To do U's certain changes in the el.ctiricsal

switching were necessary. In the ©" place

iv vo eeerzor to separates tr Ae Wires

a.ouvigder Twvm La ~ .

tion. oer the °° - 5&amp;0 a  —~
Edt 1 .

Mawr which separate ihe two sections, =

|.

ai .

Roa Ne





vas necessary in this instance. Also iv was

necescary to separate the 100 and 200 section

trolley wires. This was done by opening the

section break switches on signal bridge 1.3

miles from Broad St. Next, it was necessary

to meke changes in the substations in order

APD A=2

that the energy (kilowatt power) input to each

section might be measured in the substation.

Substations No.l and No.3 feed the 200 section. DD JA]

Substation No.l feeds the 200 section thru

fceders 204 T and 201 T. In order to measure EDD JA =]

the output thru these two feeders it war necs-

sary to install o watt-hour meter fo ear”

feeder. These two watt-hour meters, thor —
aed’ —Y

App .A-1

ADD .D

sure +2 input of Substation No.l to the 200

section.

TO oo. whe inp. 7 Substation N¢ “the

200 section it was first necesssry to have

switch FF in the 11000 volt bus open. However,

since this 1s normally open, no change was nec-

agssary. Then, a watt-hour meter was installed

to measure the input to transformer No.3, and it

APD A -1

can be seen from the diagram that it conseguent-

ly measures the total output of the substation A PD ® 1





to the 200 secticn. © course. this includes

the transformer losses but the cfficiency 1-

so high tha’ thc small rroulting error will b:

well within the precision of the final results

To sump ur, the two watt-hour meters in-

gtr Ted in Substation No.l and the one watt-

hour meter irstelled to give the input to

transformer No.2 in Substation No.3 will +o- Dr

cether give the total input to the 200 grt 0»

The 300 gaoction i ~»en1ied bv Subs” -

tics Neo. Ne ®t 77 Svh~tation No 7

shielhh 1

is tfec int

Thi. substc’ Pt

sotorn widel £m pun at pC o-. feo i moa

pose c* power fontor cerrection. Tr Pew

TP LA=L &amp; A-

improve the power focvor on the vhe ~~ “rm.

it is not reasoneble to charge the po»r-~-

quired to run these motors to the 300 section.

Therefecre, it is necessary to subtrac” the

snergy taken by these twe motors from the

Lbotal input to the ECM gection. Since, in

this substation there are two watt-hour meters

cach measuring the input to cone motor, ihe DY eA el





two ¢T them will measure SAC votal energy

taken by the station.

The total output ~Dstavi  SC nN10 App A=]

measured by © watt-hour meter which is i~-

stalled vith 1t0 current coil in the pai” Tae

Therefr™ The input ¢7 +77 pedyedott

ro. 3 a = — i
CTA ae peed Y2C Te cna oe[Le Ne

ES po" Am _— .ed Torn

-

BE

KIT reef Ten

whi. meas”

mn ee m=
FT Cet

“vr innit, "ie substation to

ry

526

the 200 scot

No &gt;!

cm J uabstavion

 ot. dhe 300 gee’ tr regents certaln com-

IA mT ¢ Y © one geowepNO ] Yop \ |

nlleationss In the £71 place this substanics

supplies the Panli Yord with power. In orier

to eliminate thie power taken by the yard, 1°

mar found necessary to measure th actual 1-- pp. D

put to the yard. This was done ir t~ foloow

DD A ~]

ing manner: Switches PAS and PAL were opened.

Inside the cubstation. switch FF in the 11000

DD eA =

volt bus was opened and the gwitch in trolley

feeder» ZN” wax opened. This arrangement lef,

sonditions as that transformer No.3 sunnlied

power to the yard and the power house. A watt





hour meter in the power house gave the power

supplied to the power house by transformer

No.3. while a watt-hour meter was installed

to measure the input to transformer No.3.

Thus the difference of the readings of these

two watt=-hour meters gave the input to the

yard. A watt-hour meter © Installed with

ite current coil in the »~°.. bus in such =

manner that it measures the input of the sub-

station to the yord and the 300 section, but

does not measure the input to the two 2200

volt lines running to the power house. There-

fore. the input of this substation to the 300

section will be that measured by this watt-

hour meter less the input to the yards.

The total net input to the 300 section

ill be the sum of the input of substations

No.3 and No.4 to this section less the energy

taken by Substation No.5, the condenser sub-

station.

Apps D

Period of Taking Power Data.

ith regard to the period over which

readings should be taken, it is obvious that

the longer the period the better the results.



But since one week was all the time that was

available for taking readings it was necessary

to limit the period to one week. In order to

minim?ze the effect of electrical failures on

the system and the consequent nullifying of

resulta due to necessity for changing the elec-

trical switching set up outlined above, read-

ings of all watt-hour meters were taken every

day. Thus, if anything went wrong on any par-

ticular day, that day's readings could be re-

jected without affecting those for the other

days. During the test there was one instance

of this; namely, the day of December 30.

Furthermore, it will be noted that the re d-

ings for January first and second are combined.

This is due to the fact that the readin .°

the two meters in Substation No.l were not

taken during the interval between January

first and second

Obviously the besv vm take readings

App .D=2

is at that time of night when no multiple unit

tralns are operating. This was done. To take

readings at any cther time would require the

simultaneous reading of all meters, which is



impracticable.

By referring to the data in the appendix,

it will be seen that the kilowatt hours con-

sumed in each section are presented fo: the

days of December 26, 27. 28. 29. 31. and com-

bined Januerv 1 and 2- T* ’‘neludes one

Sunder emma

ance from the ovher ¢&amp; - “

“ -

®

Apr. D
App. E=2



Passenger Data:-

It was not possible to get the distribu-

tion yogsengser traffic in the twa sections

from ~~ ~¥istipr records. In order +t. obtain

thig dota. it wee necessary for one man to ride

on &lt;. train between West Philadelphic and Paoll

and count the number of passengers on the

train after it had made a stop. The ideal = J

of obtaining this data would have been to hava

a man on every train for every day that power

readings were taken. But the number of men

required to do this was so large as to make it

imnracticable. Since only one man was availl-

able for this purpose, it was necessary to

assume that the distribution of passengers

was the same for each day of the week.

Furthermore, it was impossible for this mm" to

obtain data for the passenger distribution on

every train. so it wea necessary to make the

further assumpntion that the figures for trains

on which he did obtain data will. when summed

up, give : distribution which 1s representa-

“DLs

Lh ID »

 DO

A-=8

tive. Since about 50% of the trains were cov-

ered it 1s seen that the error from this



source will not be large when 1t is also ro-

membered that the trains covered wer dlstri-

buted evenl~over each day and the whole week

Since the same assumptions hold for both

the 200 and 300 sections, it will be seen that

the resulting error in the ratio of power per

passenger mile for the two sections will be

small.

Car Dv

Fram data taken 7° every conductor on ADD ohamD
ADD JAB

svery train for every day during which power

readings were taken, it was possible to find

the total number of car miles in both the 200

and 300 section for each day of the test.

This data taken by each conductor. end ob-

tained by us from &gt; Superintendent of Car

se-’ce. consisted of the number of cars on

sachi trein. Thus r multiplying the number

of cars by the known distances which they

travelled the number of car miles is obtained.

Since from the power readings the energy

consumption in each section is known for each

day, it is possible to find the energy con- APP «E-2

LPT JE?

sumption per car mile in each section. As

no assumptions are made here, the figure for



the energy consumed per cor mile will be

exact, within the limits of meter accuracy.

which is so high that it makes no difference.

However, 1t must be remembered that the energy

consumed per car mile is measured at the

substations and so includes the losses in the

trolley wires.

The cost of mainv.enance per car mile wac

obtained from records of the car maintenance

APP e B-3

department.



INDICATIONS GIVEN BY DATA

Power Date *=

By taking the average of the dally ratic

of kilowatt-hours for the 200 and 300 section

it is found that the 200 section takes 1.30 DD+E=2

times as much power as the 300 section. This

figure in itself has no particular signifi-

cance with reference to the problem in hand.

It is only useful in connection with the pas-

senger distribution and car mile data.

Passenger Distribution:-

© eurve has been drswn wi’ oo . A oe an ASTUTT2C ULE ! ID A~S

numbe~ of nassengers which ar’ on

eacl ptation i. “erms oo" the per cent of the

maximum number of passengers on ¢ train dur-

ing a trip. This curve is not for one parti-

cular train but ig an average for all trains,

both inbound and outbound. It is seen that

the maximum rumber of passengers occurs be-

tween 52nd St. and Overbrook. Fifty-second

St. is the next station west of West Phila-

delphis. At Bryn Mawr, which is half way be-

ADD SG 175

tween West Philadelphia and Paoli, 42.7% cof



tlie maximum number of passengers are ol

* - ; : of of

brain, while at Paoli 14,75 cf thn maximum ere

cao Crain. In general the curv 1 concave

 showing that the per cent change I~

the mms © passengers on © train « orv one

staticn, 1s less ithe nsarer the train 1s to

Paoli.

From ti 7°
a - a a 7

 ES .

- te -

p—— 3 3 Gey" 5

~ears thr en App edi = J
1

® &gt;
fF I

° Ym 2 oy “ 2 DEY NEY vy ~abo cne=third of the trains no pessengers

ier: taken con er discharged of Strafford or

Daylesford. From this fact 1 seems advisable

Lo make Strafferd a flag ston as well as

Daylesford for certain trains.

Maintenance Data:

The cost of car an 7 “enane 1° 5.0473

~ &gt; mpile. Sines UT vr

mumbo oT moe Te 00

Cc CC TonendentReGen

“mr the coal

ome

nt or vhen OF

Conger1=change which reduces tr

number of lightly leaded cars will reduc O°

© mee emmy mo ill te

Tet Poaded,

LA

cost of maintenance per psssenger mile,

Dropping Cars at Bryn Lawr:-

As previously pointed out it geems ald-



visable for west~bound trains to drop cars at

Rryn Mawr and for esst-bound trains to pick

them up there, because Bryn Mawr 1s half way

between Philadelphia and Paoli. But, still

more important is the fact that the Pennsyl-

vanie Rallrosd Company cwns land adjoining the

right of way ea! Bryn Mawr where 11 13 possible

to lay tracks for storage of cars dropped at

Bry Mor

By droprin~ ~~» Bryn Mawr. 77 Tollow-

ing savings will be cffected., First. there

¥31l be a saving in power which would other-

#l1se be used to take the cars from Bryn Mawr

to Paoli and return, and to make the inter-

mediate stovs. Secondly. there will be a gav-

ing in car maintenance, because of the car

miles saved by dropping cars a’, Eryn Mawr.

Lastly, the dropping of cars al Bryn Mawr ww’ "1

serve to lessen the peak lcad, which is on

important item.

App WA=5
App JA=5



RESULTS OF CALCULATIONS

Ratio of Energy per Passenger Mile,

Ry taking the total number of passengers

thet rode between each two adjacent stations

and multiplying by the number of miles between

the respective stations, the number of passen-

ger miles between each two adjacent stations

was obtained. The sum cf the passenger mile:

between all stations in the 200 secticn gave

the total number of passenger miles in the

200 section. Going thru the same procedure

for the 2C0 section gave tr total number of

passenger miles in the 7° r~~c¢ctior-

The number of pear nresag used © this

App 2=6

Ant ,Ra0

LrD B=

calculation 1s that counted during the week

of the test. Therefore, the number of passen-

ger miles in each section has no particular

significance. But their ratio will have a

real significance, which can be seen by re-

membering the manner in which the passengers

vere counted. This ratio is 2.92: that is.

there are 2,92 times as many passenger miles

in the 200 section as in the 300 secticn.



By dividing this ratio by the ratio cI energy

used in the 200 section to that used in the

300 section, the resulting ratio 1s 2.24 and

1s the ratio of energy per passenger mile in

the 300 section to that in the 200 section.

Thus between Bryn Mawr and Paoll, i* requires

2.24 times as much energy per passenger mile

as between Bryn lMnwr end Wes* Philcy “mhia.

~tnmec thie 2oti, 0 audit lanes S07

gvident thr “ro ° considercble emnortunity

for improvemen® ~~ ony reducticn of the ratic

wi’2 be wot ualT

Energy per Car [i&gt;

AS the number of car t- Yo for each doy ADT

of the test is known, the number of car miles

for each day in both the 200 and 300 secticn

can be found. Also, since the totel energy

used in each section is known for every day c.

the test, the energy required per car mile in

each section can be found for each day. The

aversge of these values is 8.45 kw.-hr nop

car mile in the 200 section and 5,0" kw ~hr-

per car mile 1. the 300 section. The chief

reason for this difference is the heavier



crades in the 200 section.

Saving by Dropping Cars ac Bryn Mawr,

The Pennsylvania Railroad engineers whc

have been working on this prcblem estimate

that. 50 cars may be cut off per day at Bry

May:&gt; This ~*~ cing of 986 car miles

Sof ~ energy ! t.onspe 7~xr. M or

per ree oP
- , - ~ ~c 2 = i ew wx ow

Cet F kyr - oho

App. E-3

mile gives =  ~meprgr cost of © N20

mile. Since the maintenance cost f° = “77

per car mile, the total cost of energy and

maintenance is $.0768 per car mile. On ¢ App ® E=3

bagis of 986 car miles per week day and hali

5s many on Sunday, the saving in cost of

maintenance and energy is $25,500 per ye--

by dropping cars at Bryn Mawr. Thig is o a

saving from which must be subtracted the I:1-

terest and depreciaticn on the yard facili-

ties at Bryn Mawr. The cost of the yard at

Bryn Mawr is estimated by the Company's engi-

neers at £94,000. With interest ~° ff and

deprcciation at 5% the cos! ¢' the yond

ver— nearly £10,300 per year Ther the net

saving is $15,300 per year by dropping cars

App oeLim



at Bryn Mawr. This. oi course, includes the

saving In energy and maintenance alone.

ns previously stated, 42.7% of the maxi- ADD AE

mun number of passengers are on &amp; train 8

Bryn Mawr, or in other words 57.3% of th~ cou

capacity 1s unused when a train leaves Bryn

Mawr 7.0 th direction of Pecli. Therefore,

theo" "e~7" 7 rm Le be possible Le er”

“of the errs °7 Brn Mawr. Bul there

arc ¢ "tain practi el considerations which

prevent this. From &amp; general standpoint, no

cars should be cut off a two car train, onc

car should be cut off a three car train. two

cars off four and five car treins, and three

cars off six and seven car trains. Making

cenerous allowance for this, it seems reason-

able to state for purvoses of calculation that

40% of the cars might be cut off at Bryn Mawr.

This is nearly 20% less than the thecretical

57.3%.

TON IC number vo grr mo tte

te” fre Bryn Mewr to Paoli and return per

day 7 70 with half as many on Sunday Cui=-

bing of. 40% of them would be 68 cars per week

™"

App. C



day and CZ" cn Sunday. This is 18 more than

estimated by the Company's engineers. Using

thig figure of 68 instead of 50. the gross

saving in energy and maintenance costs is

134,800 and the net saving is $24,500.

Another saving that might result from

the dropping of cars at Bryn Mawr ies in train

Lr* td |

crew or platform charges. But this item is

too indefinite to be calculated within reason-

able limits. Still another and more important

seving is in the peak load charge which is

$1,825 per kw.-hr. for the average of the

three highest peak hours of a month. This

rate holds at £1.25 up to where the reak load

hour consumption becomes 12.000 kw.-hr. From

12.000 to 15,000 kwe~hr. for the pesk load

hour consumption, the charge is fixed at

$15,000 per month. After the pesk lcad hour

consumption reaches 15,000 kw,-hr. the charge

becomes $1.00 per kw.-hr. for the average of

the three highest peak hours of the month.

Peak Load Hour Saving.

By cutting off cars at Bryn Mawr in the

manner previously stated, it is found that



"

thet 159.6 cer miles will be saved during tine

peak load hour. This mesns a saving of 942

App A=5 &amp; 6

kwe.~hr. Thus the peak load hour consumption

is reduced by 942 kw.-hr. But at the present

time this will mean no saving in the peak

local charrse becouse the peak lo~d hr: con-

sumption ir raw het~ran 12.000 and 74 CO kw.-

hr., and the charge i~ constant at $15.C00

per month when the peak load hour consumption

is between 12,000 and 15,000 kw.-hr. There-

fore, the peak load hour consumption would

have to be reduced to the limiting value of

%12.942 kw.-hr. before any saving in peak

load charge would begin to be affected. How-

ever. there are a few months in the year when

thie peak load hour consumption does fall con-

siderably below this value and then &gt; very

material saving would come into effect.

CON ul" TON

[.) conclusion, we recommend tha. al,

leas’! 68 cers per week day and 34 cars per

Sunde” be cut off at Bryn Mewr. Alsce

recommend that otrafford, as well co, Dryles-

ford.be made 0 flag stop fo a number of trains



Appendix A

This appendi~ consists of diagrams only.

The first. on page A=? 1° general diagram

of the section: tested. 7 Iindicotes © watt-

hour meter, the large numeral followin~ indl-

cater the stetion in which the meter ic Iin-

stalled and the subscript numeral is the met:

nurber in tre station. “W=-H" section breaks

are the dividing line between the 200 and 300

sections»

Pages A~7 and rH=_ apr’ 3vraight line time-

tebles for the 300 section during the morning

and night rush hours.

Pages a~5 and A= show the car densities

at present and as proposed during the same two

hours as the preceeding plots.

On A=7 snd A-8 are plots ¢° nissenge-dcena-

sity against distence. Page A-7 1s tha"

obtained from ticket sales from Broad St. Sta-

tion and does not include passengers riding

between intermediate stations. Page A-2 ic

plotted from data obtained by actual count of

passengers on trains but does not include ever;

train olf + day. However it does give a very

good idea of what the passenger density really

&gt;
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