
New Signaling Across the Great Salt Lake

Describing an Installation of A. C. Automatics

on the “Lucin Cut-Off ” on the Southern Pacific

By R. D. ASHLEY

General Signal Foreman of A. C. Construction. Southern Pacific

The Southern Pacific has just recently completed an

installation of A. C. automatic block signals on the "Lucin

Cut-OR," which territory is probably not equaled for un-

favorable conditions for track circuit signaling anywhere

in this country. This condition is due to the extremely low

resistance of the ballast and the consequent heavy leakage

between the rails, caused by the salt and alkali on that por-

.\lountain there is a 600-ft. trestle which allows the waters

of the Bear River, and numerous springs which empty into

the east prong of the lake, to pass out into the main body.

There is, flowing through this trestle, an extremely strong

current and in the winter and spring large quantities of ice

are present, necessitating the construction of a 630-ft. span

in the pole line at this point. as shown in Fig. 2.

Fig. 1. The Transformer House on East Side of Salt Lake.

tion of the “Cut-Off" which is in the Salt Lake Desert and

by the salt and soda deposit which forms on the tracks on

the fill across Great Salt Lake.

The "Lucin Cut-Off" is a straight line track extending

from Lucin, or more properly, Umbria Junction, east to

Ogden, Utah, a distance of 104 miles. Of this distance 37

miles. from Beppo to Lakeside. is in the Salt Lake Desert;

34 miles, from Lakeside to Little Mountain, is across Great

Salt Lake and is composed of 19 miles of rock fill, 12 miles

Fig. 2. Showing the 630 ft. Span Over the Bear River Channel.

Direct current signals were first installed in this territory

but were not satisfactory, owing to the leakage conditions

named above, it being impracticable to supply sutficient power

to the track circuits by batteries. And after some prelimi-

nar_v experiments and tests on some of the worst of the track

sections, with a portable power plant, composed of a gasoline

engine and a single phase, 25-cycle alternator, mounted in

a box car, it was decided that the track circuits through this

territory could be satisfactorily worked with alternating cur-

Figs. 3 and 4.

Showing (on the left) a Signal Location on Double

Track on the West End of Salt Lake Fill, and (on the right)

an 11,000 Volt Oil Switch Location.

of trestle (located in the middle of the west prong of the

lake); and three miles of main land across Promontory Point.

At a point midway between Promontory Point and Little

Figs. 5 and 6. Showing (on the left) a Multl-Gap Lightning A_r-

rester Location In the Salt Lake Desert, and (on the right) a

Transformer Location in the Salt Lake Desert.

rent. Accordingly authority was granted for installing a

system to use A. C. track circuits and D. C. signals, with the

exception of about five miles of double track on the west end
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New Signaling Across the Great Salt Lake 
Describing an Installation of A. C. Automatics 
on the "Lucio Cut-Off" on the Southern Pacific 

By R. D. ASHLEY 
Ge neral Siirnal Foreman of A, C. Construction, Southern PacHi c 

The So ut he rn Pacific has ju st rece n t ly co mpl ete d a a 
insta lla ti o n o f A . C. au to matic b loc k ig nals on th e " Lu cin 
Cut-Off."' wh ich territ ory is probab ly not equaled for un ­
favorable condi tions fo r tr ack cir cuit signaling anywhere 
in th is co unt ry. Thi s co ndi t io n is du e to th e ex tr emely low 
res ista nce of the ba llas t and the co nse qu ent heavy lea kage 
betwee n t he ra ils, ca used by the sa lt and a lk a li on th a t p or-

Fig. 1. The Trantformcr House on Eaat Side of Salt ILake. 

tion of th e '"Cut- O ff" which is in th e Sa lt L ake D esert and 
by the salt and so da depos it whi ch fo rm s on th e tra cks on 
the fill across Great Salt Lake. 

Th e ·' Lu cin Cut-Off " is a strai ght lin e tr a ck ext endin g 
fro m Lu cin , or mo re pr operly , U mbria Juncti on , eas t to 
Og den, Uta h , a di st anc e of ro4 mil es. O f thi s di stan ce 37 
miles, fr om Beppo to Lakeside. is in th e Salt Lak e Dese rt ; 
34 mi les, fr o m Lak es id e to Littl e M ount a in, is acro ss Great 
Salt L ake and is co mp ose d of 19 mil es o f r oc k fill , :12 mil es 

Figs . 3 and 4. Showing (on the left) a Signal Location on Double 
Track on the Weat End of Salt Lake Fill , and (on the right) 
an 11,000 Volt 011 Switch Location. 

of t rest le (lo cat ed in t f1e middl e of th e west p ro ng of th e 
iake) ; and thr ee miles of mai n land across Pro mont ory Po int. 
At a point midw ay between Pr omonto ry Poi nt and Littl e 

Di 

Mount ain th ere i-s a 6oo-ft. tr estle which allows th e waters 
of th e Be ar Ri ve r, and num ero us sp rin gs whi ch empt y in to 
the eas t pr ong ~f th e la ke, t o pass out int o th e main bo dy . 
Th er e is, flowin g th ro ug h thi s tr es tle, an ex tr emel y str ong 
curr ent and in · th e wint er and sprin g la rge quantit ies o f ice 
are pre sent , necess itatin g the const ruction of a 630-ft . span 
in the po le lin e _at thi s po in t. as show n in F ig. 2. 

Fig. 2. Showing the 630 ft. -Span Over the Bear River Channel . 

Dir ec t curr ent s ig nal s were fir s t in stall ed in thi s territory 
but were not sa ti s fact ory , owin g to the leaka ge co nditi ons 
nam ed ab ove, it bein g impra cticabl e to supply sufficient power 
to th e tra ck cir cuit s by batt eries. And a fter some pr elimi­
nar y exp erim ent s and tests on some of the worst o f the tr ack 
sections, with a port able power plant , compose d of a ga so line 
eng ine and a s ing le ph ase , 25-cycle alt ernat or , mounted in 
a box ca r, it wa s decided that th e track circuit s thr oug h this 
territ o ry could be sa ti s facto rily work ed with alt ernatin g cur-

Figs . 5 and 6. Showing (on the left) a Multi-Gap Lightning A.r· 
rester Location In the Salt Lake Desert , and (on the right) a 
Transformer Location In the Salt Lake Desert, 

r ent. Acco rd ingly aut hori ty was g ra nt ed for in s ta llin g a 
sys tem to use A. C. tr ac k circuit s and D. C. s ig nals, wi th t he 
excep ti on of abo u t five m iles o f do uble tr ac k o n th e west end 
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of the Salt Lake fill. where A. C. signaling is used exclus-

ively.

This installation, which covers a total of 74 miles of line,

lake with 11,000 volts, and accordingly, a transformer house

was located close to the shore on either side of the lake to

step the voltage down to 2,200. The transformers in these

/_\ ' -L
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;: II ' il
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is divided into two parts. one on either side of the lake and

extending into it as far as the trestle, on which the signals

are at the present time worked by D. C. track circuits. The

line west of the lake running from Beppo to Rambo, a dis-

tance of 44 miles, is fed from an oil-burning steam generator

plant at Lcmay. This plant is in duplicate in every respect

to provide against break-downs, and is equipped with Allis

Chalmers 75 K. V. A., 25-cycle, single-phase alternators,

‘direct-connected to 125 H. P. Skinner reciprocating engines,

generating current at 440 volts which is stepped up to 11,000

and delivered to the line in either direction from the power

house. The line east of the lake is supplied at 11,000 volts

from a D. C.-A. C. motor-generator substation at Ogden.

receiving the D. C. power at 250 volts from the railway shops

power house. The apparatus in this substation is also in

duplicate to insure continuous service.

The Lemay power plant is designed to supply power for

150 miles of double track A. C. signals, which it is theinten-

tion of the company to install in the near future, and which

accounts for the large capacity of the sets.

Fig. 8. The Lemay Power House.

The power line is of No. 6 Copper-Clad wire. 47 per cent con-

ductivity, on the land and of No. 4 solid copper over the

lake. The pole line on the lake itself is, more properly speak-

ing. a pile line driven 100 ft. from the track with eight-foot

cross-arms placed 30 ft. above the water. These distances

were necessary on account of the spray, blown from the till in

times of storms, which is so heavily laden with salt that if al-

lowed to deposit on the cross-arms and insulators might cause

a heavy leakage between the wires and possibly short-circuit

the line.

Owing to this possible deposit of salt and soda which forms

slightly in that atmosphere regardless of any spray on the

-line it was not thought advisable to supply the line over the

1-Ill!

.

.# .

aft

.4

l -

Fig. 7. Typical Circuits Showing A. C. Track Circuits

houses are in duplicate and connected to the line on either

side through oil switches.

The line is protected every 10 miles or less by lightning

arresters. In the power house, substation, and transformer

houses, \\/estinghouse electrolytic arresters are used and at

other places along the line the General Electric multi-gap

type were installed. The line is deadened on strain insulators

and sectionalized by pole mounted oil switches every five to

Fig. 9.

Double Track Transformer Location on the Fill.

10 miles, depending on conditions that are peculiar to the

installation. Twenty-five thousand volt strain insulators and

15,000 volt brown glaze porcelain line insulators were used.

The difficulties connected with constructing a 2200-volt line

across Great Salt Lake cannot be readily appreciated by any-

G
e
n
e
ra

te
d
 f

o
r 

Jo
n
 R

 R
o
m

a
 (

U
n
iv

e
rs

it
y
 o

f 
Ill

in
o
is

 a
t 

U
rb

a
n
a
-C

h
a
m

p
a
ig

n
) 

o
n
 2

0
1

3
-0

5
-0

1
 1

9
:0

2
 G

M
T
  
/ 

 h
tt

p
:/

/h
d
l.
h
a
n
d
le

.n
e
t/

2
0

2
7

/c
h
i.
1

0
3

5
9

0
2

9
1

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le

220 THE SIGNAL ENGINEER Vol. 6, No . 7 

of th e Salt Lake fill, where A. C. signaling is used exclus­
ively . 

This installation, which covers a total of 74 miles of line, 

,, tT !t,l ,, lJ:J 'to' 

is divided int o two parts , one o n either side o f the lake and 
extending int o it as far as the tr est le , on which the signa:s 
are at the pre se nt time worked by D. C. track circuits. Th e 
line west of th e lake runnin g from Beppo to Rambo , a dis­
tanc e of 44 miles, is fed from an oil-burning steam ge nerat or 
plant at Lemay. This plant is in duplicate in every respect 
t o provide against break-downs, and is equipped with Allis 
Chalmers 75 K. V. A., 25-cycle, single-phase alternators, 
dire ct-c onne cted to 125 H. P . Skinner re ciprocating engines, 
generating current at 440 vo lts which is stepped up to 11,000 
and deliv ered t o the line in either dir ec tion from the pow er 
house. Th e line east of the lake is supplied at I 1,000 volts 
fr om a D. C.-A. C. motor-generator substati on at Ogden , 
re ce ivin g th e D . C. powe r at 250 volts from th e railway shops 
power house. Th e apparatus in thi s substati on is also in 
duplicate to in sur e co ntinu ous service. 

Th e L ema y power plant is designed to supply powe r for 
150 mil es o f double track A. C. signals, which it is th e ·int en­
tion of the company to install in th e near future , and which 
acco unt s fo r the lar ge capacity of the se t s. 

Fig. 8. The Lemay Power House. 

The power line is of No. 6 Coppe r-Clad wire, 47 per cent con­
du ctiv ity, o n the land and of No . 4 solid copper ove r the 
lak e. Th e pole line on the lake it self is, more properly speak­
ing. a pile line driven 100 ft . fr om the tra ck with eight-foot 
cr oss-a rms placed 30 ft. above th e water . Th ese distances 
were necessa ry on account of the sp ray , blown fr om the fill in 
tim es of storms, which is so heavily laden with salt that if a l­
lowed to deposit on th e cross -arm s a nd insul ato rs might cau se 
a heavy leakag e betwee n the wires a nd possibly sh ort- cir cuit 
th e line. 

Ow ing to this possible dep os it of sa lt and soda which fornH 
sli g htl y in t hat atmosp here r ega rdl ess of any sp ray on th e 

· lin e it was not th oug ht advisable to supp ly th e line ove r the 

lak e with 1 r ,ooo volts. and accordingly, a transformer h ouse 
was loc at ed close to th e shore on either side of the lake to 
step the voltage down to 2,200. The tran sfo rmer s in th ese 

...&.._. 

: ,, 
I~:; 
1.1.,.1 

~Li~ wY 

Fig. 7, Typical Circuits Showing A. C . Track Circuits 

houses are in duplicat e and co nn ected to th e line on either 
side thr ough oil switche s. 

The line is protected every IO mile s or less by lightning 
arresters. In the powe r house, substatio n, and tr ansfo rm er 
ho uses, Westinghouse electro lytic arresters are used and at 
ot her place s along the lin e th e General E lectric multi-gap 
type were install ed. The lin e is deadened on s train in~ulat o r s 
and sect iona liz ed by pole mounted oil sw itc hes eve ry five to 

Fig. 9. Double Track Transformer Location on the Fill, 

10 mil es, dependin g o n co ndi t ion s th at are peculiar to the 
installati on. Twe nty-five th ousa nd volt str ain insulators and 
I 5,000 vo lt brow n g laze porc ela in lin e in sulato rs were u sed. 

The difficulties co n nected w ith co nstructin g a 2200-volt li ne 
acr oss Great Salt Lak e cann ot be readily app reciated by any-
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one who is not familiar with that particular body of water,

but suflice to say that, owing to the high specific gravity of

the water, if the lake is at all rough it is not safe to attempt

to use either a launch or a pile-driver and that during the

process of construction. difiiculties were encountered that de-

manded arrangements that are unprecedented in the history

might come from the adjacent section. The possibility of

trouble from this source is further reduced by having ad-

jacent circuits of opposite polarity.

The 11,000-volt and 2,200-volt currents are stepped down to

I10 volts through Westinghouse one K. V. A. line trans-

formers, for the signals and relay fields, and then change

1.QM(-.,

With D, C. Llne Controlled Signals on Slngle Track.

of signaling. Problems had to be solved, and the fact that there

were no similar installations made their solution all the harder.

The signals are line controlled, the control wires being

carried across the lake in a five-conductor cable on a %-in.

steel messenger. On the land, open wires were placed on sepa-

rate cross-arms three feet below the high tension wires.

The track is bonded with Copper-Clad bond wires and cut

into 2.000-ft. sections with transformers at every alternate

Fig. 10.

A Double Track Relay Locatlon on the Flll.

location feeding both directions. Each track section is fed

through a separate reactance. This arrangement requires the

least number of track transformers and places the relays at

adjacent ends of the track circuits, thus minimizing the possi-

bility of a relay holding up through any leakage current that

from 110, through a separate transformer, to the proper

voltage required for each track circuit, which varies from 2.3

to I5 volts, depending on the condition of the ballast.

The two-element radial contact type of track relay is

used with I10-volt fields. These together with the signals

and other track appliances are of the Union Switch and Sig-

nal Company’s manufacture.

It may be interesting to some to know that the normal

load at the Lemay plant, as shown by the watt-meter on the

switchboard, is, under the present arrangement, only five

kilowatts. This load is divided practically as follows:

One-half KW, exciting current in the 75 K. V. A. trans-

former; 2'/Z KVV on the 11,000-volt line between Beppo and

Lakeside, and two KVV on the 2,200-volt line between Lake-

side and Rambo, which supplies power for the five miles of

double track mentioned above.

The leakage resistance between rails in the territory be-

tween Beppo and Lakeside is, as near as has been deter-

mined, 1-6 of an ohm per 1,000 ft., and on the fill it runs

Flg. 11.

The Engine Generator Set, Lemay Power House.

lower than the instrument can measure. From the observa-

tions made thus far, it goes at times to less than .05 of an

ohm per 1,000 ft. This extremely low resistance occurs only

when the tracks are wet with spray, but as this is liable to be

the case at any time it must be considered as the regular con-

dition in making adjustments of the track circuits.

Perhaps this low resistance between rails will be more

easily understood when it is known that in times of storms

sufficient water comes over the fill to keep the ties completely

submerged, which fact, considered in connection with the

following analysis of the waters of Great Salt Lake, seems

to verify the statement in the first paragraph in regard to

the unfavorable conditions for track circuit signaling. The
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one who is not familiar with that particular body of water, 
but suffice to say that, owing to the high specific gravity of 
the water, if the Jake is at all rough it is not safe to attempt 
to use either a launch ·or a pile-driver and that during the 
process of construction, difficulties were encountered that de­
manded arrangements that are unprecedented in the history 

With D. C. Line Controlled Signals on Single Track. 

of signaling. Problems had to be solv ed, and the fact that th ere 
were no similar installati ons made their soluti on all the harder. 

Th e signals are line controlled , the control wires being 
carr ied across the lake in a five-conductor cable on a ¼ -in. 
steel messenger. On the land, open wires were placed on sepa­
rate cr os s-arms thre e feet bel ow the high tensi on wires. 

The track is bonded with Copper-Clad bond wire s and cut 
into 2,000-ft. sections with transformers at every alternate 

Fig. 10. A Double Track Relay Location on the FIii . 

location feeding both directions. Each track section is fed 
through a separate reactance. This arrangement requires th e 
least number of track trans formers and places the relays at 
adjacent ends of the track cir cuits, thus minimizing the possi­
bility of a relay holding up throu g h any leakage curr ent that 

might come from the adjacent section. The possibility of 
trouble from this source is further reduced by having ad­
jacent circuits of opposite polarity. 

The II,ooo-volt and 2,200-volt currents are stepped down to 
110 volts through Westinghouse one K. V. A. line trans­
formers, for the signals and relay fields, and then change 

from 110, through a separate transformer, to the proper 
voltage required for each track circuit, which varies from 2.3 
to 15 volts, depending on the condition of the ballast . 

The two-element radial contact type of track relay is 
used with IIO-volt fields. These together with the signals 
and other track appliances are of the Union Switch and Sig-
nal Company's manufacture. · 

It may be interesting to some to know that the normal 
load at the Lemay plant, as shown by the watt-meter on the 
switchboard, is, under the present arrangement , only five 
kilowatts. Thi s load is divided practically · as follows: 
One-half KW, exciting current in the 75 K. V. A. trans­
former ; 2½ KV/ on the I 1,000-volt line between Beppo and 
Lake side, and two KW on the 2,200-volt line between Lake­
side and Rambo, which supplies power for the five miles of 
double track mentioned above. 

Th e leakage resistance between rails in the territory be­
tween Bepp o and Lakeside is, as near as has been de ter­
mined, 1-6 of an ohm per 1,000 ft ., and on the fill it runs 

Fig. 11. The Engine Generator Set, Lemay Power House. 

lower than the instrument can measure. From the observa­
tions made thus far, it goes at times to less than .05 of an 
ohm per 1,000 ft. This extremely low resistance occur s only 
when the tracks are wet with spray, but as this is liable to be 
th e case at any time it must be con sidered as the re gular con­
dition in making adjustments of the track circuits. 

Perhaps this low resistance between rails will be more 
easily understood when it is known that in times of storms 
sufficient water comes ov er the fill to keep th e tie s complet ely 
submerg ed, which fact, considered in co nnecti on with the 
fo llowing analysis of the waters of Great Salt Lake , seems 
to verify the statement in th e first para g raph in re gard to 
th e unfavorable conditions for hack circuit signaling . The 
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Fig. 12.

Map Showing the Lueln Cut-off.

specific gravity of the lake water varies with the seasons, be-

ing lightest in the spring and heaviest in the fall. The sam-

ple fro1n which this analysis was made was collected in Octo-

ber, 1903.

Specific gravity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..1.2206

Per cent.

Total solids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..27.72

Constituents.

Chlorine (Ci) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..15.27

Sulphate (SO) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.86

Magnesium (Mg) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.155

Calcium (Ca) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.045

Sodium (Na) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9.58

Potassium (K) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.73

The above analysis was made at the University of Utah,

Salt Lake City.

TESTING OUT A SIGNAL INSTALLATION.

B\' R. Iii. PIIINNEY,

Assistant Engineer, Signal Department, Chicago & North-\Vestern.

In installing the signals between Harvard and Evansville.

I/Vis. (see The Signal Engineer for February, 1913), detailed

wiring plans were used from which the relay boxes were wired.

The boxes were wired in exact accordance with these plans, all

boxes being in this manner made similar in that the relays used

for the same purpose had the same position in each box, and

so that the points on the various relays were always used for

the same purpose.

The first check made was a so-called “mechanical" check. This

consisted of comparing the wiring of the relay boxes, signals,

etc., directly with the detailed wiring plans and the continuous

circuit plans to see that all apparatus and wires had the proper

position and that all wires were properly tagged. Where both

ends of a wire could not be determined b_v pulling it, a pair of

telephones were used for the checking. This check was made

on wires between signals and relay boxes, and between pole line

and apparatus. Anything wrong was immediately corrected.

The operating check was then made. The sections of signaling

between stations were first checked, and then the sections

through the station grounds. A portable magneto telephone set

was placed at each signal location and connected between the

common and ground wire. Conversation could be carried on

quite satisfactorily over these connections when the telephone

sets were in good condition.

One man, called the “director," had a sheet of paper ruled

off with lines and columns. At the beginning of each line was

a signal number, and at the head of each column, in order, were

the track relay and switch-box numbers. As it was not possible

to obtain a train for making an operating check of all the sig-

nals, two motor cars were used. The man with the head motor

car was provided with several short pieces of wire. He would

put the wire on the first track relay and the despatcher would

call for the position of all signals throughout the section under

test. The director would record the information and note cor-

rectness. And when all this information was received he would

..a,,_ .____

direct that the next track relay be shunted, and after this was

reported done, would direct that the shunt on the first track

relay be removed. \‘Vhen this in turn was reported done, the

director again obtained and recorded the information as to the

position of all signals. In this way the motor cars proceeded

through the section, and when they reached the station at the

end of the section the shunts on the track relays were removed

and the switches at that station thrown and the information

recorded. Then the motor cars started back and the information

was recorded in the opposite direction in a similar manner. If

a train was reported approaching, all tests were suspended: but

the shunts on the relays were left as they were until the train

had left the section under test. This left everything in the same

position as it was previous to the approach of the train. On the

last day a work train was obtained for a short time and the

test made with it. This test proceeded very much faster than

that with the motor cars.

The sections at the stations were tested independently of the

sections between stations. Here the switches were thrown and

the signals observed. The track circuits were also shunted and

the positions of the signals observed. The switch indicator cir-

cuits were tested by a man on a motor car who shunted each

track circuit, which afiected the indicators, and each indicator

was observed. Field glasses were used to very good advantage

in making the test on the straight track. I/Vith the field glasses

the signals could be seen sometimes for six or seven miles, de-

pending on the light.

In addition to the foregoing, local checks were made as fol-

lows: Each track relay was shunted to see that the 45-deg. con~

trol relay and the 90-deg. relay dropped properly, and that the

stick relay picked up, provided the signal was in the 45-deg.

position or higher, and stayed up while the 45-deg. control relay

was de-energized, but that it would not pick up by shunting the

track relay if the signal was below the 45-deg. position. The

stick relays were picked up and the opposing signals observed

to see that they assumed the zero position.

When all these checks had been made it was pretty certain

that the signals would operate properly. And they did.

A CREDITABLE PERFORMANCE.

The performance record of the automatic block signals on

the San Francisco 8; Oakland Terminal Railways. popularly

known as the “Key System," for the year 1912, shows a maximum

of 1,400,000 blade movements (45 deg.) per month, a minimum

of 940,000, and an average of 1,097,683.

The number of signal failures per 100,000 blade movements in

any month of 1912 showed a maximum of .74 and a minimum

of .16, with an average of .50, making only one signal failure

for every 200,000 blade movements of 45 degrees. This record

has been carefully kept each month, the number of movements

being registered by a counter attached directly to the signal

mechanism.

Before the installation of the signals (they have been in

service since February 18, 1911) the schedules were often de-

moralized on account of the dense fogs and congested traffic

conditions. Since that time, however, the trains have been

operated practically without delay and with entire safety under

all conditions of weather and trafiic.

IF THE THREADS ON A Bou‘ or nut are covered with rust, or

fit tightly, clean them out with a mixture made as follows:

Mix some powdered emery with any kind of grease and smear

the threaded parts, both inside of the nut and on the bolt, then

turn the nut on the bolt and run it back and forth over the

threads. This method will be found effective even in the most

stubborn cases.

A PiECE of old insulation from track fibre, smoothed flat.

makes a good contact breaker for switch boxes, and is handy to

wrap sandpaper around to clean contact.
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Fig. 12. Map Showing the Lucln Cut-off. 

specific g ravity of th e lake water varies with th e seaso ns, be­
in g lig ht est in the sp rin g and heav ies t in th e fall. Th e sam­
pl e fr om which this analysis wa s mad e was collected in Octo­
ber , 1903. 

Specific grav it y .... ...... ........ . ... . .......... . . 1.2206 
Pe r ce nt. 

T o ta l so lld s ..... . .. . . .. ............................ 27.72 
Co nstitu ent s. 

C hl or in e (Cl) . ... . ................. . ............ . ... 15.27 

~?1~~:!ruJis0ddg) .. _._._. _. _._. :::::::::::: :: :: : : : : : : : : : : : J:tt5 
Ca lc ium (Ca) .. . ........... . ..... . .. .. ............ .. 0.045 
Sod ium (Na) ............ .. .... . .. ... .. ..... ... .. . .. 9.58 
Potassium (K ) ....... ..... .. ....... ... ..... . ....... 0.73 

Th e above analysis was mad e at th e U niv ers ity of U tah , 
Salt Lake City. 

TESTING OUT A SIGNAL INSTALLATION. 
BY R. M. PHINNEY, 

Assi stant Eo11ioeer, Si11oal Department, Cbicairo & Nortb-,Ve strro . 

In in sta lling th e signals between Harvard and Evansville, 
\Vis. (see The S ig 11al E ugilicer for February, 1913), deta iled 
wiring plans were trsed fr om whi ch th e relay boxes were wired . 
The boxes were wired in exac t acco rdan ce with these plan s, all 
boxes being in thi s mann er made similar in that th e rel ays used 
for the same purpose had th e sa me position in each box, and 
so that th e points on the variou s rela ys were always used for 
the same purp ose. 

The first check mad e was a so-ca lled ·'mec hanica l" check. This 
consisted o f comparin g th e wirin g of th e relay boxes, signals. 
etc., dir ectly with the detailed wirin g plans and the continu ous 
circuit plans to see that all apparatus and wires had th e prop er 
position and that all wir es were properly tagged. Where both 
end s of a wire could not be determined by pulling it, a pair of 
teleph ones were used for the checking. Thi s check was marle 
on wires between signal s and relay boxes, and between pole lin e 
and apparatus. Anything wrong was imm ed iat ely correct ed. 

Th e operating check wa s th en made . The sections of signalin g 
betw een stat ions were first checked, and then the sections 
th roug h the station grounds. A port able magneto telep hone set 
was placed at each signal loca tion and connected betwee n th e 
common and gro und wire . Conversat ion could be ca rri ed on 
quite sa ti sfactor ily ove r th ese con nect ions when th e telephon e 
sets were in good conditi on. 

O ne man , called the "d irecto r," had a sheet o f paper rul ed 
off with lines and colum ns. A t th e beginning of each line wa s 
a signal numb er, and a t the head of each column , in orde r, were 
th e tra ck relay and switch-box num be rs. As it was not possible 
to obtai n a train for makin g an ope ratin g check of all the sig­
nals, t wo motor cars were used . The man with the head motor 
ca r was prov ided with seve ra l short pieces o f wire. He would 
put the wire on the first track relay and th e clespatche r would 
call fo r the pos ition of al l signal through out the section under 
test. The d irector would record th e informati on and note cor­
rectness. And when all thi s inf orm at ion wa s rece ived he wou ld 

direct that the next track relay be shu nted , and after this was 
rep orted done, would direct tha t the shunt on the first track 
relay be rem ove d. \Vhen thi s in turn was reported done, the 
director ag ain obtain ed and recorded the in formati on as to the 
position of all sign als. In this way the motor cars proceeded 
through the sect ion, and when th ey reached th e station at th e 
end o f the section the shunt s on th e track relay s were remov ed 
and the swit ches at that stati on thrown and the information 
recorded . Th en the moto r cars started back and the information 
was record ed in the opposite dire ction in a similar manner. If 
a train was r eported approaching, all te sts were suspe nded; but 
th e shunt s on th e relays were lef t as they were until the train 
had lef t the section und er te st. Thi s left everything in th e sa me 
position as it was previ ous to the approach of the tr ain. On the 
las t day a work train was obtain ed for a short time and the 
test mad e wi.th it. Thi s test proceeded very much fas ter than 
that with th e motor ca rs. 

Th e sec tions at th e stat ions were tested ind ependentl y of the 
sect ions between stati ons. Here th e switches were thr ow n and 
the signal s obse rved . The track circuits were also shunt ed and 
the position s of th e signal s obse r ved . The switch indi cato r cir­
cui ts were te sted by a man on a motor ca r who shunted each 
tra ck circuit , which affected th e indic ato rs, and each indica tor 
was obse rved. Field glasses were used to very good advantage 
in makin g the te st on the strai ght tra ck. ·w ith th e field g lasse~ 
the signals could be see n sometim es for six or se ,·en mile , de­
pendi ng on the light. 

In additi on to th e foregoi ng, loca l checks were mad e as fol­
lows: Each t rack relay was shunted to see that the 45-d eg. con­
tr ol r elay and the 90-deg . relay dropped properly, and th at the 
stick relay picked up, provided the signa l wa s in the 45-deg. 
po ition o r higher , and staye d up while th e 45-deg. contr ol relay 
was de-energized, but th at it would not pick up by shuntin g th ~ 
tr ack relay if the signal was below the 45-deg. positi on. Th e 
sti ck relays were picked up and th e oppos ing sig nal s obse rve <l 
to see that th ey ass umed the zero pos ition . 

When all th ese check s had been made it was pretty certa in 
that the signals would ope rate properly. And they did. 

A CREDITABLE PERFORMANCE. 
Th e perf orman ce reco rd of the automatic block signal s on 

th e San F ranci sco & Oakland Terminal Railways, popularly 
kn own as the "Key System ," fo r the year 1912, shows a maximum 
of 1,400 ,000 blade move ments (45 deg.) per month , a minimum 
of 940,000, and an average o f 1,097,683. 

Th e numb er o f sig nal failures per 100,000 blad e move ments in 
any month o f 1912 showed a max imum of .74 and a minimum 
o f .16, with an average of .50, makin g only one sig nal failure 
fo r every 200,000 blade move ment s of 45 degrees . Thi s r eco rd 
ha s been ca re fully kept each month , the number o f move ment s 
being registered by a cou nt er attac hed directly to the sig nal 
mechani sm. 

Before th e installation of th e signals ( th ey ha ve been in 
servi ce since Fe bruar y 18, 1911) the schedules were o ften de­
moraliz ed on acco unt o f the dense fogs and congested traffic 
conditi ons. Since that time , howeve r, the train s have been 
ope rated practically without delay and with entir e sa fety und er 
all conditi ons of weather and traffic . 

IF THE THREADS ON A BoLT or nu t are covered with ru st, or 
fit tightl y, clean th em out with a mixtu re made as fo llows: 
Mix some powdered eme ry with any kind of grease and smear 
the thr eaded parts , both inside of the nut and on th e bo lt , then 
turn the nut on th e bolt and run it back and forth ove r th e 
threads . Thi s method will be found effec ti, ·e e,·en in the mos t 
stubborn cases. 

A PIECE of old insul ation Trom track fibre, smoot hed flat. 
make s a good co ntact breaker for switch boxes, and is han dy to 
wrap sandpap er arou nd to clean conta ct . 
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