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OMBINED PHASE & DIRECTIONAL COMPARISON

CARRIER-PILOT RELAYS
TYPE EDD

INTRODUCTION

Panel Mounted: EDDI2J
Cabinet Mounted: EDDIZK

These instructions are a supplement to Instruc-
fion Book GEI-44070A which is included in this
book, The combination of the twoforms instructions
for the type EDD1ZJ and EDDI2K relays.

These relays differ in the following from the
standard EDD12D and EDDI12E relays:

1. The internal and external connections are
modified to make the relays suifable for combined-
phase and directional comparison relaying.

2. The A-C test circuit is changed to provide
phase-to-ground instead of phase-to-phase test
current,

APPLICATION

The combined Phaseand Directional Comparison
Relaying is usually employed in medium and longer
length transmission lines where mutual induction
between transmission lines c¢an cause false opera-
tion of directional comparison relaying for ground
fauits, but where phase comparison relaying is not
sensitive encugh for phase faults, Inthisapplication,
the phase comparison relay is selected for ground
faults, and the distance type or directional relays
are used for phase faulis. By combining the
applicable portions of both equipments, (Phase
Comparison and Directional Relays), reliable high
speed protection is provided under all circumstances.

BASIC OPERATION

The method of control is shown in the schematic
diggram of Fig. (1). Operation of any one of the
carrier-starting phase units OM takes control away
from the phase-comparison network and causes the
transmission of continuous carrier. The operation
of the carrier stopping phase relay 21Y also

MX
takes contrel away from the phase comparison
network {from any other carrier-starting means)

preventing the transmission of carrier. Operation
of 21Y also applies a positive voltage to the

MX
screen grid of the comparer tube which will conduct
and cause operation of the trip relay if not blocked
by a negative voltage, derived from the received
carrier, on the control grid, Note that the phasew
compamson "comparer" acts asthe ”recewer relay”
of directional comparison,

DETAILED OVERALL
OPERATION

In the following reference will be made io
elementary diagram No. 245D424, sheets #5 and #8,
or {114R154, sheets #4 and #5}, and Figs, #1 and 42
of this book.

A, SINGLE-PHASE-TO-GROUND FAULT

a. External and Internal
{No Phase Relay Operation)

The phase-comparison network relay is con-
nected to be energized by CT residual current only
and on a phase-to-ground fault T-201 and T-202 will
be energized causing the voltage amplifier tube V261
to conduct, The rectified output of V201 is fed io
the grids of the fault detector tube V202 and acts
as the control voltage. The non-rectified output of
V201 is used to drive the power amplifier tubss
V203 and V204,

As soon as the fault detector tube V202 con-
ducts gufficient current, the faull detector-low
{FD~L) telephone relay picks up and opens its "b"
contact, thus removing the negative potential from
the screen grids of the EDD power amplifier tubes
V203 and V204. At the same fime an "a" contact of
the FD-L closes and shorts out resistor R-238
applying a modulating signal from the secondary
winding 1 to 2 of transformer T-203 to the screens
of the carrier transmitter tubes. The transmitier
now sends a blocking signal to the opposite end (o
prevent tripping.

If the fault current is sufficiently high the fauif
detector tube V202 will conduct encugh current to

be referred to the General Electric Company.

These instructions do not purport to cover olf deloils or voriglions in equipment nor to provide for every possible
confingency fo be mef in connection with installution, operation or mainfenance. Should further information be desired
or should particulor problems arise which are not covered sufficiently for the purchaser's purposes, the matfer should
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Fig, 1 Functional Diagrenm For Combined
pick up the fauit detector-high (FD-H) telephone
relay. The normal seiting of FD-H is 50 per cent

ahove FD-L to give a 50 per cent safety margin
between the blocking and tripping funciion of the
relay.

The other secondary winding, 8 to 7 of trans-
former T-202, provides a signal 180 degrees out
of phase with that which was supplied to modulate
the carrier transmitter. This signal is fed to the
sereen grid of the comparer tube through a phase-
shifting network,

The phase-shifting network, consisting of C-211,
£.212, €-213, R-251, R-252Z and R-253, introduces
g time delay betwsen the power amplifier signal 1o
the comparer tube screen grid and the signal
applied to modulate the transmitter. The timedelay
compensates for the time of propagation between
terminals of long iransmission lines.

The secondary winding 1 to 2 of transformer
T.203 at the remote station modulates the remote
tranamitter. This signal is received and applied
to the control grid of the local comparer tube.

During an external fault, the received carrier
swings the comparer control grid negative for the
half-cycle when the local relay voliage swings the
gereen grid positive. Thus, the control grid blocks
plate current and no fripping occurs.

During an internal fault, the half-cycle signals
received from the opposite terminal swing the
eomparer control grid negative for ihe same half
cycle that the local relay voltage swings the screen
grid negative. There ig po incoming signal during

Phase And Directional Comparison Relaying

the half cyeles when the screen grid is positive,
The comparer plate current, therefore, increases
and nicks up the tripping relay TR through the ¥D-H
contact which completes the breaker trip ‘circuit,
(For more details on phase comparison operation,
refer to pages 29 to 35 of the included instruction
book GEI-44070A).

When FD-H picks up, the transient blocking
relay (RB) is energized. 1 the fault is internal,
TR will pick up and deenergize RB before RB picks
up. The relay permits tripping without time delays
¢or about 4 cycles after the inception of the internal
{auit. But thereafter, it introduces a delay in
tripping sufficient to outlast transienis associated
with circuit-breaker arcing, CT trapped flux, etc.,
which may occur when an external fault is cleared.

The seal-in unit, SI, is picked up by trip coil
current when TR picks up. The SI contacts close
around TR and RB contacts and prevent opening
of trip coil current by the relay contacts. A hand-
reset target is exposed when the seal-in element
picks up indicating that the EDD equipment has
opersted.

b. Internal Single-Phase-to-Ground Fault
(With operation of a phase-tripping unit}

Sometimes it is possible for a phase distance
unit to operate during a singie-phasemtougrg}uﬁd
fault, I carrier stopping phase units 21Y/MX
operate at both line serminals during an internal
fault, all carrier transmigsion will be stopped and
tripping will take place through the comparer tube
at each end. HBach comparer tube conducts con-
tinuously since no blocking signal is received to
provide restraint. At each end the TR element of the
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Combined Phase and Directional Comparison Carrier-Pilot Relays

phage comparison tripping unit will pick up through:
the 21Y contact, and cause clearing of the faulted
O MX

line,

It any one carrier-stopping phase unitoperates,
at only one terminal of the transmission line, trip-
ping will be by directional comparison at that ter-
minal and by phase comparison at the other terminal.
For example, assume that a carrier-stopping phasge
unit operates at terminal A for a single-phase-to-
ground fault at (x) of Fig. 2. All carrier transmis-
sion will be stopped at terminal A when the 21Y

MX
contact closes and connects the carrier transmitier
agcreen to the negative bus, The other 217 contacts

MX

connect both the comparer screen and plate to the
positive bus. The comparer tube will now conduet if
continuous carrier is not received from B, At B the
phase comparison FD-L and FD-H will pick up
{providing the fault current is sufficient} and ter-
minal B will transmit half-cycle pulses. Since no
blocking signal is received at B from A, a phase-
comparison trip will cccur at B.

The TR relay in the phase comparison trip-
ping unit at terminal B will pick up through the
FD-H contact and will cause tripping of circuit
breakers at terminal B. Since no carrier is trans-
mitted at A, there is no local restraint voliage at A
0 keep the comparer tube from conducting except
for the half-cycle restraint pulses received from B.
The TR relay at terminal A will pick up through the
21Y contact and it will cause tripping of the as-
MX
scciated circuit breakers.

B, FAULTS INVOLVING MORE THAN ONE PHASE
a. Internal Faults (First Zone)

The MHO and the OHM units of the GCX relay
will operate and close 21-1, ~2, or -3 contacts and
M

the 21-1, -2, or -3 contacts respectively. Theaux-
iliary tripping relay 94 will pick up and trip the
circuit breakers. {Refer to GEI-25363D for more
details on directional comparison relaying).

b.  Internal Faulis (End Zone)

The MHO unit of the GCX relay picks up closing
21-1, -2, or -3 contacts, but since it iz a second

M
zone fault the 21 confacts do net pick uvp. 21X-1
K¢l T

picks up and starts timer 21X-1, However, while

this is taking place, the 21Y picks up and cloges an

"a"™ contact (6-7} which applies {+} potential to the
comparer screen grid, Thiswill cause the comparer
tube to conduct unless it is blocked by 2 negative
voltage derived from the carrier signal received
on the control grid of the comparer tube. Since it
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Fig. 2 Internal Fault for Type EDBD Relay

is an internal fault, carrier will notf be transmitied
from either end unless the fauit is close to either
end of the line; in which case carrier may be
started by the 21B contacts of the local CEBIi:

CM
relay, but will be stopped as soon as 21¥Y picks up

and cloges an '"a' contact (15-16), connecting the
transmitter screen to the (-) bug. Since no carrier
is received either from the local transmitier or
from the remote transmitter, the comparer tube
will conduct continuously and the 87T will pick up
TR
through a 21Y contact, The auxiliary trip relay is
MX

then picked up and the associated circuit breakers
are iripped.

C. EXTERNAL FAULTS

On faults external to the protected line, the
CEBI13 relay will pick up and open the 2I1B/0M
contacts. The opening of these contacts removes
the negative polential from the transmiiter screen
and a4 continuous carrier will be transmitted from
one end of the line blocking tripping at boih ends;
however, should the breakers on the faulted line
fail to trip, then the back-up relays of the protected
%inui section will operate to clear the external
ault,

A-C TEST SOURCE

During tests and adjustments, the locad im-
posed by the A-C test source can vary from 0.38
to 1.38 amperes, approximately, The A-C {est
circuit rheostats are rated at 100 watts.

T
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INSTALLATION TEST AND ADJUSTMENTS: (SECTION E)

The following has been put in an abbreviated
form to facilitate its use. For a detailed explana-
tlon of the relay operation see "Principles of
Operation" (Section G of GEI-44070A). Refer to
"Relay Settings" (Section H of GEI-44070A) for
limiting conditions and a method for calculating
the ground current tap setting.

1. Make all tests on the transmitter-receiver unit
insofar as possible,

NOTE: Disconnect the wires from terminals 11T
and 12T of the tripping unit,

Ej D-C POLARITY (CHECK)

1. Cabinet mounting terminals K14{(+) and K3(-)
and J18(-).

2. Panel mounting terminals 14T{(+) and 20T(-),
13N(-) and 13F{-),

E2 TARGET TAP (SET)

TABLE 1
TRIP COIlL, CURRENT
(MIN. CONTROL VOLTAGE) TAP SETTING
2 to 2 amp, 0.2
2 to 30 amp. 2.0

NOTE: Tighten a screw in the desired tap before
removing the screw from the other tap. Spare
screws may be obtained from the left hand station-
ary contact,

E3 TRIP CIRCUIT (CHECK)

1. Turn the RTS (Relay Test Switch) to "NOR"
position. For cabinet mounted equipment, mo-
mentarily jumper terminals J7 and J9, then
J7 and J10. Battery voltage should appear
across terminals J8 and J9, then J8 and J10,
respectively. (Breaker should trip, if trip coil
is connected to J9 or J10. For panel mounted
relay, jumper terminals 1T and 11T, then 1T
and 12T on the tripping unit. Voltage should
appear across 11T and 20T, then 12T and 20T.

2. Simultaneously, manually operate the FD-H and
TR units and observe the same results.

E4 ALARM CIRCUIT (CHECK) (IF USED)

1. Turn relay test switch to "TCOQ" position at
both ends of the line,

2. Remove carrler fuses, then see that contacts
of the signal alarm element (SA) ring the proper

alarm. The white indicating lamp should light.
Replace carrier fuses.

3. If desired, disconnect alarm leads at the relay
for remainder of installation tests.

E5 TEST SOURCE CURRENT (SET)
Eg TYPE EDD-403A211 RELAY (PANEL MOUNTED)

1. Place an external ammeter in series with the
a-c test source,

2, Turn the relay test switch to the "QUT™ posi-
tion. Holding the voltmeter at 100 volts by means
of the tap switch (S-203) and the rheostat{R-216),
adjust rheostats (R-204D) and (R-204C) to obtain
the desired FD-L test setting. To insure posi-
tive pickup, this value should be a little preater
than the FD-L pickup setting. (About 10% great-
er than the desired FD-L pickup.)

3. Turn the relay test switch to the "IN" posi-
tion. Holding the voltmeter at 100 volts by
means of the tap switch (§-203) and the rheo-
stat (R-216), adjust rheostat {R-204B) to obtain
the desired FD-H test setting. To insure posi-
tive pickup, this value should be set about 10%
higher than the desired FD-H trip setting,

4. Return the switch to the off position,
RANGE OF A-C TEST CIRCUIT

E7 TYPE EDD-403A244 (Cahinet Mounted)

The a-c network unit in this relay has been
preadjusted at the factory to draw the same cur-
rent as the Type EDD-403A211 relay, when the
voltmeter is set at 100 volts by means of the trip
switch and rheostat as outlined for the Type EDD-
403A211 relay.

The factory adjustinent is for two-terminal
lines with FD-L setting of 2 amps and FD-H set-
ting of 3 amps. The factory equivalent FD-L
setting for ground excitation will be 0.33 to 1.33
amps depending on the ground current tap set-
ting, and the FD-H seiting will be 0.5 to 2.0 again
depending on the ground current tap setting.

Eg PHASE FAULT DETECTORS

In the Combined Phase and Directional Re-
laying application, the phase fault detectors (FD-1,
FD-2 and FD-3) are not used. (If used refer to
GEI-44070A section E for test and adjustment
instructions,)

Eg HEATER ADJUSTMENTS NETWORK UNIT (SET)
1. Plug the test cord into the milliammeter jack

and into the network unit jack., Turnthe selector
switch in the unit to "HEATER",




-

2.
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3.
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Remove the coverplate from R-230, then move
slider of R-230 to give 552 to 562 milliamperes
with 129 (or 258} volts on the battery, With 250
volt equipment, adjust the external cage type
resistor 214A to give 128-130 volts across stud
14T and stud 20T of the tripping unit. Make
thegse two adjustments alternately until both
current and voltage are correct. Check R231
external connections if heater current is too
high.

?EA’{ER ADJUSTMENTS, TRIPPING UNIT
SET

Plug the test cord into the milliammeter jack
and into the tripping unit jack. Turnthe selector
switch in the tripping unit to "HEATER" and
adjust the slider on R-232 until the current
reads 1/2 of the value read on the network unit
heater, This value should be from 276 to 281
milliamperes. It may be necessary to repeat
the adjustment under SECTION E9 and then

SECTION EIO to obtain the correct values of
heater current in both the network wit and
tripping unit,

POWER AMPLIFIER PLATE CURRENT

1 (cHECK)

Plug the test cord into the milliammeter and
tripping unit. Turn the selector switch to V-203.
No sigmal current should be supplied to the network
unit,

The milliammeter should read 35 to 50 milli-
amperes when FD-L is picked up by hand at
129 volts d-¢ bus potential,

Repeat for V-204 and record both readings for
future comparison.

E1z SIGNAL ALARM AND COMPARER PLATE

CURRENT (SET)
All instaliation tests and adjustments on both

carrier trangmitters should be completed before
proceeding ‘with the following tests.

1.

'8

3.

Cl_ogg._grqur_x_ding switch on carrier transmitter.
Adjust battery voltage within 2 per cent normal.

Set carrier test switch to "RECEIVE" and relay
test switch to "OFF" position.

Plug test cord into milllammeter and tripping
unit and set selector switch to "Signal Alarm®.
The following adjustments are made on the
Transmitter-Receiver.

Set 510 to its left-hand position.

Adjust R47 fully counterclockwise.

Adjust R38 until signal alarm current is just

~below 0.5 milliampere.

Set 810 to right-hand position.

9.

Turn’' R47 fully clockwise and then adjust counter-
clockwige until a point is found where signal-
alarm current just begins to drop.

10.Open grounding switch on carrier transmitter,

11. An increase of comparer tube current to a value

between 5 and 6 milliamperes may be achieved
by a glight adjustment of R38 when the two relay
terminals are in a simulated trip condition.
When the relays are operated to produce a
blocking signal a reduction of signal alarm
current to less than 0.5 milliampere on receipt
of steady carrler must be maintained by re-
adjustment of R47, if necessary.

E13 SIGNAL ALARM CURRENT (CHECK)

1.

2.

Turn local carrier test switch to "SEND" and
relay test switch to "OFF".

Plup test. cord into milliammeter and tripping
unit and.set selector switchto "SIGNAL ALARM',

Milliammeter reading should be 0.5 milliampere,

or less.

Turn local carrier test switch to "RECEIVE"
and have remote carrier test switch set on
IISEND,V.

Milliammeter should read 0.5 milliampere, or
less,

E14 RESERVE SIGNAL (SET)

1.

2.

Have both relay test switches in the "OFF" or
"NORMAL" position,

Have remote carrier test switch turmed to
Y"SENDY,

Perform the following operations on the trans-
mitter-receiver wnit: Depress button S-11 {or
turn local carrier test switch to "TEST") and
adjust R29 to give a. current of 1 to 3 milli-
amperes, measured at the signal alarm current
jack (J12). Record the current reading and
registor setting for future comparison,

Note that this setting should be made only when
transmission conditions are rnormal. Current
will increase as trangmisgion efficiency is de-
creased by such things as sleet.

EIS PHASING OF TEST SOURCES (CHECK)

1.

I a cathode ray oscilloscope ig avallable, con-
nect its vertical input between the ground and
line terminal of the transmitter receiver.
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2.

Turn relay test switches at both ends of the
line to VIN'. Oscilloscope should indicate
approximately 0 degree phase displacement
between the loczl and remote signals. Refer to
ascilloscope patters #1. (Oscilloscope patterns
appear on pages 21 and 22 of GEI-440704A).

Turn relay test switch at one end of line to
“OUT", other end to "IN'. Oscilloscope should
indicate approximately 180 degrees displacement.
Refer to oscilloscope pattern #2.

If oscilloscope patterns are considerably different
from O and 180 degrees, the volitages at the two
ends are from different phases. In this case,
substitute either of the other two phases of the
a-c test source at one end of the line at terminals
M5 and M6. Repeat phasing tests, Refer to
oscilloscope patierns #3 and #4.

If an oscilloscope is not available, plug the test
cord into the milliammeter and tripping unit, and
turn switch to "COMPARER".

Milliammeter should read approximately 6 milli-
amperes with the relay test switches in like
positions, or 0 to 0.5 milliamperes when the
switches are in opposite positions.

I the difference between the two readings isiess
than 4 milliamperes, the test voltages, at the
two ends are from different phases. Inthis case,
proceed as indicated in 4 above.

giﬁ PHASE SHIFTER (SET)

NOTE: For lines of length up to 50 miles the

phase shifter may be set at 0 degrees {extreme
counterclockwise rotation),

1.

]

Determine degrees of lag of carrier-current
signal due to the time of propagation from one
line end to the other. The approximate lag per
100 miles of open line is 12 degrees

Turn both relay test switches to "IN".,

Turn phase shifter to 0 degree phase shift
{extreme counterclockwise position}.

Use calibrated phase shifter to supply a signal
of about 125 V. a-c between P9 and P10, or A10
and Alil, after first blocking the "a’ contacts of
FD-H open.

Adjust ihe shop calibrated phase shifter for
minimum comparer plate current,

From the peint found in 5, turn the shop phase
shifter, in a lagging direction, the number of
degrees calculated in L,

Adjust the phase shifter of iripping unit for
minimum comparer isbe plate current.  Lock
the phase shiffer control in place by means of
the jocking nuf.
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QUTER CIRCLES REPRESENT STUD CONKFCTIONS (RED)
VNNER CIRCIES REPRESENT RELAY CONNECTIONS {BLACK)

Drawout Test Plug Comnections For Ground
Pickup Lheck For Type EDD Relay

Eqx COMPARER PLATE CURRENT (CHECK)

power transfer on a long line.

is

Record the comparer plate current with the
relay test switches at'the two ends of the line in
the same position ("IN or "OUT"} {Approxi-
mately 6 ma, See SECTION Em—ﬁ) of GEI-44070.

Repeat with the switches in opposite positions
{0 to 0.5 ma.),

Repeat with the local relay test switch on "IN™
and the remote relay test switch on "OFF",
The plate current should be approximately 6
milliamperes.

NOTE: Comparer-plate current will vary with
For this reason, it

advisable to graph comparer-plate current under

various killowatt loads and use this graph whenever
checks are made on comparer-plate current.

Big

ey
.

GROUND CURRENT BLOCKING POINT
{(CHECK) (FD-L}

With the relay test switches in the "OFF" posi-
tion, apply 60 cycles current to the network unit
through a drawout test plug connected according
to Fig. {3).
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9. Turn the local relay test switch to the posi-

tion "IN", Gradually decrease the tesi re-
sistance and note the current at which FD-L
plcks up.

I the pick-up current is incorrect, or a dif-
ferent value is re%uired adjust the ¥D-L rheo-
stat R-209 and R-210. e FD-L pickup shouid
be 2/3 of FD-H pick-up current to provide a
definite margin between blocking and tripping.

Record the pick-up current and FD-L cur-
rent.

E1gp GROUND CURRENT TRIP POINT (CHECK)

1.

2.

(FD-H)

Insert a drawout test plug, connected as shownin
Fig. 3, in the bottom network unit. Turn the local
test switch to "IN". Gradually decrease the test
resistance and note the currentatwhich the amber
test lamp lights.

I the pick-up current is incorrect, adjust the
FD-H rheostat, R-221,

Record the pick-up current and the FD-H plate
current.

RENEWAL PARTS

In Table II, which supplements Ly in instruc-

tion book GEI-44070A, additional parts are listed
for reference to assist in identifying part numbers
that appear on the internal connection and elemen-
tary diagrams.

TABLE II
REFERENCE COMPONENT VALUES

RESISTOR OHMS
R204A 50
R204B 50
R204C 100
R204D 50
R216 50
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TERMIKAL DELIGRATION

e TERMINAL OF DRAROLT RELAY

Fig. 8 (Cont'd.) Elementary Diagram for Phase Comparison Pilot Relaying
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Abitene, Texas, ... i 442 Cedar 5t
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Albany 3, MY
Afbuguerque, H. Mex...
Alexgndrig, La,. .
Allantown, Fa..
Amaritio, Texas.
Appleton, Wise,
Attanta 2, Go.

Augusia, Me.. ..
Bultimare 1, Md. .
Bangor, Me.. . ..
paton Rouge &, Lo ...
Battie Creek, Mich.. .

Beaumont, Texas. .. L. ....PO. Box 2870
1385 Calder Ave,
Billings, Mont., .. .. Rm. 814, 303 No. Broodway
Binghemton, NLY, ... PO, Box 933
19 Chenungs 5
Birminghom 2, Ala.. ... .. ... - PO, Box 2402

1804 Seventh Ave., N.

Bismarck, M. Bok. . L. .. 418 Rosser Ave.
Bivefield, W.Va,. ... ... .. PO, Box 447
70«1 Bicmd SL, Appclucﬁmn 8idg.

Raise, Rlaho. .. .. .1524 idoho 5t
Beston 1, Mass.. .. .. . .. " 140 Federal S,
Buffclo 2 N Y. . &25 Delaware Ave.
Butie, Manf.. FQ Box 536, 103 N. Wyoming St
Canton 4, Ohic. 1226 Market Ave, M.
Cedar Ru;}i&s, low‘u, 2510 Second 5t., S.E,
Charleston 28, W. Ve, . ... .. P.O. Box 2313
304 MacCorikle Ave, S.E
. PO, Box 1285
112 & Tryon 5t

. .B32 Georgia Ave.
.. 840 S, Conat 51

Charlette 1, N. C.. . ..

Chattancage 2, Tenn..
Chicage 80, WL, ... ...
Cincinnati 6, Ohio, . 2621 Victory Pkwy.
Claveland 4, Ohio. 4966 Woodland Ave,
Columbia 1, 5. €. P.O. Box 1434, 1420 Lady St
Columbuys 15, Ohia ... ... .. 40 §. Third 5t
Corpus Christi, Texas . . . ... 205 M. Chaporral
Oalias 2, Texas. .. ... . .180%1 N. Lamor 51
Davenpori-Bettendorf, Icwc ‘‘‘‘‘‘ P.(O. Box 4630
1039 State 5t
Dayton 2, Ohio. . C11 WL Monument Bidg.
Dayton 19, Ohio, Avia. & Def.. 2600 Far Hitls Ave.
Denver 1, Colo.. - . ... P.Q. Box 2334
450 Seventeenth 5t
Des Mofnes ¥, lowa . .. . ... . 505 W, Fifth Ave.
Detroit 3, Mich, .. ... ... .. 700 Antoinette St
Duluth 2, Minn, . ... - 14 W, Superior 5t
£l Paso, Texas. .. ... ... 215 No. Stanton

Frie 2, Pac. ... v $001 State St
Eugene, Ore,. .. . P O Box 352, Y170 Peari 5t
Evansville 3, lné.v A PO, Box 137

312 N W Seventh St
Fairmonf, W, Va.. ... ... ... - P.O. Box 14626

310 Jocobs Bldg.

Hawanii: American Fattors, Lid, P.O. Bex 3230, Honolulw }

Ready to Assist You with Your Problems

Fergus Falls, Minn. ... ... ... .. PO, Box 197
108 N. Court Ave.
Flint 3, Mich.. . ... ... .- 453 8. Saginow 5

Fort Wayne &, Ind..
Fart Warth 2, Tex.
Fort Worth, Tex.

L. .. 408 W Sevsnth 51,
P.C Box ©218, Avia, & Def,
56200 Comp Bowie Bivd,

407 Potterson Bldg.
Tulgre and Fultor 5n
. 425 Cherry 5t, S.E

Fragng 1, Coflif,

Grand Rapids 2, Mich..

Greenshoro, N.C P Box 115672
301 5. Eim S0
Greenville, 3, <.. P.O. Box 1408

?Qﬁ W Washington 5t

Gulfpert, Miss.. ... ... ... .. 207 Jo-Fron Bida.

Hogerstown, Md.. ... P02, Box 477
meessmm:i Arts Bldg.
Hartford 5, Conn.. ... ... .. .. 74 Asylum Ave.

Houston 1, Texas. . . C.. 1312 Live Oak 5t
ndigropetis 8, Ind.. . .. 3750 N. Meridien 5t
Jackson, Mich.. C 120 W, Michigan Ave.
Jackson ¥, BMiss.. ... . 203 W. Capitol 8t
Jacisonville 2, Fla.. ... Station G-—Box 48

700 E. Union 5%

Johnstown, Po. ... g41 Quk St
Joplin, Mo. Lo s PO, Box 948
220%; W. Fourth 5t

........ F.G. Box 447
977 South Burdick 5t
166 W, Fourteenth 5t
1301 Honnah Ave,, NOW.
...... P Box 5212
4272 Seventh Sb

.814 Michigan Nationol Tower
4072 First Motional Bank Bldg.
Shorpe Blidg,, 204 5. 13th 5t
Little Rock, Ark.. L1033 W, Capitol Ave,
Los Angeles 54, Calif. ... L2112 W, Yignes St
Los Angeles 5, Calif ... ... Avia. & Def,
3325 Wilshire Bivd.
R 455 5, Faurth 51,
,,,,,,,,, P.O. Box 1464
33072 Avenue TA

Kalamazoo, Michigon .

Kuansas Tity 3, Mo..
Knoxviile 16, Tenn. . .
lake Chatles, La.. .

Lansing 8, Mich..
Lexington, Ky..
tincaln B, Nebr..

Louisviile 2, Ky, .
tubbock, Texas. . .

Macon, Ga.. . . P.O. Box 1506, &82 Cherry St
Madison 3, Wise., ... ... 14 ®. Carroil 51
Manchester, NOH.. .. ... oo 875 Eim 5%

7.0 Box 1349, 107 £ Main S&
Mamphis 3, Tenn,. .. ..o 8 N, Third 5t
Miomi 32, Fla.. ...25 S.E Second Ave.
Midwest City, Clda. ... ... - P.O. Box 3867
‘Avio. & Def., 207 Post Office Bidg.

Milwaukee 3, Wisc.. _ 940 W, 5t Paul Ave.
Minnsapolis 3, Mieo. ... - 125 Sixth St
Mobile, Ala., ... ... 704 Goversmeni 5t
Mashvilie 4, Tenn.. ... 1717 W. End Building
Newark 2, N. L. ... .. . .. 520 Broad St
Mew Haven 6, Conn,. . .. ... .. 129 Church St
New Orleans 12, La.. ... ... .. B37 Gravier 5%
Mew York 22, M. Yoo oL L 570 Lexington Ave.
Mew York L Avig, & Def, Fed. Bldg.
intemaﬁcﬂa( Airpcrf Jamaeica 30, N Y.

Miagora Folis, M. Y. PO, Box 715, 44 Fall St

Medford, Ore, .

Morfolk 1, Va._. .
Oakiand 12, Calif..
Qklohama City 2, Okiu
Omaha 2, Mebr,.
Pasco, Wash, .

PO, Box 58, 229 W. Bute 5t
409 Thirteenth St
_119 N, Robisson St

. 409 5. Seventeanth 5%

LB C} Bax P71, B24 W lewis 5t

Paoria 4, HL.. ... ... 34% Jefferson Bidg.

Phitadelphia 2, Pa.. ... .. .3 Penn Center Plazo

Phoenix, Ariz.. . F.O, Box 4037, 220 Luhrs Towar

Pittsburgh 22, Pa.. . The Qtiver Bldg., Melion 5q.

Porttand 7, Ore.. ... .. L. PO Box 909

2929 MW, 29th Ave.

Providence 3, R L. . Industrial Natl Bask Bldg.

Rateigh, N. C.. . F.O. Box 2807, 14 W, mMartin 5t
Raoding, Pa. e 3% N, Sixth 5t
Richmond 17, Va.. . . ... .- ... PO, Box 2188

700 £ Franklin 5

Riverside, Calif, ZET0 sinth 5L

foanoke &, Voo ... . (PO, Box 871
9?0 5 lefferson 5t
Rochester 4, M. Y. .. ... _BY E. Ave.

Rockford, WL ... ... ... . ... 110§, First 5t
Rutland, ¥ . ... L3RV, Center 5L
Sacramento 14, Cc'z? .. &26 Forum Bldg.
Suginaw, Mich.. Secand Motional Bank Bidg,
&, Logis 1, Mo, . .818 Qiive St
Sait Lake Cdy lG %}m%\ . PO Box 779
200 5. Main Bt
L434 So. Main Ave.
C PO Box 1222
1240 Saventh Ave,
San Francisco &, Calif.. . . . 235 Montgomery St.
San Jose 10, Calif,. .. ... ... . 440 Park Ave,
Savannah, Ga,_ . . ..-.... ...40 Fast Bay 51
Seattte 11, Wash, . ...... . . PO Box 1858
710 Second Ave.
avig. & Def, 220 Dawson Sh
‘‘‘‘‘‘‘ 246 Beck 8idg,
572 Orpheum Electric Bidg.
L112 W, Jefferson Blvd,
......... 5. 162 Post St
L&07 E. Adams 5t
.. ... 13BY Main 5t
... 11 So0. San Joogquin 5%
PO, Box 1021, 3532 James 5t.
PO, Box 1485

1216 Washmgtcn Ridg.
PO, Box 3092, 1206 MNorth A St
....... 420 Madison Ave.

.214 E, Hanover Su

P, Sox 730 450 M. Sinth Ave.
Tulsa 3, Oklc} ,,,,, 320 . Boston Ave,
Uhca 2, ML Yo oo o 258 Genesee 5t
Washingion 5, D. C.. 72714tk S, NNW
Woterlog, lowa. ... ... 26 W, 4th St
Wenatchee, Wczsh ..... PO, Box 674
328 N, Wenatches Ave.

Whealing, W. Va.. . . ... .. 40 Fourteenth St
Wichito 2, Kan.. . R 200 E. First 5t
Williamston, N, €, PO Box 743 115 E. Main 54

San Antonio 5, Texas. .. ..
San Diege 1, Calif. .|

Seattle 8, Wash, .
Shreveport, La.. -
Sioux City 13, Iowc
South Bend 1, Ind..
Spokane 4, Wash, ..
Springfiedd, W . . ... ...
Springfield 3, Mass.
Stockton, Calif..
Syracuse }, MY
Tacoma . Wash, .

Tampa §, Fia.
Totedo 4, Chio.
Treaton B, N. J..
Tucson, ARz,

Worcester 5, Mass. . . ... ... 288 Grove St
York, Pa.. ... .. .....556 N, Harrison 5t
Youngstown 7, Oheo ...... 272 E. Indianoio Ave.

Canada: Canadian General Electric Compuany, Lid,, Torents

GENERAL ELECTRIC SERVICE SHOPS

WHEN YOU NEED SERVICE . . . These G- service shops will repair,
recondition, and rebuild your sleckric epperatus, The tacilities are
avtilable day and night, seven days a week, For work in the shops
or on your premises. Letest factory methods and genuine G-E renewal

1097 Central Ave.
668 E. Mighiand 54,
Kidway Indusirial Area,

Abony, M. Y. .. .
Aflentown, Po.. .
Appleton, Wisc.. .

P.O. Box 83

Atlento--Chamblee, G, 463% Peuchiree
ingdus. Bivd.

*Arkansas City, Kon. (PO Box 525
Baltimore 30, Md.. . 920 E. Fort Ave.
Bosion— Medford 55, Mass. 3960 Moystic
Vafley Fiwy.

318 Urbon St

304 Moclorkle Ave, 5.E
2328 Thrift Rd.

L ABAD WL 47th 5
444 W, Third 56

L. 956 E. Court 5t
gt Woodiend Ave.
2178 Eakin Rd.

Buffalo 1, MUY
Charleston 2B, W. Vo
Chartorte, N, C. .
Chicogo 32, 0. . .
Cincinnati 2, Ohio. .
*Cinginnoti 3, Ohiv
Clevelond 4, Ohio.
Cotumbus 23, Ghio.

Corpus Christy, Texas. .. ... .- 115 Busse 5%,
Daltas, Texas o L3202 Manor Way
Denver, Cola.. . . ... .3353 iarimer 5t
Detroit 2, Mich. ... .. 5950 Third Ave.
Ft. Wayne, Ind, ... 606 W. Superior 5%
Houston 20, Texas. 5534 Horvey Wilsen Dr.
indignapelis 22, ind. (1740 W. Vermoni Bt
iohnstown, Pa.. e 841 Qak 4
Kansee City 20, #o. 3525 Gurdner Ave.
Los Angeles 1, Calif ... .6983 Stanford Ave.
Louisvitle, Ky, .. A900 Critten D
RMidlond, Tex.. ... 3404 Bankheod Hwy.
Mitwaoukee 3, Wisc,. G40 W. S Paul Ave.
simmeopolis 12, Misa. 2025 APsh Ave, M.
saw Orisans, Lo . (2815 N. Robertsan 3.
MNaw York——M. Bergen, N, 1, 4001 Tonnella Ave.
Craktand, Calif.. . ... 1525 Peralto St

parts are used to maintain peak performance of your squipmen). For
fult information about thase services, contact your neorest service
shop or sales office.

* Penotes Alrcraft Service Shops

*Cimtarie, Calif.. .. ...... . .Onat Inf] Alrport
Philodelphia 24, Pa..... . .. L1646 B Erie Ave.
Pittskryrgh &, Pa.. . . ... 4519 Fenn Ave.
Portand 10, Cregon .. 2727 MWL 29h Ave.
Richmond 24, Ya.. 1403 Ingram Ave.
Roancke 7, Vo 215 Mbermarie Ave, S.E
Sacramente, Calif.. ... g9 M, 17th St
5t. Lovis 10, Mo.. P 1115 East Rd.
Sait Lake City 4, l}?ch 301 5. Seventh W. St
San Frandsco 3, Colif,, _ 1098 Harrison $t.
Sectile 4, Wash, L 3422 First Ave, 5.
*Seattle 4, Wash, . .. ... 34722 First Ave., 5.
Sauthington, Conn. . L ... 45 Railroad Ave.
Spokane 3, Wash. .5, 155 Sherman S

Tampa 1, Fla.. . oo PO, Box 1245
Toledo &, Ohic. .. ... ... .. 405 Dearborn St
York, Pa.. .. ..o .. .54 N, Harrison 5t
Youngstown 7, Qhie. ... 272 E, Indignola Ave.

GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA.

F.58

GEY
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