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INTERCOMMUNICATION TELEPHONES.

TYPES A5 AND A10

A. Brookes (Ericsson Telephones Ltd., Beeston, Nottingham, England).

Prior to the introduction of this system, the
needs of small subscribers were met chiefly by
cordless P.B.X’s. or a cordless P.B.X. and an
internal intercommunication system. From the

viewpoint of a subscriber,

both alternatives

suffer from disadvantages which this system is
designed to overcome. ‘

-Facilities:

A summary of the facilities offered follows:—

(1)
(2)
(3)
4)
()

(6)

(1)

(2)

(3)

(4)

Local Intercommunication Calls:
Direct calling between all internal extension
stations on the system.
No secrecy is provided on local intercom-
munication calls.
An engaged test is given if the called.ex-

. tension is engaged on an exchange call

Direct calling of an external extension from
all internal extensions.
An external extension obtains connection to
an internal extension via the main station.
The main station requests the desired in-
ternal extension to call the external exten-
sion, i.e., the call is reverted.
Conference facilities—i.e., facilities for
speaking from any station to 2all or any
number of stations on the system simultane-
ously are provided.

Exchange Calls:
Direct connection from any internal exten-
sion to the public exchange system over any
exchange line connected to the installation.
Direct outgoing exchange calls may be bar-
red to chosen extensions. These extensions
may originate exchange calls via the main
station at the discretion of the main station
operator.
Connection (via the main station) of an
external extension to the public exchange
system over any exchange line connected to
the installation.
Incoming exchange calls may be answered
at any predetermined station. This exten-
sion is known as the main station, and is
provided with special unit equipment. Ar-
rangements can be made also for equipping
any one of the internal extensions as a

(5)

(6)

(7

(3)

second choice main station. On such instal-
lations the functions of the first choice main
station can be transferred to the second
choice main station when desired by the
operation of a key or keys at the first choice
main station. As an alternative to the
second choice main station any internal ex-
tension with full facilities may be equipped
with an extension bell or bells to enable in-
coming exchange or external extension calls
to be answered at this point.

An incoming or originated exchange -call
(with the exception of directly dialled calls
originated by the external extension) may
be transferred from any station to any other
station connected to the installation without
breaking down the exchange connection.
On installations with two exchange lines,
an internal extension may hold a call on one
exchange line while transferring a call in-
coming on the second exchange line. If an
exchange call is to be transferred to an in-
ternal extension which is barred exchange
facilities or to an external extension the
transfer must be carried out indirectly, i.e,
via the main station.

Any internal extension may hold an ex-
change call whilst making a call with any
other station on the system. While the
exchange line is being held the outside sub-
scriber is unable to overhear the conversa-
tion between the station to which he is
connected and the party called by the same
station. Also, on installations with two
exchange lines any station not- barred ex-
change facilities may hold one exchange line
whilst making a call on the second line.
On engaged exchange lines, an audible test
is given on pressing the exchange line but-
ton. It is unnecessary to remove the hand-
set from rest while making this test—the
test is operative whether the handset is
lifted or not.

Secrecy is given on exchange connections.
Monitoring facilities may be allowed at main
stations or any of the internal extensions
if desired.
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As constant mention will later be made of the
fundamental parts constituting the system, a
general definition of such equipment is desirable.

An Internal Extension Station is any station
served by the standard intercom. telephone
instrument having the full complement of local
and exchange push keys.

A Maijn Station is an internal extension
station specially predetermined and allocated to
handle the incoming and in certain cases the
outgoing exchange traffic. In normal circum-
stances only one such main station is desired per

(A5) system.
(b) Two exchange lines and ten internal stations
(A10) system.

While these will normally cater for the usual
requirements, in exceptional cases the provision
of a sixth station on a five line system, or an
eleventh station on a ten line system is desirable.
This is accommodated by ufiiising the ‘“‘home”
button on each instrument for cal.ing the addi-
tional station. On either size of installation one
external extension station may be fitted in lieu
of an internal extension.
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Fig. 1—Connections of Plugs and Jacks of the Instruments and Auxiliary Units.

installation, but (as on P.B.X. working) provi-
sion is made for extending night service to other
extensions by means of a second master station.
It is thus possible to transfer at will the super-
vision and distribution of exchange calls to this
“second choice main station.” The main stations
have in addition to the standard instrument an
Auxiliary Apparatus Unit in which is housed
the necessary exchange line and transfer equip-
ment, together with an audible alarm.

An External Extension Station is a station
equipped with a standard C.B. or auto telephone
and is connected to the main cabling by means
of a 2-wire cab’e. This station can be rung by
all instruments but can only make calls to inter-
nal extensions via the main station, at which ¥
special auxiliary apparatus is fitted according
to the number and type of lines equipped. This
facility of incorporating an external extension
is of great value since it affords a means of
communication to a point some distance from
the main installation where the cost of installing
standard multiple cable would be unduly expen-
sive.

The equipment is available in two sizes for
accommodating :—

(a) One exchange line and five internal stations

In order to facilitate initial installation and
subsequent maintenance, both the instruments

Fig. 2—The AIO Instrument.

and units are equipped with plugs and cords,
the incoming cables being terminated on jacks.
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The jacks are standardised so that it is possible
to p.ug in the smaller equipped instrument into
an Installation wired for a capacity of 2 ex-
change lines and 10 extensions. Similarly if it
is desired to add an external extension at any
point, the appropriate auxiliary unit may be
jacked in to replace the standard exchange line
auxiliary unit. This interchangeability can
readily be appreciated by reference to figure 1
showing the plug point connections.

Extension bells wired from
may be provided. This provision, for ex-
tending the exchange line or external
extension alarm bell, enables incoming calls
to be answered at other points should
the main station operator be absent. On
installations having two exchange lines a com-
mon alarm bell serves both exchange indicators,
so that when the alarm circuit is extended it
becomes necessary to test both lines at the nor-
mal internal extension. A similar test is neces-
sary when the main station unit caters for one
exchange line and one external extension.

The A 10 size Instrument consists of the push-
button mechanism enclosed in a moulded bakelite
case as shown in figure 2, the exchange keys
numbered 1 and 2 being coloured red and the
local keys 1 to 10 black. The mechanical ar-
rangement of the key movement is such that
under normal circumstances the depression of
any key automatically restores any previously
operated local key. If an exchange key is in the
operated position the depression of a second
exchange or local key will partially restore the
first exchange key which takes up the “hold”
position leaving a 6002 hold coil across the ex-

the jacks

Fig. 3—A Typical Auxiliary Unit.

change line. A special green conference key is
included which vrenders the normal tripping
mechanism inoperative when it is desired to set
up a conference call. Two special triggers are

provided above the exchange buttons on the
(A 10) instruments in order to allow the com-
plete release of either exchange button when
“holding” both exchange lines. The necessity of
such a provision becomes apparent when it is
realised that the whole of the exchange key
spring-set can otherwise only be restored to
normal by replacing the handset. Should both
exchange lines be in use the result of replacing
the handset would be to clear both exchange
lines, hence the provision of individual releasing
triggers. Slip-in paper labels are provided at
the side of the keys for designation purposes.
A diversion from the standard practice has been
made in mounting the buzzer externally on the
instrument plug. This allows any adjustments
to be carried out without interfering with the
casework of the instrument. A standard size
of case is used for both the 5 and 10 line instru-
ments.

The A5 telephone Intercom. No. 1 is similar to
the A 10, but equipped with keys for 1 exchange
and 5 extension lines only.

The special auxiliary or transfer units are
also housed in a standard bakelite case as in
figure 3, the equipment varying according to the
particular use of the ‘unit.

Unit, Transfer, Intercom. No. 1 is used on
Ist and 2nd choice main stations on systems
having one exchange line and up to 10 exten-
sions, but not an external extension station.
They may however be used on 2nd choice master
stations, on an installation which includes one
external extension, by the addition of a standard
eyeball indicator in place of the dummy normally
fitted.

Unit, Transfer, Intercom. No. 1A caters for
the first choice main stations on installations
having one exchange line, one external extension
and up to 4 internal extensions.

Unit, Transfer, Intercom. No. 2 is for use as
a first or second choice unit on installations
having 2 exchange lines and 10 internal exten-
sions. They may also be modified by the ad-
dition of a standard eyeball indicator for use as
second choice main stations when an external
extension is incorporated in the system.

Unit, Transfer, Intercom. No. 3 is purely an
external extension unit for use in conjunction
with Unit, Transfer, Intercom. No. 2, for
1st choice main station working on systems
having 2 exchange lines, 1 external extension
and 9 internal extensions; or in conjunction with
unit, Transfer, Intercom. No. 1, when more than
5 internal extensions are required on a system
including one exchange line and one external
extension.

Owing to the comparatively small number
of standardized wunits, minor modifications
become necessary when certain of the special
facilities are desired at any particular station.
This has been catered for in so simplified a form
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that modifications can readily be carried out on
site to suit any particular requirement.

Units, Transfer Intercom. Nos. 1 and 2 are
fitted with a “ dummy indicator” which is re-
placed by the standard indicator when required for
external extensions. Provision has been made
in the local cable form for this additional indi-
cator which should be wired as shown in figure
4.

WHITE

GREEN

BROWN

Fig. 4—Wiring for External Extensiom Indicator.

‘When a second choice main station is fitted,
the exchange lines and the external extension
indicator circuit can be transferred to this
station, by throwing the appropriate keys of
the first choice main station auxiliary unit or
units. To provide for this facility it is necessary
to remove the strap connections on the first
choice units, as detailed in the following table:—

sides should 2also be reversed to indicate the
transfer position.

While one of the main features of the system
is that all exchange calls are normally secret,
it may be desirable and advantageous for one
or more instruments to have monitory or super-
visory facilities : e.g., for trunk offering pur-

UNIT. | Straps to be Removed.
Transfer Unit No. 1 L Uty Ay I,
= i INOSERSIVAS | TR VA TV BT
S o INf) 2 Exch. 1. Exch. 2.
{ TRAL G, f ; TszTs'n}
5 7 No. 3 T,

Thése straps are clearly shown in figure 5,
which illustrate the terminal block of a transfer

Pig. 5—Transfer Unit (No. 2) Terminal Block.

unit with 2 exchange lines. Certain of the
transfer unit key labels which are engraved both

6—Terminal Block of an AIO Instrument.

Fig.

poses. Straps are provided on the terminal
block of each instrument as shown in figure 6.
When supervision facilities are required strap
1-2 is removed and strap 2-3 substituted. This
permits the operation of the exchange line
instrument relay over a local circuit irrespective
of the condition of the exchange line. Normally
this relay can only operate and access be
obtained to an exchange line, when the exchange
line is disengaged.

An automatic dial is normally supplied
with each instrument for automatic working,
but should automatic facilities not be required
at the outset, the dial can be omitted and sup-
plied as and when required. The dial can be

03 | 3o

/
Pig. 7—Cord Connections when a Dial is fitted.
Strap 1-2 removed.

connected on site by means of a flexible cord
as shown in figure 7.
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At this stage, it might be mentioned that
for the present, it is not proposed to install these
telephones in magneto areas.

In common with the instruments and units,
special type junction boxes have been designed,
giving excellent facilities for cross connecting
the various cables. These boxes are made up
in two sizes, 30-way and 48-way, the former
being used throughout the five line system and
also as an auxiliary box when required on the ten
line system, which is normally served by the
larger size. The pleasing external appearance
of the moulded bakelite cases is shown in figures
8 and 9. Provision for the termination of four
multiple cables is provided and the lids of the

Fig. 8—A 3u-way Junction Box Strapped and Cross-
connected for Instruments Nos. 2 and 3 in Fig. 12.
Sce also Fig. 18.

boxes have thin bakelite “ break-ins” which
may readily be removed to permit the entry of
the cable at either end of the box. A further
deviation from standard multiple boxes of the
past has been incorporated, in that the cables
are terminated on individual terminal strips and
the necessary commoning done by means of
special square-section bare wire supplied with
the boxes. When jumper connections are
required they are carried out in switchboard
wire, a typical example of a completed box being
shown in figure 8. Each of the four terminal
strips may be individually removed from the
moulded base and if desired the cable can be
connected to the underside prior to being cleated

down. Cable bonding clamps on the underside
of the strips are connected by means of the
bonding strip (figure 8 and 9) on the upper side,
and where the cables are led in at opposite ends
of the box the two bonding strips should be con-
nected by suitable switchboard wire. Three
point fixing of the base plate is standardized
and together with the three rubber feet allows
the mounting of the box on uneven surfaces
without any undue strain on the bakelite mould-
ing. Separate cellastoid labels are supplied as
required for designating the various cables.

Cable, switchboard L./C. 12 pr. 10 enam. is
used for installations using Telephone, Intercom.
No. 1 and for connection between the Unit Jacks
and Junction Box on installations using Tele-
phone Intercom. No. 2. For multiple and instru-
ment wiring for installations using Telephone,
Intercom. No. 2, cable switchboard, L/C 20 pr. 10
enam. is required. When the smaller size cable
is led into the larger size box it is necessary to
pack the cable with a thin lead strip in order
to obtain a satisfactory bonding grip.

The layout of an installation will naturally
depend to a great extent on the particular design
of the establishment, and this should be given
careful consideration with a view to obtaining
the most economical cable runs, ete. If a system
is not fully equipped in the first instance, pro-

Fig. 9—A 48-way Junction Box with Cover and
One Strip removed.

vision should be made for extending the multiple
to further junction boxes. Two typical layouts
for 5 and 10-line systems are shown in figures
10 and 11.

In order to illustrate how the details neces-
sary for the cross connections of the junction
boxes are obtained, a pictorial diagram of a
5-line system comprising 5 internal extensions
and 1 external extension (No. 5) is given in
figure 12, the junction boxes being designated
with the figure numbers described hereafter.
Figure 13 shows in detail the cross connections
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necessary to serve instruments Nos. 2 and 3
(see also figure 8). In both cases terminals Nos.
11 and 12 (HL and R) on the instrument strips
are connected to the multiple pairs corresponding
to these particular instruments, ie. No. 2 to
15 and 16, and No. 3 to 17 and 18. Thus it
can be seen that on a normal 5 and 10-line
installation the A and B terminals on the instru-

MAIN
STATION

O=UNIT AuX
© = INSTRUMENT

0 =uNIT AUX
© = INSTRUMENT

Fig. 10—Typical Layout
of a 5-line System.

Fig. 11—Typical Layout of
a 10-line System.
ment strip, corresponding to the station’s own
number, would be disconnected from the main
cabling. When a 6th or 11th station is fitted
this particular pair of terminals is connected
by switchboard wire to the 12th or 20th pair
of the multiple cable, and the terminal strip serv-

shown dotted in figure 12. An external exten-
sion is included in the layout in lieu of No.
5 internal station and is connected to terminals
29 and 30 of the auxiliary unit strip. The HL
and R of this auxiliary unit (terminals Nos. 11
and 12) are strap connected to No. 5 pair of the
multiple cable. Normally an internal extension
is rung by the application of an earth to the
‘B’ line at the calling station, thus operating
the D.C. buzzer of the instrument. In the
case of the external extension, which is fitted
with a polarized bell, it is necessary to convert
the application of the earth into a suitable ring-
ing current. This is done by the external
apparatus unit which, as far as the cross con-
necting for HL and R is concerned, becomes
equivalent to No. 5 instrument. The exchange
line is also terminated on the main junction
box.

When certain special facilities are required
at any particular station, modifications are made
to the junction box strappings.

Any station may be “barred direct access” to
the exchange lines (except at the discretion of
the master station) by a modification of the strap
connections on the junction box serving the
multiple to the barred station. By reference
to the instrument circuit figure 16 it will be
seen that the operation of the instrument line
relay depends upon an earth being supplied over

POWER =
EXCHANGE
LINE.

s |
s~

[ExtermnaL |
i EXTENSION. |

FIG.N2I5

FIGN?I13 FIG.N? 14

157 CiOICE MAIN STATION.

21 CPO‘CF MAIN STATION .

Fig. 12—Pictorial Diagram of a b5-line System with One External Extension.

ing the additional station has its HL and R
terminals (Nos. 11 and 12) strapped to the 12th
or 20th pair as shown in figure 14. The main
station junction box is represented by figure 15.
In addition to the multiple and instrument cables
this box feeds the auxiliary unit and, if desired,
a second choice master station auxiliary unit as

the D wire. To prevent the operation of this
relay in order to bar direct access to the
exchange line, it is only necessary to remove
the earth from the “D” line of the particular
instrument in question. The ‘D’ line of the
instrument is strapped on the junction box to
the ‘D:” line, to which an earth may be applied
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at the discretion of the main station by depress-
ing the push button provided on the main station
auxiliary unit. This junction box connection is
shown in figure 17.

When it is desired to completely bar a station
from the exchange service the multiple wires
C, D and D: are not cross connected to the

on an AIO system when only one exchange
line is connected to the system.

The cross connecting of an AIO system
follows the same principle as that of the 5-line,
except that, at the main station it may be
necessary to fit a 30-way auxiliary junction
box in addition to the 48-way main box, owing
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Fig. 13—Commoning of Terminal Block Fig. 14—Commoning of Ter;nina} Block
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See also Fig. 8.

multiple strip and the C wire of the instrument to the number of cables to be accommodated.
is permanently strapped to earth as shown in Such a case is illustrated in figure 19 where
figure 18. This has the effect of giving fhe two auxiliary apparatus units are required in

normal engaged signal if the exchange button addition to the instrument.

It will be noticed
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Fig.

15— Commoning o0f Terminal Block for the Main Station in Fig. 12.

is pressed in error. A similar earth strap is that the instrument cable is taken from the

required on the second exchange line ‘C’ wire

main box and the units from the auxiliary
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box. By this method the smaller type box
can be used and connected by means of a
12-pair cable, the necessary cross connections
being as shown in figure 20.

The power is normally obtained over a power
lead from the public exchange but where this
is not available a battery of primary cells or
a trickle-charged accumulator set may be em-
ployed. The system is designed to operate

After jacking in the apparatus the following
tests should be made at each instrument:—
(1) An exchange call to be made on each
exchange line at each station. :

(2) A local call tc be made to each station
on the system.

(8) A conference call to be made to include
all instruments.

(4) The exchange lines to be ‘busied’ and an

A
EXCHANGE | B
1 C

D
EXTENSIONJ A
e

EXTEHSIDN{A
2 8

A

B

i)

X3 X? Xl

il

H} H? W

COMMON
ExcHANGE EXCHANGE 2 l NG N2
c o] A C D HL R COMMON _A 8 A IB
g L 7 8 I L 73 Pa Tpre e Ins 20 T2 Y22
[N L2
AA AB AB =%
22 H 2Hl IH3
nom coiL | WoLacon| X1 ,.T . 7 2L 2L2
3 600" et .o2x2 'T—_«"ﬂ 600" {cee 5=
lX?
e[ 3 oz
1| 3 b suzzeRl oo 57 Al H3 T,
1X3 g2 g fooord Bt L 3/ 5 1 o B
0 4 HMI CB} I R_RA
23 H ! i AB o AB = a
A L ere 3 200 | 200
ouT HM2 :kn?d/‘l/%\s T i = EE T
] v ; ¥ . S— 12 ) S
A TE;E ] A,._ILLAA —= IH2 L2eq x:f} 2H2 =
o—a HM3 ! HM4  ores
2 AA ma AB T CoMMON SPRINGBANK 1S
4 — IR o & OPERATED DURING RINGING.
=T & SPRINGBANK. e 2. WHEN EXCHANGE LINE SUPERVISION
: csz{ = 1S REQUIRED, REMOVE STRAP 1-2,
AND CONNECT STRAP 2-3

B NGE xmeszcw
(L _xev
EXCHANGE HOLD

ABBREVIATIONS
EXCHAMGE KEY. + X
HOLD KEY 'H
COMMON SPRINGBANK, + CB
CRADLE SWITCH.(HMT.ON) *HM. ~
LOCAL KEY. = L €9.112 » N°ILOCALKEY
SPRINGSET N° 2.

uw{ CRADLE
SWITCH

[ HM2(s—= g MY
HM3 (Y ( on, )

zu HMA (T2

Fig.

on 24 volts but the factor of safety is sufficient
to permit its use on any voltage between 18
and 28 wvolts. The maximum current con-
sumption is approximately 1.3 amps. for a
fully equipped AIO installation. A 10 mF con-
denser should be connected across the power
lead in order to reduce to a minimum any cross-
talk due to battery feeder resistance.

On completion of the installation the appa-
ratus should be disconnected by means of the
plugs and jacks and the following tests applied.
All the A lines should be commoned and tested
to the B lines with a 250 volt megger, care
being taken to remove the straps from the
A and B lines of the battery and earth pairs.
The pairs should then be bunched together and
tested to earth. TUnder both conditions the
insulation resistance should not be less than
1 megohm. Continuity of the cables should be
tested and also the  efficiency of the bonding
clamps to earth.

16—Telephone Intercom.

(No. 2). Schematic Circuit.

engaged test made by depressing each
exchange key.

A complete cabling diagram should be drawn
out showing the cable runs and junction boxes,
with details of the instruments fed from each
particular box, and any special feature apper-
taining to an instrument. The diagram will
definitely be of great assistance should it be
necessary to locate any cabling faults which
may arise after the system has been in service
some time.

Circuit Operation. The following desecription
refers to the A 10 system but the A5 is
similar:—

Local Call Dbetween Internal Extensions.—
(fig. 16). To call another internal extension,
the caller removes the handset, thereby allow-
ing the HM springs to operate, and fully de-
presses the local key adjacent to the number
of the required extension. Springs CB.and L
are thereby operated. Earth is extended via
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HM2, CB2 and the appropriate L2 springs to
the B-line of the called extension. HM1 and
HM2 prepare a circuit for the transmission
bridge. CB1 extends the buzzer to the common
wire. - HM3 and HM4 have no function at this
stage.

If the called extension is free, the earth
placed on the B-line is extended to the R-wire
of the called extension circuit and thence via
1H3, 2H3, HMI1  and the buzzer to battery.
(Note:—At each instrument the A and B com-
mon wires in the multiple cable are jumpered to
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Fig. 17 —Connections of Instrument
Terminal Strip to Bar Direct Access
to XE=xchange ILines.

the HL and R terminals respectively). The
called extension’s buzzer is actuated for the

period during which the caller has the appro-

priate local button fully depressed.

The called extension answers by removing
the handset from its rest. The HM springs
then operate and the telephone circuit is con-
nected to the HL and R wires via 1X38, 2X8,
and 1X2, 2X2, HM1, 2H3 and 1H3 respectively.
Battery and earth are fed to the line through
the transmission bridge RA.

When the caller’s finger is removed from the
local key, the latter partially restores to the
“speaking ” position. The L springs remain
operated in this position, but the common
spring bank CB is released. The telephone cir-
cuit and the transmission bridge are connected
to the A- and B-lines via the appropriate L1
and 12 springs and so to the called extension’s
telephone. Transmission bridges, consisting of
battery and earth fed through the two 200-chm
coils of the retardation coil RA, are provided
at both stations on this type of call.

If the called extension is engaged on a call
to another extension, the earth on the R-wire
incoming from the ecalling extension will not
operate the buzzer at the called extension as
the buzzer circuit is disconnected at HMI.
When the local key on the calling extension’s
telephone set restores to the “ speaking ” posi-
tion however, the telephone circuit is connected
to the A- and B-wires. A caller is thus able to
break into a connexion between the two otrer
_extensions.

If the called extension is engaged on an ex-
change call, the hold (H) springs on the appro-

priate exchange key will be operated and, at 1H3
or 2H3, the R-wire will be connected to the com-
mon. When the caller fully depresses the appro-
priate local key, the earth placed on the R-wire
of the called extension is extended to the com-
mon. This earth is returned to the calling
extension on the common wire and operates the
caller’s buzzer via CB1l. This serves as an en-
gaged signal indicating that the distant exten-
sion is engaged on an exchange call.

At the termination of a call both extensions
replace their handsets on the rests, which action
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Fig. 18—Connections of Instrument
Terminal Strip to ‘Fotally Bar

Exchange Service,

mechanically restores all
normal.

Internal Extension Calling External Extension.
—(Fig. 21). When the calling extension removes
the handset from its rest, and fully depresses the
appropriate local key, an earth is extended to the
B-line. This earth is received on the R-wire of
the external extension circuit and. thence via
2X4, 1X4, L2, BZ3y, coil of relay BZ to battery,
with a parallel circuit via coil of relay H to bat-
tery. Relays H and BZ operate. H1 short-
circuits the 2 mF condenser and relay Q, while
H2 and H3 prepare for the extension of the A-
and B-lines. H4 disconnects the external exten-
sion calling indicator.

Ringing current is placed on the external
extension line in the following manner. Relay
BZ in operating, breaks its own circuit at BZ3y
and, consequently, releases after its slow-release
period, whereupon it immediately commences to
reoperate. Relay BZ thus alternately operates
and releases during the time that the local key
at the calling extension is fully depressed. The
contacts of relay BZ make and break with a fre-
quency of approximately 16-20 per second, and
the resultant reversals of potential sent to line
via BZ1 and BZ2 ring the magneto bell at the
external extension station. The path of the cur-
rent with relay BZ operated is: earth, YA, BZ1,
coil of relay L, 2X2, 1X2, H1 to X2 (B-line);
battery, YB, BZ2, coil of relay L, 2X1 and 1X1
to X1 (A-line). During the ringing period, the
two 0.5 m F condensers act as a spark-quench to
the contacts BZ1 and BZ2. Relay L -does not
operate while ringing current is being applied to
the line. When the earth is removed from the

operated keys to




Page 258 THE TELECOMMUNICATION

JOURNAL OF AUSTRALIA December, 1937

R-wire, relay H holds from earth, 1X8, 2X3,
coil of relay H, HL-wire, calling extension tele-
phone loop, R-wire, 2X4, 1X4 and coil of relay
H to battery. Relay BZ releases, as it will not
hold in parallel with H under these conditions.
BZ1 and BZ2 extend earth and battery respec-
tively via the coils of relay L, to prepare the
transmission bridge for the external extension.

The external extension answers by removing
the handset from the rest, and the telephone
loop thus provided operates relay L. L1 and L2
extend the A- and B-wires from the caller’s

The main station is called by the action of
removing the handset from the rest. Relays L
and Q operate via earth, YA, BZ1, coil of relay
L, 2X1, 1X1, external extension telephone loop,
coil of relay Q, 1X2, 2X2, coil of relay 1, BZ2
and YB to battery. Q1 operates relay QR, the
contact of which has no function at this stage.
L1 and L2 prepare the HL and R-wire circuits
respectively, 1.3 extends an earth to operate the
eyeball indicator via earth, L3, H4, T1, 1NSI,
2NS1, and indicator coil to battery. An audible
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Fig. 19—Pictorial Diagram of an AIO System showing the use of Two Junction Boxes
for the Main Station.

telephone circuit to the called telephone. L3
serves no purpose at this stage. Relay BZ is
disconnected at IL2.

If the external extension is engaged on a call
with another extension, relays H and L. will be
operated and, consequently, when a caller de-
presses the local key appropriate to the external
extension number, relay BZ does mnot operate.
When the local key restores to the “speaking ”
position, the caller breaks into the Ilocal
connexion.

If the external extension is engaged on an
exchange call, key springs 1X4 or 2X4 will be
operated, thereby connecting the R-wire to the
commen. Therefore, when a caller fully depresses
the local key adjacent to the external extension
number, his own buzzer will operate. At the
termination of a call, both extensions replace
their handsets. Relays H and L release and the
circuits are restored to normal.

External Extension Calling Internal Extension
—(Figs. 16 & 21). The external extension has
not the facility of direct access to internal exten-
sions and must obtain all such calls via the main
station,

alarm is given by a bell, which is actuated by
earth from the calling indicator contact via COL.

The main station answers by removing the
handset and depressing the local key corres-
ponding to the external extension number on
the telephone set, thereby connecting the tele-
phone circuit to the A- and B-multiple wires of
the external extension station as follows: A-
wire appropriate L1 springs, 2X3, 1X3, telephone
circuit, 1X2, 2X2, CB2 and appropriate L2
springs to the B-line. The transmission bridge
is provided from earth, HM2, 200 ohms coil of
RA and appropriate L1 springs to the A-line,
and battery via 206 ohms coil of RA, HM1, CB2
and appropriate L2 springs to the B-line. HM3
and HM4 have no function at this stage. The
A- and B-wires are connected via the multiple
to the HL- and R-wires respectively of the ex-
ternal extension station. The main station fele-
phone loop applied to the HL- and R-wires com-
pletes a circuit for the operation of relay H via
2X4, 1X4 and 2X3, 1X3. HI1 short-circuits
relay Q, H2 and H3 extend the HL- and R-wires
to the external extension telephone, and H4 dis-
connects the indicator circuit. - The relays L and
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H together with the retard coil RA provide the
necessary transmission bridges.

The caller now informs the main station of
the number of the internal extension with which
he requires to communicate. The main station
then calls the required extension, the -circuit
operation being similar to that described previ-
ously. The called extension, upon answering, is
requested by the main station operator to call

relay G at the exchange-line termination. AA4
provides a locking circuit for relay AA via HMS3,
1H2, AA4 and HM2 to earth. At the exchange-
line termination, relay G in operating removes
the earth from the D-wire at G1 in order to
avoid intrusion. G2 removes the exchange indi-
cator and 2mF condenser from the speaking cir-
cuit. If an automatic exchange is concerned, the
caller receives dialling tone and may proceed to

the external extension; the main station set up the connexion.
operator then replaces the handset. The opera- At the termination of a call, the calling exten-
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tion of the internal extension calling the ex-
ternal extensicn has -been described.

Internal Extension with Full Facilities Calling the
Exchange.—(Figs. 16 & 22). To call the public ex-
change, the internal extension station removes the
handset thereby operating the HM contacts, and
depresses (say) Exchange Key No. 1 thus operat-
ing the X and H springs. 1X1 and 1X2 remove
the hold coil and prepare to connect the tele-
phone to the exchange line. 1X2 and 1X3 also
disconnect the local side of the circuit. 1HI1 pre-
pares an engaged test circuit. 1H2 prepares an
operate circuit for relay AA. 1H3 connects the
R- and common-wires to provide an engaged test
to calling extensions.

If the exchange line is disengaged, relay AA
operates from battery, coil of AA, HIM3, 1H2, AA4
and D-wire to earth at G1 on the exchange-line
termination. (fig. 22). AA1l and AAS8 extend
the telephone circuit to the A- and B-wires and
thence to the exchange line. AA2 extends the
earth via HM2 and 1H1 to the C-wire, to operate

sion replaces the handset, thereby restor-
ing the HM, X and H spring banks. Relays AA
and G' release, to restore the circuits to normal,
when a clear is given to the exchange.

When the key of an engaged exchange line is
depressed (with the handset on or off the rest),
the caller’s buzzer will operate from battery,
coil of buzzer, AA2, 1H1, and the C-wire to an
earth applied by the HM2 contacts of the engag-
ing extension. The caller’s AA relay will not
operate, due to the absence of earth on the D-
wire of an engaged exchange line, and secrecy
on exchange calls is thus provided.

External Extension Calling Exchange-Day Ser-
vice.—(Fig. 21). To gain access to a public ex-
change, the external extension must first call the
main station. The main station, having ascertained
that the external extension requires an exchange
call, proceeds to test an exchange line by de-
pressing the exchange line key on the telephone
gset. When a free line is found, it is switched
to the external extension line by throwing the



Page 260

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA December, 1987

appropriate EXTENSION TO EXCHANGE key
on the main station unit. The main station then
replaces the handset. Extension to Exchange
key contacts function as follows:—X1 and X2
connect the external extension to the A- and B-
wires of the exchange line. X8 extends an earth
via 2NS2, INS2 and X5 to the C-wire, to operate
relay G and place engaged-test conditions on the
exchange line. X4 disconnects relay BZ from
the R-wire and connects the R-wire to the com-
mon, in order to busy the extension against in-
coming local calls. X6 has no function at this
stage. Relay Q operates from the public ex-

Incoming Exchange Call. (Fig. 22.) All in-
coming exchange calls are received on indicators
fitted in the Unit.,, Transfer, Intercom. at the
main station. The eyeball indicators, operate to
rectified ringing current from the public ex-
change via the A-line, T1, coil of indicator, 2mF
condenser, G2 and T2 to the B-line. The indi-
cator when operated extends an earth via CO1,
to operate the alarm bell.

The main station answers all exchange calls
by removing the handset and depressing the
appropriate exchange key on the telephone set.
The circuit operation is then similar to that
described previously.
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Fig. 21.—Unit Transfer No., 3: Schematic Circuit.

change battery to the extension station’s tele-
phone loop and at Q1 operates relay QR. QR1
disconnects the indicator circuit. If the public
exchange is of the automatic type, relay Q
responds to the impulses dialled from the exten-
sion, relay QR however, being slow-to-release,
remains operated during the dialling operation.
At the termination of a call, the external exten-
sion station replaces the handset, to give a
through clear to the public exchange. Relay Q
releases, followed by relay QR. QR1 now
extends earth from X3, to operate the clearing
indicator via T1, 1NS1, and 2NSI1.

The operation of the clearing indicator places
an earth via CO1 to the bell associated with the
main station unit, to provide an audible clear.
The main station now restores the EXTENSION
TO EXCHANGE key, to re-establish normal
conditions.

Call for Internal Extension. (Fig. 16).—In-
coming exchange calls for an internal exten-
sion are first received by the main station. Upon
ascertaining the number of the extension re-
quired, the main station fully depresses the
local key corresponding to this number. This
operation mechanically restores the exchange
line key to the “hold” position. In this posi-
tion the H springs remain operated but the X
springs are released, and the exchange line is
now held by a circuit from the A-line, AAI,
600-ohm resistance coil, 1X1, AAS3, to the B-line.
The main station telephone circuit is discon-
nected from the exchange line at springs 1X1
and 1X2, and, when pressure is released from
the local key, the telephone is switched to the
A- and B-lines of the called extension via the
appropriate L1 springs, 2X3, 1X8, telephone loop,
1X2, 2X2, CB2, and the appropriate L2 springs.
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The called extension is then requested to “ pick
up ” the exchange line on which the call is heing
held. To do this, the distant extension depresses
the appropriate exchange key, whereupon the
buzzer at that station will operate.
is passed back to the main station from earth,

Buzzer tone

0.4 ohm coil of the buzzer, 1X3, 2X3 to the HL-

wire and thence at the main station via A-wire,
appropriate L1 springs, 2X3 and 1X3 to the tele-
phone circuit. On receipt of tone, the main

main station replaces the handset on the rest,
and the call now proceeds as detailed previously.

Transference and Holding of Exchange Calls.
(Figs. 16 & 22). Internal extension to internz]
extension.—If an extension, after speaking on an
exchange line, desires to transfer the exchange
call to the main station or to another extension
having full facilities, the operations are simiar
to those described for a main station transference.
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Fig. 22.—Unit ®ransfer No. 2: Schematic Circu.t.

station replaces the handset on its rest; this
restores all keys to normal, and removes the
busy condition from the C- and D-wires. The
AA or AB relay at the extension station is then
allowed to operate to earth on the D-wire and
]s.o connect this extension to the calling exchange
ine.

If the required extension is engaged on a
local call, the main station is enabled to break
in on the connexion, and offer the exchange call
to the extension concerned. If the required
extension is engaged on an exchange call the
main station can break in on the connexion only
if provided with monitoring facilities.

Upon ascertaining that the external extension
is required, the main station calls the external
extension by depressing the appropriate local
key, the exchange line being held mean-while.
The external extension is advised that an ex-
change call is waiting, and the main station then
throws the appropriate EXTENSION TO EX-
CHANGE key on the main station unit. The

Internal extension to external extension—An
exchange call cannot be transferred direct from
an 1nte1nal extension to the external extension
but must be transferred via the main station.

External extension to internal extension—By
“ flashing ” the main station operator it is pos-
sible for exchange calls to be transferred from
the external extension to any other extension via
the main station. In automatic areas, directly-
dialled calls originated by the external extension
cannot be transferred.

Holding one exchange line while transferring
a call on the other.—If on an installation with
two exchange lines, the main station is talking
on one line and a call is received on the second
line, the main station may temporarily abandon
the call on the first line and, by depressing the
second exchange key (whlch automatlcally re-
stores the first exchange key to the “ hold” posi-
tion), may accept the call. The main station
then depresses the local key corresponding to
the number of the extension to which it is
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desired to transfer the call.- This causes the
second exchange line key to restore to the
““hold ” position.

If the call is for the external extension, it is
transferred. If the call is to be transferred to
an internal extension, the procedure is as
described earlier except that, on receipt of
buzzer tone, the main station releases the second
exchange line from the instrument by operating
the associated “trigger key.” This causes the
“hold ” springs associated with the second line
to restore, while leaving the “hold ”’ springs on
the first exchange key in the operated position.
The distant extension’s AA relay may then
operate. The first exchange key has meanwhile
remained in the “hold” position and, by again
fully depressing this key, the main station may
continue the conversation on this exchange line.
The action of fully depressing the exchange key
also restores the local key previously operated.

An internal extension station (other than a
main station) with full facilities may, in the
same manner, hold one exchange line while
transferring an originated call on the second
exchange line.

Holding one exchange line while making a call
on the other.—The depression of the second
exchange key automatically restores the first
exchange key to the “hold” position. The call
is then set up as described previously. FEither
exchange call may now be transferred. On ter-
mination of the call on the second exchange
line, connexion with the first exchange line may
then be re-established by again fully depress-
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described in this article will be

available in Australia early in 1938. On pag.e 253, the reference

to the non-installation of these telephones in magneto areas, applies

only to Australian practice. If a suitable power supply is available

and a special unit to give correct call and clear conditions is installed

at a magneto exchange, the telephones will function with L.B.
exchange equipment.
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ing the first exchange key, and operation, of
the associated trigger key releases the second
line from the instrument. ’

MISCELLANEOUS FACILITIES.

It is not practicable to give an extensive out-
line of the circuit operations involved in the pro-
vision of miscellaneous facilities, but the four
principal features are:—

External Extension—Night Service: The ex-
ternal extension is switched to an exchange line
by the operation of 2 keys on the main unit.
When the exchange line concerned is free, it may
be used by internal extensions, but under these
conditions, calls are non-secret to the external
extension.

Restricted Access:—Any internal extension
wired to prevent exchange access can be con-
nected at the discretion of the main station who
selects a free line, tells the extension and presses
the “ Exchange Call ” button on the unit. This
button completes a circuit for the AA relay of
the calling extension to earth at the normal
contact G1.

Conference Calis:—They are made by first
calling the required extensions individually. The
conference key is then depressed and a locking
bar enables any number of local keys to be
depressed and held in the operated position.

Second Main Station:—By throwing the keys
on the main unit, all facilities except switching
of an external extension to the KExchange can
be transferred to a second main station.

1
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REGCENT IMPROVEMENT IN HANDSET TELEPHONES
T E Bowe

During the past few years many changes have
taken place in the Telephone Instrument, and
further interesting modifications are pending.
Such changes have a wide interest, and the pre-
sent article attempts to set out the main features
of the Handset Telephone which will be supplied
on current orders. Automatic, C.B. and Magneto
Wall and Table Handset Telephones No 232,
which will be supplied on Schedule C.1715,
should be available early in 1938. The instru-
ments will differ considerably from 566 Type
Handset Telephones previously supplied.

Both wall and table telephones will be deliv-
ered and held in stock as complete units, i.e.,
with the bellset connected to the handset portion
of the instrument both electrically and mechani-
cally. Each table telephone will be provided
with 4 rubber feet screwed to the metal base
plate of the beliset, a 3 conductor cord 6 feet
long (No. 3600), and a moulded 4 terminal strip
(Strip No. 1.). The wall telephone, instead of
4 rubber feet, a 6 ft. cord and a terminal strip,
will have a black enamelled steel wall bracket
screwed to the metal base plate of the bellset
for securing the telephone to a wall or other
fixture, the holes in the metal bellset base plate
used in the table instrument for fitting the
rubber feet being utilised for securing the wall
bracket to the bellset. The moulded base which,
on Telephone 566, carries 4 rubber feet and is
screwed to the bottom of the bellset, will not be
supplied.

On the 566 Type Telephone previously sup-
plied, a 3 conductor braided cord 9 in. long (No.
3009) connects the bellset to the handset portion
of the instrument, Ag this cord is run externally
to the case it does not improve the appearance
of the instrument, the unsightly length of cord
being necessary in order that maintenance
adjustments may be performed without discon-
necting the cord when the bellset and handset
telephone case are disconnected mechanically.
On handset type telephones which will be sup-
plied on current orders a small hole 0.193 in.
in diameter is provided in one corner of the
moulded bellset cover through which the cord
connecting the bellset to the handset portion of
the instrument passes internally, thus present-
ing a more pleasing appearance. A lighter 3
conductor cord is used, having only 19 strands
of 42 S.W.G. conductor, instead of the usual 55
strands and without external braiding over the
three conductors. The cord is of sufficient length
to enable the internal equipment to be inspected
and adjusted without disconnecting the cord.

The supply of handset telephones as complete
units avoids mounting the bellset separately
from the handset portion of the instrument, and
ensures far greater stability of the set when

dialling and when removing or replacing the
handset on the cradle switch, thus reducing the
liability of false impulses and broken cradles,
handset bodies, ete. Previously the handset
telephone and its associated equipment was pur-
chased as a separate unit due to the necessity
for using up the accumulated stocks of Bellset
No. 1, a condition not now existing. If, however,
a subscriber desires a bellset to be mounted
separately from the handset telephone, as for
example in a position previously occupied by a
Bellset No. 1 or to cover a wall disfigurement,
he may be supplied with a Telephone 566. If a
Telephone 566 is not available, the bellset of a
232 Type Telephone may be mounted separately
from the handset portion of the instrument, as
the small hole in the bellset cover is scarcely
noticeable and is in no way a disadvantage, but
a separate moulded base must be provided for
the handset telephone case and will no doubt- be
stocked if necessary for this purpose.

The magneto handset telephone when used on
a straight line service will be associated with a
3 magnet hand generator No. 4CN mounted in
a wood case (formerly known as hand generator
No. 3). The output of this generator is about
45 milliamperes on a 750 ohm load and is ample
for straight line services. On other services,
such - as party lines, trunk line stations, etec.,
where a generator having a greater cutput may
be required, a 4 magnet hand generator No. 1
mounted in a black lacquered wood case will be
used.

HANDGENR.iNOTE[TERMY CORD:
8ro. Na.ACNI 2 |smu>]
No. 1
1.EXTENSION BELL IF REQUIRED,IS TO BE CONNECTED
TO TERMINALS 162 OF TERMINAL STRIP No 1.
2.IF GENERATOR MOVABLE USE CORD 3600. IF GEN-
ERATOR FIXED USE 2 PAIR LEAD COVERED CABLE

RD HANDSET . C
3soo| BELL SET i3009|TELEPMONE|33OG HANDSET

Fig. 1.—Magneto Table Telephone 232 (C 1256/1).

Magneto table and wall telephones will be
wired to Sheets 1 and 2 of Drawing C.1256 (See
Figures 1 and 2) which indicate also the cord
connections between the handset, the handset
telephone, the bellset, terminal strip and the
hand generator No. 4CN. The magneto tele-
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phone is equipped with a 1 ohm plus 15 ohm ate unit the cord connections are as shown for

induction coil which is mounted in the bellset.
In special cases, when the subscriber desires the
bellset mounted in a fixed position separately
from the handset telephone, the cord connections
are as shown in Fig. £ for a wall telephone
except that Cord 3009 (9 in. long) between the
bellset and the handset portion of the instru-
ment, is replaced by Cord 3600 (6 ft. long).
If the subscriber desires the bellset to be fixed
and the hand generator to be movable, the
generator will be connected to Terminal Strip
No. 1 by a Cord 3600 (6 ft. long), one pair L.C.
cable being used between the terminal strip and
the fixed bellset. The line will be connected to
the terminal strip and the battery to the bellset.

The following is a brief description of the
circuit of the magneto handset telephone. (See
Figures 1 and 2).

3 JwH.! )

HANDGENF]IPAIR‘ CDRDl HANDSET CORD

BPONQACNILCC BELL SET l3009l TELEPHONE issoGHANDSET

1 EXTENSION BELL,IF REQUIRED,IS TO BECONNECTED
TO TERMINALS Ll &E OF BELLSET & STRAP REMVD.

““ Fig. 2.—Magneto Wall Telephone 232 (C 1256/2).

(a) Incoming Calls. The incoming ringing cir-
cuit is from Line 1 through the magneto bell
and the break contacts of the generator to
Line 2,

(b) Originating Calls. When the generator
handle is operated the generator springset dis-
connects the telephone at ILine 2 and connects
the generator across the line. The outgoing
ringing circuit is from Line 1 through the
generator and its make contact to Line 2. When
the handset is removed from the cradle switch
the transmitter local circuit is completed from
battery through the one ohm winding of the
induction coil, transmitter and cradle switch,
back to battery. The receiver circuit is com-
pleted also from Line 1 through the cradle
switeh, receiver, cradle switch, 15 ohm winding
of induction coil, break contacts of generator to
Line 2.

C.B. and automatic wall and table telephones
will be wired to drawing C.1255 (see Fig. 3).
The drawing indicates also the cord connections
between the several parts, i.e., between the
handset, handset telephone, bellset and terminal
strip. When the bellset is mounted as a separ-

the wall telephone except that a cord 3600 (6 ft.
long) is required between the handset portion
of the instrument and the bellset instead of the
cord 3009 (9in. long). On wall telephones ter-
minals L1 and E of the bellset are strapped
unless an extension bell is required. The equip-
ment in the belset consists of a bell and con-
denser only, as the anti-sidetone induction coil
is mounted in the telephone case. In the C.B.
telephone the dial and dial cords are omitted and
terminals 3 and 4 of the handset telephone are
strapped. A dial dummy replaces the dial on
both the C.B. and magneto types. The dial pro-
vided on the automatic telephone is the latest
B.P.O. No. 10 type fitted with a stainless steel
(Staybrite) finger plate and chromium plated
case, label frame, securing ring and finger stop.
Fig. 4 indicates the dialling circuit.

The following is a brief circuit description
and description of the operation of the C.B. and
Automatic Handset Telephone No. 232. (See
Figures 3, 4 and 7).

L|! RED!l.‘ TR.|RED

B.RO. ASTL.C. NO.20.

.1
ERMLECORD!  BELL lcono HANDSET TELEPHONE .coko!u.wossr
Ismplseool SET laoosl |3306|

1.ON WALLTELEPHONE OMIT TERMINAL STRIPNO| &
&ITS ASSOCIATED CORD 3600.

2,EXTENSION BELL,IF REQUIRED,IS TO BE CONNECTED
TOTERMINALS 1£20F TERMESTRIPESTRAP REMVD,

3.DIAL CORD 5003 SHOWN THUS-~, ON TELS 232C.B.
OMIT DIAL & CORD 5003 6 STRAP TERM. 3£ 40¢
HANDSET TELEPHONE,

Fig. 3 —C.B. and Automatic Table and Wall Telephones 232
(C 1255).

(1) Incoming Calls. (Fig. 3). The ringing
circuit is from Line 1 through the magneto beli
and 2mF condenser to Line 2.

(2) Originating Calls:

(a) Impulsing Circuit. (Figs. 3 & 4). The
impulsing circuit is from Line 1 through the
cradle switch, dial off normal springs, dial im-
pulse springs to Line 2. A shunt circuit as
follows is provided across the dial impulse
springs to prevent high voltage surges and cor-
rect impulse distortion. From Line 1 through
magneto bell and 30 ohm non-inductive winding
3-C of induction coil in parallel through the 2mF
condenser back to Line 2.

(b) Transmitter Feed Current Circuit. (Fig.
8). The transmitter is supplied with current
from the exchange battery feeding bridges.
The feed current circuit is from Line 1
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through the cradle switch, induction coil winding
1-2, transmitter, dial impulse springs to Line 2.
The transmitter may be regarded as a variable
resistance through which a constant direct cur-
rent is passing, resulting in a variable EM.F.
This variable E.M.F. may be resolved into two
components:

(i) A fixed potential due to the constant feed
current.

(ii) A superimposed alternating potential pro-

Lt
100055 304
< 'DIAL::
UZpF
L2

Fig. 4.—Dialling Circuit, Automatic Telephone 232.

portional to the variation in resistance brought
about by the sound waves impinging on the dia-
phragm of the transmitter.

(It will readily be seen that in the inductor
condenser types of battery feeding bridge which
are now almost exclusively used, the high imped-
ance offered by the battery feed inductors to any
changes at voice frequency in the value of the
direct current enable the transmitter feed cur-
rent to be considered as constant).

The transmitter may therefore be considered
as an A.C. generator.

(¢) Sending Cirenit. (Figs. 3 and 7). Con-
sidering the transmitter as an A.C. generator,
the transmitter current divides, the major por-
tion passing from the transmitter through in-
duction coil windings 2-5, 5-3, and 3-C, cradle
switech, 2mF condenser, and dial impulse springs
back to the transmitter, the remainder flowing
through winding 2-1 to Line 1 and back through
Line 2 and the dial impulse springs to the trans-
mitter. As the current in winding 5-3 produces
a greater magnetic flux in the core than winding
1-2, winding 5-3 acts as the primary of a step-up
auto-transformer in which windings 1-2 and 5-3
together form the secondary. The transmitter
is therefore approximately matched to the im-
pedance of the line with a resulting increase in
line current compared to a telephone without an
induction coil. This increase in current is some-
times referred to as the “booster” effect. The
anti-sidetone features of this telephone are dis-
cussed later.

(d) Receiving Circuit. (Figs. 8 & 7). In the
recelving condition the majority of the voice
frequency current passes from Line 1 through
cradle switch, induction coil, winding 1-2, trans-
mitter, dial impulse springs, back to Line 2 due

to the low impedance of the transmitter com-
pared to its parallel circuit formed by the induc-
tion coil windings 2-5, 5-3 and 3-C, cradle switch
and 2mF condenser. The flux due to the current
through the induction coil winding 1-2 induces
a potential in winding 4-5 which drives the cur-
rent through a local circuit consisting of the
receiver and induction coil winding 2-5. The
small current from the line passing through
winding 5-3 tends to assist the current passing
through winding 1-2.

A dial cord-having 5 conductors is provided
(Figure 3) in order to enable the dial and its
spring contacts to be readily tested from the
cord terminals when assembled in the telephone,
and to provide flexibility when circuit changes
are necessary for special services.

Appropriate circuit diagrams to Drawings
C.1256 and C.1255 (Figures 1, 2 and 3) are
attached to the under-side of the moulded bellset
cover of each 232 type telephone. The dia-
grams have been simplified on the detached con-
tact principle and serve both as schematic and
wiring diagrams.

The Anti-sidetone Induction Coil.

As indicated previously, the C.B. and auto-
matic handset telephones No. 232 are provided
with an anti-sidetone induction coil (B.P.O.
A.S.TI.C. No. 20) instead of the standard induc-
tion coil 17 ohms + 33 ohms (B.P.O. No. 18)
mounted in the bellset and the anti-sidetone
transformer No. 35A mounted in the telephone
case. The A.S.T.I.C. No. 20 is mounted in the
telephone case in the position occupied by the
anti-sidetone transformer No. 35A. in telephone
566. A number of the automatic telephones
supplied on Schedule C.1715 may be provided
with B.P.O. A.ST.I.C’s No. 22 or No. 24, but
the circuit arrangements and the operation will
be the same as for the B.P.O. No. 20 coil.

Sidetone.

When speaking into the transmitter of a tele-
phone a proportion of the voice frequency cur-
rent generated passes through the local tele-
phone receiver, the remainder traversing the
line circuit. Also when listening in the receiver
the listener’s transmitter picks up any noise in
the neighbourhcod and reproduces it in the
receiver. Sidetone is the name given to sound
reproduced in this manner in the local telephone
receiver. Noise may be regarded as unwanted
sound.

With sidetone at a high level, reception may
be considerably degraded. The listener’s trans-
mitter picks up any extraneous noise which may
be present with the result that a mixture of
speech from the distant telephone and local
noise is reproduced in the listener’s receiver.
The effect of the local noise, particularly when
it is at a high level, is to cause an apparent re-
duction in the level of the received speech.
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The ideal level of “sending” sidetone would be
such that the speaker would hear his own voice
through the receiver at approximately the same
level as he would hear it through the air. When
sidetone is reproduced at a higher level the effect
upon the speaker is that he appears to “shout
in his own ear” and it may cause him to lower
his voice or avoid speaking directly into the
transmitter. In this manner a serious trans-
mitting loss may be experienced due to the
psychological effect upon the speaker of exces-
sive sidetone. ;

Unless sidetone is properly controlled the use
of a second receiver is of little value as a mix-
ture of speech and noise will be reproduced in
both receivers. When using a telephone which
properly controls sidetone, the listener does not
experience any difficulty in differentiating be-
tween sounds heard in the receiver and those
heard in the free ear, as the brain appears to be
capable of isolating sounds heard in one ear
* from those heard in the other. The complete
elimination of sidetone, even if this were practic-
able, is unnecessary and undesirab'e, however,
as if no response is present uncertainty is pro-
duced in the mind of the speaker as to the
efficiency of the instrument.

It is well-known that the noise level in city
shops, offices, factories and even in suburban
residential areas is at a much higher level nowa-
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¥ig. 5.—Fixed Transmitter Tube. C.B. or Automatic

Telephone,

days than formerly, thus increasing the need
for proper sidetone control. It is exceedingly
difficult to effect appreciable reduction in noise
level, although in the construction of modern
buildings for offices, factories, etc., increasing
attention is being given to the need for a con-
siderable reduction in noise and reverberation.

As modern balanced and relatively noise-free
telephone lines and exchange equipment having
high transmission efficiency are available, it is
particularly desirable that the telephones in use
at each terminal are such as will, as far as pos-
sible, allow the wusers to conduct a normal con-
versation without interference from extraneous
noise,

Need for Sidetone Control when Using Handset
Telephones.

In the earlier types of C.B. and automatic
telephone in use before the introduction of hand-
sets, the need for sidetone reduction was not so
apparent, due to the inefficient transmitters and
receivers which reproduced sidetone at a re-
latively low level.

Sidetone in Telephones other than Handset
Types.

Figure 5 indicates the circuit of the fixed
transmitter C.B. or automatic telephones pro-
vided with 17 ohm -+ 26 ohm induction coils.
These instruments were in general use prior to
the introduction of the handset. It will be seen
that this telephone circuit resolves itself into an
auto transformer connection in a similar manner
to that already described for Telephone No. 232.
Ags the receiver is connected directly in the local
winding of the auto transformer, sidetone is at
a relatively high level. This circuit is known as
a “booster” circuit.

Method of Sidetone Control in the 566 Type C.B.
and Automatic Handset Telephones.

The 566 type C.B. and automatic handset tele-
phones are provided with a standard C.B. Indue-
tion coil (17 ohm -+ 33 ohm) and an anti-side-
tone transformer No. 35A, one winding of which
is connected across the receiver and the other
across the transmitter. (See Figure 6). The
similarity of this circuit to Figure 5 will be
appreciated. Sidetone is reduced because the
current induced in the receiver circuit through
the anti-sidetone transformer is in opposition to
that caused by the direct connection of the
transmitter as indicated in Figure 5 and dis-
cussed in the previous paragraph. The connec-
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Fig. 6.—C.B. and Automatic Telephones 566.

tion of the anti-sidetone transformer in the cir-
cuit causes some reduction in sending efficiency
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when compared with the circuit indicated in Fig.
5, due to the direct current shunting effect of
winding 1-4 which is connected across the trans-
mitter.

The arrangement does not provide for a large
reduction in sidetone. When this circuit was
introduced sidetone suppression to a greater
degree was thought to be inadvisable, and it
was considered that the public had learned to
regard sidetone as a measure of the efficiency
of the telephone. Experience, however, has
shown that this is not so, and that a much
greater reduction of sidetone than that provided
for in the 566 type telephone is greatly appreci-
ated by the user and is of definite advantage.

I+ should be remembered also that when hand-
set telephones were introduced in 1932 it was
necessary to use up the excess stocks of bellset
No. 1 provided with 17 ohm -+ 26 ohm induction
coils. This precluded the use of a complete in-
strument (combined bellset and handset tele-
phone) and made it necessary to utilise some
form of sidetone suppressor fitted in the hand-
set telephone case, thus leading to the adoption
of the anti-sidetone transformer No. 35A, which
is mounted in the handset telephone case of C.B.
and automatic handset telephones 566. No such
limitations, however, are imposed when tele-
phones are supplied as complete units, and anti-
sidetone induction coils are fitted in 232 C.B.
and automatic handset telephones, thus provid-
ing a more economical and efficient arrangement.

Sidetone Control in 232 Type C.B. and Auto-
matic Handset Telephones.

Reference has already been made to the action
of the B.P.O. A.S.T.I.C. No. 20 in 232 type tele-
phones under sending and receiving conditions.
As stated previously, the flux produced in the
core of the induction coil by current from the
transmitter is the resultant of the opposing
effects of windings 1-2 and 3-5. This flux in-
duces an E.M.F. in the winding 4-5 and would
produce sidetone current in the receiver. One
method of reducing this sidetone current would
be to increase the ampere turns of 1-2 until they
were approximately equal to those of 3-5. This
would, however, destroy the auto-transformer or
“booster” effect. To retain this effect and at the
same time reduce the sidetone, the non-inductive
winding 2-5 is included in the local circuit of the
receiver and for normal line impedances the
potential across this winding opposes the E.M.F.
induced in winding 4-5. Since the resultant flux
from windings 1-2 and 3-5 depends upon the
current in 1-2, which is controlled by the imped-
ance of the line, the amount of sidetone is
influenced by the line conditions. The coil is
designed to give minimum sidetone under aver-

age line impedances. Figure 7 indicatex the
connections.

A.S.T.I.C. No. 20.

The core of the anti-sidetone induction coil is
of the “open” type. The three inductive wind-
ings and two non-inductive windings are wound
on a black moulded bobbin. Figure 8 indicates
the direction of the windings and the connec-
tions.

A small label indicating the resistance of each
winding and the number of turns is gummed on
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Fig. 7.—C.B. and Automatic Telephone 232, with A.S.T.I.C.,
No. 20.

the outside of each induction coil. The A.S.T.I.C.
is mounted in the telephone case on metal sup-
ports.

Principal Faults on Handset Type Telephones.
The principal faults which are experienced in
service on 566 type handset telephones are:—
(i) Cradle switch plungers sticking;
(ii) Open circuits at cradle switeh springs;
(iii) Defective transmitter insets;
(iv) Broken plungers and cradles.

Plungers Sticking.
This fault may be due to any of the following
causes:—

(i) Dust or fluff entering the top of the hole
in the cradle through which the plunger
stem passes and causing the plunger to
bind.

.k:_ —
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(ii) Serrations or dirt on the brass plunger
stem where it passes through the cradle.

(iii) Dirt on the ebonite plunger tip.
In the 232 handset telephone which will be
supplied on current contracts these faults should
be reduced considerably due to the following:—

(i) The top of the hole in the telephone
cradle through which the plunger stem
passes will not be counter-sunk as on
previous supplies, thus reducing the like-
lihood of dust and fluff falling in and
affecting the plunger bearings.

The brass stem of the cradle switch
plunger where it passes through the top
and bottom bearings of the cradle will be
bright polished.

(i1)

(iii) The ebonite plunger tip will be polished.

2ND(INNER)

3RD(INNER)

ISY(INNER)

30N
Fig. 8.—A.8.T.I.C. No. 20.—Windings—C.B. and Automatic
Telephones 232.

Open Circuits at Cradle Switch Springs.

In order to provide adequate follow and ensure
satisfactory contact, the inner springs of the
cradle switch spring assembly are set away from
the centre spacing insulator, the space between
each spring and the centre spacing piece being
from 2 mils minimum to 7 mils maximum. In
addition the pressure of the tension springs on
the inner contact springs is from 40 to 50 grams.
This adjustment should ensure a good rubbing
contact and reduce the likelihood of open cir-
cuits at the spring contacts.

Defective Transmitter Insets.

If practicable the transmitter insets provided
on handset telephones supplied on current con-
tracts will be the No. 13 type instead of No. 10
which are not entirely satisfactory in service.
The No. 13 inset incorporates the following im-
provements:—

(i) The oiled silk membrane is omitted. This
membrane frequently adheres to the front
metal guard in the No. 10 type, causing
a serious transmission loss. The dia-
phragm is protected by a coating of
enamel.

(ii) The liability of corrosion of the dia-
phragm at the edges which occurs fre-
quently on No. 10 insets in service should
be considerably reduced by a cement seal
provided at the point of contact between
the duralumin diaphragm and the brass
case and clamping ring.

The escape of granular carbon is rend-
ered more difficult by stiffening with mica
washers the silk washers which seal the
carbon chamber.

A breathing hole is provided in the cen-
ter of the back electrode, the escape of
carbon being prevented by a felt disc
which covers the hole.

These improvements should overcome the
principal faults experienced on No. 10 insets in
service, i.e., escape of granular carbon, corrosion
of diaphragms and sticking of the oiled silk
membranes to the metal guards.

Transmitter Insets for Local Battery Telephones.

The Specification for transmitter insets indi-
cates that neither the talking nor quiet resist-
ance of the transmitter when measured in
parallel with the primary of the anti-sidetone
transformer shall exceed 60 ohms. As the
resistance of the primary of the anti-sidetone
transformer is 175 ohms * 15 ohms, transmitter
insets of up to 96 ohms resistance comply with
the Specification. A transmitter resistance of
over 90 ohms is much too high for satisfactory
transmission under local battery conditions
using two dry cells due to the high feeding cur-
rent loss which results. Arrangements have
been made therefore for low resistance insets
having resistance values if possible not in excess
of 60 ohms to be provided on magneto handset
telephones which are being supplied on current
orders.

(iii)

(iv)

Broken Cradles.

In order to carry out service trials a number
of cradles and plungers moulded from moulding
material having a cellulose acetate base has been
purchased. This is a thermo-plastic and the
likelihood of fracture of the moulded parts when
subjected to sudden knocks of the type experi-
enced in service is greatly reduced. Although
the handset telephones supplied on Schedule
C.1715 will be provided with phenolic cradles
and plungers, if trials are satisfactory cradles
and plungers supplied in future will probably be
of cellulose acetate.

Sending and Receiving Efficiency and Sidetone
Reduction, .

The transmission (sending and receiving)
efficiency of Magneto C.B. and Automatic Tele-
phones No. 232 will be about equal to the equiva-
lent 566 type telephone, but for automatic and
C.B. types the sidetone will be from 4 to 10 d.b.
less than for the 566 types, depending upon line
conditions.
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THE AUTOMATIC PUBLIC TELEPHONE

The Automatic Public Telephone is familiar
to many, and Maintenance Circulars have been
issued for the guidance of area mechanics. To
a large number of readers, however, whose
duties do not bring them into contact with the
Automatic Public Telephone, a brief description
of its operation may be of interest, During
recent years a number of circuit and mechanical
alterations has been made, and a few comments
regarding these may be worthy of mention.

Unlike the manual public telephone which con-
sists of a magneto or a C.B. telephone with a
separate coin attachment, the Automatic Public
Telephone is a self-contained unit, and consists
of two compartments divided by a 1-8th in. steel
plate. The upper compartment is of pressed
sheet steel, and of rectangular section, while the
lower compartment is of circular section and
constructed of wrought iron pipe. The telephone
apparatus and coin collecting mechanism are
housed in the upper compartment and the coin
tin in the lower, the tin being secured in its
compartment by a malleable breech block locked
in position by a cylinder lock.

——~—sTT T ™~

\‘.'r")n.
NGl
S

i,

. COIN CONTACT
SPRING
ASSEMBLY.

The coin collecting mechanism with the tele-
phone normal, i.e., with the receiver on the hook,
is shown at Fig. 1. It will be observed that the
coin contact springs are not making and that
there is considerable clearance between the
switeh hook extension and the end of the coin

M. Bowden

detent lever. Under this condition the coin
roiler and lever can be deflected to the left about
the lever pivot. Fig. 2 illustrates the condition
with the receiver raised and two pennies in the
chute. The switch hook extension has been
lowered by the lifting of the receiver and is now
practically in contact with the detent lever. The
roller is thus locked in the position shown and
any coins inserted in the chute are arrested by
the coin roller at the left and the coin lever at

COINCONTACT
SPRING
ASSEMBLY.

the right of the chute. The weight of two
pennies resting on the coin lever causes the coin
contacts to close, as indicated. The contacts
should not close under the weight of one penny,
and the correct adjustment is obtained by regu-
lating the position of the counterweight W.
When the receiver is replaced on the hook on
completion of a conversation, the switch hook
extension and the detent lever disengage, the
coin roller is deflected by the coins which pass
freely to the coin tin. The mechanism then re-
stores to the normal position.

A schematic diagram of the telephone in
general use until June, 1934, is shown in Fig. 3.
At that time circuit changes were made and
further reference to these will be made later.
The circuit arrangement illustrated is that of the
standard automatic telephone (fixed transmitter
type) with the addition of a polarised relay PR.
The polarised relay as its name implies cperates
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only when the potential applied to its terminals
is of the correct polarity. It is designed to
operate with a current of 27 m.a. flowing
through its coil in the correct direction and not
to operate with 250 m.a. in the reverse directicn.
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Briefly the operation of the public telephone
is as follows:—

Two pennies are placed by the caller in a rest
known as the “coin head” mounted on top of
the telephone, and are so held that by the pres-
sing of a button in the coin head the coins may
be released without delay into the coin chute of
the telephone when the called party answers.
After placing the coins as indicated, the caller
lifts the receiver from the hook and dials in the
usual manner.

The polarised relay does not operate at this
stage. When a called automatic subscriber
answers, the polarity of the P.T. line is reversed
and the polarised relay operates. In operating
relay springs 1 and 2 short circuit the trans-
mitter and springs 2 and 3 cause a non-inductive
resistance to be placed across the receiver. Under
this condition the caller cannot speak by means
of the transmitter, and speech through the re-
ceiver is rendered difficult by the shunt. The
receiver shunt does not prevent the caller from
hearing, and when the called party answers, the
caller presses the coin head button. The pennies
pass into the chute, come to rest as shown in
Fig. 2, and cause the contacts of the coin springs
to close. The coin springs short circuit the
peclarised relay which releases, and the trans-
mitter and receiver circuits are restored to nor-
mal, when conversation may proceed. At the
end of the conversation the receiver is replaced
on the hook and the pennies pass into the coin
tin. In the event of the caller dialling a manual
exchahge or an information desk, the polarity
of the P.T. line is not reversed when the tele-
phonist answers, the polarised relay does not
operate and the caller may converse with the
telephonist without the insertion of coins. After
the manual telephonist establishes a connection,
however, the polarised relay in the Public Tele-
phone operates and conversation with the
wanted subscriber cannot take place until the
normal fee is deposited.

During the last few years large numbers of
public telephones have been installed on sub-
scribers’ premiges and these are used to receive
as well as to originate calls. When the receiver
of a telephone is raised to answer an incoming
call the line battery to the called subscriber is
not reversed, and if the telephone called be a
Public Telephone the polarised relay does not
operate. As the relay does not operate, it is not
necessary to deposit coins when an incoming
call is answered. The relay therefore is not
short circuited and speech takes place through
the relay. Although the operating winding of
the relay is shunted by a non-inductive resist-
ance, the relay when connected as shown in Fig.
3 introduces quite an appreciable loss into the
receiving circuit and complaints of faint recep-
tion on incoming calls are not infrequent, if the
relay be connected as shown. To overcome the
trouble, the circuit has been modified as shown
in Fig. 4, the alteration consisting of removing
the relay from the “booster” circuit of the tele-
phone to a position directly in the line. The
change has resulted in a gain of approximately
3.5 db. in receiving efficiency when the relay
is in circuit, compared with the condition shown
in Fig. 3.
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Fig. 4.

It was mentioned previously that the resist-
ance used to shunt the receiver is to render
difficult the use of the receiver as a transmitter.
The lower the resistance of the shunt the more
effectively will speech through the transmitter
be prevented. The shunt, however, reduces the
efficiency of the receiver also and in order that
the caller may hear the answer of the called
party with reasonable clarity and volume on the
longest connection the volume of received speech
must be the determining factor in considering
the resistance of the shunt to be used.

The maximum permissible transmission loss
between any two subscribers has been specified
as 47 db and in the Metropolitan network the
total permissible loss for a connection between
two subseribers connected by a junction line of
maximum attenuation is 33 db. The maximum
loop resistance of each subscriber’s line should
not exceed 450 ohms if solid back transmitter
telephones be used,
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Calls from a standard automatic public tele-
phone are dialled only into the Metropolitan net-
work, and therefore in the extreme case the
overall attenuation of received speech may be
increased from 33 db to 47 db without exceed-
ing the permissible limit. This means that the
resistance used to shunt the receiver in an en-
deavour to restrict speech through the receiver
should not increase the receiving loss by more
than 14 db. When the public telephone line loop
is 450 ochms the resistance of the shunt required
for a P.T. in accordance with Fig. 4 is 25 ohms.
As the resistance of the exchange line is reduced
the efficiency of the receiver, both for receiving
and transmitting speech is increased and to
obtain the maximum benefit of the shunt in re-
stricting the use of the receiver as a transmitter
the registance of the shunt should be reduced
progressively as the telephone is taken closer
to the exchange. This is not practicable how-
ever, and satisfactory results may be obtained
by using two resistances, one for use on short
lines and a higher resistance for long lines. The
resistances are wound on one spool and one
winding is bridged by a strap of copper wire
when the telephone is being assembled. As
issued from stock the P.T. is suitable for instal-
lation. on an exchange line of resistance not
exceeding 200 ohms, and under this condition
the receiver is shunted by 15 ohms. Should the
resistance of the exchange line exceed 200 ohms
the bridge piece should be cut by the installing
mechanic to increase the resistance of the shunt
to 25 ohms. For a public telephone wired in
accordance with Fig. 3 the relative resistances
are 30 ohms and 50 ohms.

In addition to the circuit changes mentioned,
alterations have been made to the coin chute
in the mechanism compartment and to the coin
tin. Originally the coin chute was constructed
with a small recess or pocket in the back wall
just above the coin roller. The normal depth
of the chute was sufficient to pass two but not
three pennies. The pocket had an advantage in
that the greater depth of chute immediately
above the roller reduced the possibility of two
coins ‘“riding” in the chute and ensured that in

practically every instance the pennies would
come to rest side by side on the roller and the
coin lever to provide reliable operation of the
coin contact springs. Investigations into the
causes of chute blockages indicated that a large
number was due to three pennies becoming jam-
med in the pocket owing to the greater depth
at this location compared with the depth of the
chute below the roller. It was decided to modify
the chute by eliminating the pocket and increas-
ing the depth to pass three coins. The greater
depth permits the pennies to come to rest at the
roller with little danger of the coins riding and
should three pennies enter the chute a blockage
is not likely to follow. It might be mentioned
that it was at first suspected and later verified
that some callers were inserting three pennies
for a call and it is fairly apparent that a num-
ber of blockages were due to this cause.

The alteration to the coin tin consists of the
fitting of an external hopper to increase the
effective height of the tin and to widen the slot.
Consideration was given to the question of in-
creasing the height of the tin itself, but the
construction and location of the chute in the tin
rendered this course undesirable. The alteration
adopted was introduced to overcome the ten-
dency in some installations for pennies when
passing from the chute in the telephone to come
to rest on the edge of the coin tin. The trouble
mentioned was due largely to the different clear-
ances found to exist between the bottom of the
chute and the top of the coin tin in consequence
of the manufacturing tolerances allowable for
the P.T. case and the tin respectively. Where
a tin of minimum length was associated with a
cagse of the maximum length the trouble was
most pronounced.

Large numbers of public telephones and coin
tins in which the alterations discussed have been
incorporated are now in use and the adoption of
the modifications has resulted in a marked re-
duction in the number of coin blockages. Con-
sideration is being given to the desirability of
modifying telephones of the earlier type in situ
to conform to the present standard.
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TELECOMMUNICGATION SERVICES FOR CIVIL AVIATION

Introduction.

As a modern system of fast moving trans-
portation, civil aviation demands organised tele-
communication services for its successful cpera-
tion. To achieve success in its operations an air
transport organisation must build up regular
and punctual traffic schedules for the transport
of passengers, mail, and goods. The greatest
deterrent to regularity and punctuality is
adverse weather, and it is under such weather
conditions that telecommunication facilities are
- most essential. The prime underlying reason,
however, for the development of such services
is economic in that no system of transportation
can hope to develop successfully unless it gains
the confidence of the public from the viewpoint
of consistent and reliable operation.

The telecommunication services that are re-

quired may be summarised as follow:—

(a) Radio aids to aerial navigation;

(b) Aeronautical radio services (communication be-
tween ground and aircraft and vice versa);

(¢) Point to point communication on the ground be-
tween terminal and intermediate airports;

(d) Airport control radio services; and

(e) Radio broadcasting of weather conditions.

Unless otherwise stated, these services will be
discussed from the viewpoint of the design of
telecommunication systems for the operation of
commercial aircraft over large land masses such
as the continent of Australia.

Radio Aids to Aerial Navigation.

Radio aids to aerial navigation are necessary
to overcome the practice of “contact flying”, i.e.,,
directing the course of an aircraft by the recog-
nition by the pilot of familiar landmarks. Such
a method of navigation obviously breaks down
during adverse weather conditions and at night.
Moreover, it does not permit an aircraft to fly
at those heights at which winds may be most
favourable, an important factor when the run-
ning costs of modern high-powered, fast-moving
machines are considered.

Radio aids to aerial navigation take many
forms, but herein will be described briefly the
following :—

1. Ground direction finding systems (D.F. systems);

2. Radio compass or homing device; and

3. Equi-signal radio beam systems (radio range
systems).

Ground Direction Finding Systems.
In the ground direction finding system of
navigational aid, use is made of the directive
property of a loop aerial capable of rotating in

This paper is reprinted from the Journal of the
Institution of Engineers, Australia, Vol. 9, No. 10, by
courtesy ©of the Imstitution, who have kindly loaned
the blocks. It was the subject of a lecture before the
Postal Electrical Society of Vietoria on 19th July, 1937.

R. M. Badenach, B.Sc., A.M.I.E. Aust.

the electro-magnetic field of a radio transmitter,
as illustrated in Fig. 1. As the loop is rotated in
the field an electromotive force is induced in it
proportional to the cosine of the angle between
the vertical plane of the loop and direction of
the transmitter, so that if, as in practice, the
loop is turned until a2 minimum signal is received,
then its plane is at right angles to the direction
of the emission.

Since the rotation of a simple loop will pro-
duce, as shown in Fig. 1, two positions 180
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Fig. 1l.—Electromotive Force Induced in Rotating X.oop.

degrees apart where the induced signal is a
minimum, such a device will give the direction
of an emitter only. In order to obtain the sense
of this direction, a loop is used in conjunction
with a vertical aerial, as shown in Fig. 2.

The receptive properties of a vertical aerial
are omnidirectional, and when the signal induced
in it is combined in the receiver with that in-
duced in the loop, the phasing of the respective
induced currents is such that for 180 degrees of
rotation of the loop the signals in the vertical
and loop aerials are in phase and for the other
180 degrees they are in anti-phase. By a suit-
able balancing of the e.m.f.’s induced in the two
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Fig. 2.—Heart Field Pattern for Obtaining Sense of Signal.

aerials it will be seen (Fig. 2) that in one direc-
tion the signals will assist and cause a high
maximum output in the direction finding vre-
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cciver, while in the other direction they will be
¢pposed and cause a definite minimum, thus pro-
iucing a resultant heart-shaped diagram, and
thereby permitting the sense of a gignal from a
transmitter to be given, so that an aircraft in
flight emitting such a signal may be given a
bearing.

“Fixes” of aircraft in space are obtained by
a process of triangulation by two or more ground
direction finding stations, each determining the
bearing of an incoming radio signal and then
plotting the results on a map in order to deter-
mine the intersection of the directions obtained.
One of the ground stations is usually nominated
as a control station, and the subsidiary stations
forward the results of their bearings to this
control station which, in turn, after plotting all
the bearings, transmits the resultant fix by
radio to the inquiring aircraft.

A rotating loop is restricted necessarily in its
dimensions so that its ability to pick up radio
signals is limited. In order to improve sen-
sitivity the Bellini-Tosi System of ground direc-
tion finding is used. In this system the rotating
loop is replaced by two large fixed loop aerials
placed at right angles. These aerials are fed to
a radiogoniometer, a device which may be com-
pared to an alternator in that it consists of an
armature rotating in the field produced by two
stator windings. These fixed field windings are
placed at right angles, and are connected respec-
tively by radio frequency transmission lines to
the fixed aerial lcops. The rotating armature
consists of a winding which, in turn, is connected
by a slip ring device to the direction finder re-
ceiver. It may be shown that an incoming radio
signal inducing e.m.f.’s in the aerial loops sets
up a resultant field via the fixed coils of the
radiogoniometer, the direction of which resultant
field is the same as that of the field incident
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Fig. 3.—Application of Ground Directicn Finding System
in Germany.

upon the aerials. The armature of the radic-
goniometer is now rotated just as a rotating
loop would be rotated until a minimum signal
is received, and the direction of the incoming
signal is read off from a calibrated dial.

The application of the ground direction finding
system of giving navigational aids to aircraft in
flight is well illustrated in Fig. 3, which shows
radio direction finding stations in Germany. It
will be noted that these stations are so placed
that an aircraft in flight over almost any portion
of the country may be given information regard-
ing its location by the process of taking bearings
from two or more stations.

One of the big disadvantages of loop type
ground direction finding systems is that bear-
ings are subjected to the so-called night effect,
as a result of which varying and false readings
are obtained. These false readings have
been proved to be due to that part of the
radiated field of a transmitter which is reflected
from the ionosphere, that is, the so-called in-
direct ray. As for the radio frequencies used
such reflected fields only reach an appreciable
magnitude between the hours of sunset and sun-
rise, it will be seen how the term “night effect”
has been introduced. During daylight hours
receiving aerials are influenced only by the direct
radiation from an emitter and, generally speak-
ing, this direct radiation, except for an aircraft
directly overhead, is vertically polarised, that is,
adopting the wusual convention, the magnetic
vector of the electro-magnetic wave is horizontal
and the electric vector vertical so that the em.f.
induced in a loop may be regarded as being ‘due
to the cutting of the vertical sections of the
loop by the magnetic vector. No e.m.f. would be
induced in the horizontal portions of the loop as
the magnetic vector would be parallel to such
portions.  After sunset, however, when the
down-coming ray from the ionosphere is received,
the plane of polarisation is invariably rotated to
a greater or lesser extent, i.e., the magnetic
vector, instead of remaining horizontal, has com-
penents in the vertical plane. These components
act upon the horizontal members of a rotating
loop end produce em.f’s giving false bearings.
To overcome the phenomenon of night effect, the
Adcock Aerial System was developed. Such a
system is shown diagrammatically in Fig. 4.

It will be noted that the fixed loops of the
Bellini-Tosi System have been replaced by two
U-shaped aerials each consisting of two vertical
wires spaced diagonally, the wires being con-
nected to the receiving hut by sereened or bal-
anced radio frequency transmission lines. By
this construction there are no horizontal mem-
bers of the receiving system that are capable of
picking up any appreciable signal, so that the
receiving system is sensitive only to the direct
normally polarised ray and insensitive to any
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abnormally polarised radiation that may be
down-coming’ from the ionosphere.

The radio carrier frequencies (wave-lengths)
that have been used almost universally until

VERTICAL
AERIAL. SO Fr.HIGH

VERTICAL AERIAL
FOR QBTAINING
i SENSE

Fig. 4.—Typical Adcock Ground Direction Finding Station,

quite recently for ground direction finding were
of the order of 300 ke. (1,000 metres), the whole
of the ground direction finding system of the
Continent of Europe having been built up by
using frequencies of this order. Propagation of
these frequencies is good, giving bearings from
150 to 300 miles, although a system is rarely
expected to work at distances greater than 100
miles because the design of a ground network is
such that for reasons apart from radio propaga-
tion direction finding stations must be placed at
distances not exceeding approximately 200 miles.
However, even over short distances, the big dis-
advantage of these medium frequencies is that
under conditions of high atmospheric disturb-
ances reception becomes extremely difficult and
at times impracticable, so that the giving of
bearings is impossible. In recent years, there-
fore, attention has been given to the design of
direction finding systems using intermediate and
high radio frequencies extending from two to
20 megacycles (150 to 15 metres). The noise
level on this frequency band is considerably less
and propagation characteristics are such that
good signals may be obtained over great dis-
tances. The radiation of the frequencies, how-
ever, is subject to extreme abnormal polarisation
so that the use of receiving aerials of the Adcock
type is essential and all the equipment must be
carefully balanced and screened.

The use of intermediate and high radio fre-
quencies is simplified considerably by replacing
the headphones of the direction finding receiver
by a cathode ray tube so that incoming signals
may be viewed as a trace on the screen of the

tube, i.e., the direction is obtained by using tle
sense of sight rather than the sense of hearing.
Moreover, as the screen of the tube is calibrated
in 360 degrees, the bearing is given instan-
taneously, a great improvement over the com-
paratively tedious method of tuning a radio
receiver until a minimum signal is received in a
pair of headphones. Furthermore, the trace of
an incoming wave stands out vividly against a
background of even high atmospheric interfer-
ence.

A further interesting development that is
being undertaken in the design of direction find-
ing systems in order to overcome the effects of
abnormal polarisation is the making use of an
adaptation of the experimental methods that
have been used for conducting research regard-
ing the extent of the various regions of the
ionosphere. An electro-magnetic pulse having a
duration of a small fraction of a second is sent
out from a transmitter and, because of the fact
that an indirect ray reflected from the ionos-
phere must travel a greater distance than the
direct ground ray, the latter reaches the receiver
first. This received signal may be so applied as
to give error-free bearings.

Radio Compass or Homing Device.

The use of the radio compass or homing device
as an aid to aerial navigation may be regarded
as a reversal of the ground direction finding
system previously described, in that the trans-
mitter is on the ground and the rotating loop
on the aircraft. When used as a simple homing
device the loop is fixed in a definite relation to
the centre line of the aircraft, and it is con-
nected through a radio receiver to a centre zero
meter on the instrument board. The circuit ar-
rangements are such that when the aireraft is
directed exactly at a transmitting station, the
meter reads zero. If the aircraft deflects to the
right or the left the centre zero indicator moves
accordingly. By this means an aircraft may be
brought ‘directly over a ground transmitting
station. In more elaborate adaptations of this
system of navigation the loop is rotated by an
operator and bearings are obtained on two or
more ground stations, and by this means a
definite fix of the aircraft in space may be
obtained. The device usually operates on fre-
quencies lower than 1,000 kec. so that any radio
station operating on a frequency lower than this
value may be used for obtaining bearings.

Equi-Signal Beam Systems.

In equi-signal beam systems designed to assist
aerial navigation, use is made of the particular
field pattern set up in space by the radiation
from a loop energised by a radio transmitter,
i.e., the process of ground direction finding is
reversed, in that the loop is used for transmit-
ting and not for receiving. In practice, two
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large crcssed loops are used, the loops being
energised alternately. The system may be ex-
plained by reference to Fig. 5, where the two full
circles represent the field pattern produced in
space by oae vertical transmitting loop, and the
two broken circles represent the field pattern
produced by the second loop placed at right
angles to the first one.
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Fig. 5.—Production of Bqui-Signal Courses or Beams Using
Medium Radio Frequencies.

If the loops be energised alternately it will be
noted that there are four directions in space
where the circles intersect and where the signal
would always be received by an aircraft in flight.
In practice, the energy fed to the loops is keyed,
and Fig. 5 is illustrative of the so-called “A” and
“N” System. One loop is keyed to send out a
modulated signal representative of the Morse
symbol for the letter “N”’; the other loop trans-
mits the letter “A”:. If the spacing between the
dots and the dashes of the “A’s” and the “N’s”
is so arranged that the two signals interlock,
then an aircraft flying in the “N” zone will re-
ceive such a signal on a radio receiver tuned
to the transmitter; if flying in the “A” zone he
will receive the letter “A”; and if flying in the
zones covered by both the “A” and the “N”
signals then a constant tone is received. This is
made clear in the lower portion of the figure,
where five positions of an aircraft are shown,
and the signal received in the aircraft is indi-
cated. This figure also illustrates how the “A’s”
and the “N’s” are so spaced as to interlock and
so give rise to the continuous signal that is re-
ceived when an aircraft is flying on course.
The system may be so designed and adjusted
that the equi-signal zones providing the con-
tinuous signals have a spread of approximately
three degrees.

In Fig. 5 the courses are spaced at 90 degrees

but by again making use of the omni-directional
field set up by a vertical radiator in conjunction
with the field produced by the crossed loops, and
by adjusting the value and phasing of the cur-
rents in the vrespective radiators, individual
courses may be bent over angles from 45 degrees
to 135 degrees so that, by this means, the one
beam transmitting station may be used for set-
ting up courses over a wide range of the points
of the magnetic compass.

The crossed loop system of transmitting equi-
signal beams is subjected to the same errors
from night effect as the ground direction find-
ing receiving loops. To overcome this disadvan-
tage crossed loops are replaced by vertical
radiating systems after the principle shown in
Fig. 4. Since the system is used for trans-
mitting, however, the whole of the equipment
must be of a much heavier design. The vertical
aerials consist of four self-supporting steel
towers each 125 ft. high and spaced on 600 ft.
diagonals. Each tower is furnished with an
extensive earth system, and must be illuminated
with aircraft warning lamps. The fowers are
connected by underground radio frequency trans-
mission lines to a transmitting station situated
in the centre of the site, from which point also
50-cycle power is supplied by cables to each
tower for lighting purposes. It will be realised
that such an installation is fairly costly, and
necessitates a high capital outlay when a con-
tinental-wide service is under consideration.

The equi-signal radio beam system has been
developed extensively in the United States of
America where it forms the main radio naviga-
tional aid to what must be one of the largest
commercial aviation organisations in the world.
Altogether, serving the domestic airlines within
the boundaries of this country, there are some
140 beam stations varying in rated power from
15 to 2,000 watts. The application of the system
particularly from the viewpoint of delineating
definite air routes, is shown in Fig. 6.

A close study of the medium frequency radio
beam system shows that, notwithstanding its
acknowledged success, it has, from the view-
point of the radio engineer, certain disadvant-
ages. In stating these disadvantages it should
be remembered that the commencement of the
installation of the American system was made
approximately 10 years ago, and that it has been
constantly developed since that date until now
some millions of dollars of capital have been
expended upon it. Developments in the science
of the propagation of radio signals since the com-
mencement of the design of this system have
been extensive so that, in considering the appli-
cation: of an equi-signal radio beam system to
another continent, it was only natural that these
developments should be taken into account, with
a view to determining in what way the American
system should be modified.



Page 276 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Decemler, 1937
g
S
e
\’\
sy — e, iz
/—’:spouuz R }
PORTLA! 7‘1#‘/{ ]) \
4
[ & suTT FARS =y il
\ Rk CEE &
/d\ g L MINP(AQOLIS\,‘.‘“ ALB‘:NT
\., S/ \o’ —"‘éurru.o /
b \ i NS /*/ . | £
L i JNEWARK
B e e s =
T LAK o = o e @ o <
e S o =ik / w”°"5r/WA;ii°:r:N,
@ MiroRD " W X AN 4 3 / cmcnuwcrl ’
puEsLO 9. ‘T/_'\ g 5VLOU'5 / /j
1 0 S -
/’?\’r\kv ALBUGUERQUE ¥ / / o 7 ‘EASPMLL: S // /
P Y ik, y '
o —— \BKLAHAMA S ‘{_7—. MEMPHIS v
Tucso V /R / \CHARLE STON
B l\il\é\KQ rf'—<7 wcn;"/.t\'::‘\—=>!‘ / ALMA ﬁ
A
" N s ;/
~6— RADIO BEAM STATION \ )
! \'ANTONlO
il \ 1AM
\.

-)‘i:v wesT
P -TY Sy

Fig. 6.—Application of Radio Beam System in the United

The equi-signal radio beam systems in the
United States of America operate on radio fre-
quencies between 200 and 400 ke. (1,500 to 750
metres), and practice has shown that mainly
because of this fact the following difficulties are
experienced :—

1. Interference from electromagnetic disturbances set
up by thunderstorms and by rain, dust, and snow-
storms is at times severe.

. Night effects limit the range of stations to approxi-
mately 30 miles.

. Because of the comparatively long wave-lengths
used, the costs of radiating systems to reduce night
effects are high.

. Reflections from the ground of the propagated waves,
particularly in broken country, cause the equi-signal
beams to become split or, in other words, multiple
courses are set up, i.e., instead of there being only
the one equi-signal course in a particular direction
there may be several courses, all of which but one
would be false. These multiple courses vary with
distance from the station, and also with the height
at which an aircraft is flying.

. Because of the extensive earthing system which
enters into the radiation circuit of a beam station,
variations in soil conditions immediately below the
aerial cause the courses to shift by as much as 15
degrees, i.e., variation of vegetation, snowfalls, and
alteration of conditions brought about by seasonal
effects do, unless particular care be taken, cause a
beam to be deflected from the course for which it
was originally set.

. The propagation characteristics of the radio {fre-
quencies are such that there is a comparatively high
indirect ray reflected from the ionosphere. This ray
may be received at some distance from the station
and so cause a severe limitation of the extent to
which the already limited number of frequencies
that are available may be used by more than one
beam station.

States of America.

Ultra High Frequency Equi-Signal Radio
Beam Systems,

Many of the difficulties: outlined above would
be overcome if, instead of using that portion of
the frequency spectrum between 200 and 400 ke.,
ultra high frequencies in excess of 30 megacycles
were used for transmitting the equi-signal
beams. The concentrated research upon these
frequencies during the past few years has shown
that satisfactory reception utilising them is pos-
sible for a short distance beyond the so-called
optical range between the transmitting and re-
ceiving points. The optical range for various
heights above the surface of the earth is shown
in Table I, the heights listed being the sum of
the heights of the transmitters and receivers.

s

" TABL
"~ Heightin feet. Range in miles.

00 - 27

1,000 39

1,500 47

2,500 61

5,000 87

6.667 100

110,000 122

The spacing on the ground of equi-signal radio
beam stations is determined to a large extent
by the characteristics of the air route. For in-
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stance, a beam station should be located at all
important intermediate and terminal airports
and, in practice, it is found that stations are
required at the most at distances from 150 to 200
miles. Preferably, they should be located at
much closer intervals, and so act as markers for
as many intermediate landing fields as is pos-
sible, and at the same time provide a wider
margin of safety in the event of a temporary
equipment failure at one station for, in the event
of such fai'ure, the gap temporarily without a
radio navigational aid would be considerably
reduced. In other words, a comparatively large
number of small-powered beam stations is to be
preferred to a smaller number of higher-powered
equipments. It will be realised, therefore, that
even if ultra high frequencies be propagated
only over optical distances, the ranges shown in
Table 1. are quite adequate to permit their use
for radic beam purposes, particularly when it is
remembered that by governmental regulation
aircraft must fly at a height in excess of 1,500
ft. and in normal daily operation fly at heights
from 5,000 to 10,000 ft.

Prior to 1935 an wultra high frequency equi-
signal radio beam system had been developed by
C. Lorenz, of Berlin, primarily for use as an
approach beam and low ceiling landing aid for
use in conjunction with ground direction finding
systems. The radiating system of this radio
beam equipment is particulariy simple, and is
illustrated diagrammatically in Fig. 7.

The radiating elements consist of three half-
wave dipoles supported upon a wooden frame-
work and represented in (a) of the figure. The
centre dipole is coupled at the mid-point to the
beam transmitter. The outside dipoles are
broken at the mid-point, but they may be con-
verted to a resonant condition for the operating
frequency by a connection across the mid-points
introduced by the operation of a relay. In Fig.
7 (a) the dipole R:'is shown in the resonant con-
dition so that it becomes energised parasitically
by the radiation from the centre dipole. Dipole
R: then also radiates and the phase relationship
between the two radiations is such that the
circular field pattern of the centre dipole radiat-
ing alone becomes elliptical as shown in the left-
hand portion of (¢), i.e, radiation in the direc-
tion from S to R. is reduced, whilst in the direc-
tion of R: to S it is increased. If, now, the con-
nection across the centre point of dipole R. is
opened and that across R: is completed, R: be-
comes parasitically energised, causing a maxi-
mum resultant field in the direction of R- to S
and a minimum field in the direction of S to R-
as shown in the right-hand portion of (¢). Thus,
the operation of the relays produces an alter-
nating field, and where the two fields overlap, as
shown in (c), a continuous field is set up. This
continuous field forms an equi-signal beam. If
now, the relays are arranged by a keying system

to produce dots and dashes, the timing of which
is such that the dots fill the space between the
dashes, then an aircraft flying in the field of one
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7.—Production of Equi-Signal Courses or Beams Using

Ultra High Radio Freguencies.
Electrical Communication, Vol. 15, No. 3, Jan,,
ellipse would receive dots, in the field of the
other ellipse dashes would be heard, whilst when
on course a continuous signal would be experi-
enced. This is made clearer by reference to (d)
of Fig. 7. In practice, an aural signal is used
supplementary to a visual indication given on a
centre zero meter which is located on the instru-
ment board of the aircraft. When an aircraft
is flying on course this instrument reads zero,
when off course in either direction the centre
zero instrument reads accordingly.

The comparative simplicity of the Lorenz
System is appealing and, although it had not
been used for any purpose other than a low
ceiling landing aid, its apparent advantages were
such that tests were conducted in Australia to
determine its suitability for long distance radio
beam work. These tests have shown that for
this purpose it is quite satisfactory, giving
reliable reception in aircraft not particularly well
screened or bonded to distances beyond 100 miles
without any indication of multiple courses or
interference frem atmospheric disturbances. This
latter factor zlone is a tremendous advantage
when one considers the large portions of Aus-
tralia where it would have been quite impractic-
able to have considered the use of beam systems
operating on frequencies between 200 and 400 ke.

In (¢) of Fig. 7 two courses are shown from
a transmitter, each 180 degrees apart. No diffi-
culty is anticipated in bending these courses to
at least 22% degrees. For the production of
more than two courses it is probable that an
additional transmitter operating from a separate
radiating system and utilising a different carrier
frequency will be required. Such an arrange-
ment will have distinct operating advantages in

Fig.
1937.
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that there will be a marked differentiation in the
pairs of beams emanating from any one par-
ticular station. In any case, under existing Aus-
tralian conditions the number of stations from
which more than two beams are required will
not be great for some time to come.

Summing up the foregoing, it may be stated
that the ultra high frequency system has been
proved to be superior to the medium frequency
scheme from the electrical view-point, it is more
economical to install mainly because of the
simple type of radiating system required, and it
provides the possibility of installing a uniform
scheme throughout the whole of the Australian
continent. A further advantage of using ultra
high frequencies is that such a system may be
used by the installation of an alternative radiat-
ing system to provide the service for which it
was originally designed, i.e., an aid to the land-
ing of aircraft under low ceiling conditions. In
these circumstances it would be possible to
utilise the same equipment in the aircraft both
for navigational and landing purposes, a simplifi-
cation having advantages from the viewpoints of
cost, weight, instrument panel layout, and ease
and simplicity in operation.

Discussion on Radio Aids to Aerial Navigation.

The principal characteristics of the radio
navigational aids that have been mentioned in
the first part of this paper may be summarised
as follow:—

Equi-Signal Radio Beam Systems.

Equi-signal radio beam systems provide a con-
tinuous signal to an aircraft in flight, so that as
long as a pilot is on his course he has a definite
indication to that effect. This receipt of a con-
stant signal has a very favourable psychological
reaction upon the pilot. An equi-signal beam
indicates the shortest distance between two
points, thus tending to. fast, economical opera-
tion, an important factor when the running costs
of high-powered, costly modern transport air-
craft are considered. The pilot is the only indi-
vidual entering into the navigation so that the
possibility of errors due to the human factor is
reduced to a minimum. The eqguipment required
in the aircraft is a simple receiver which is light
in weight and costs little to install. The com-
plicated costly portion of the service is on the
ground, and consists of relatively few stations
staffed by expert technicians. The fact that the
aivcraft equipment is so simple permits of its
being used by private fliers not necessarily
engaged in commercial transport. In other
words, the cost of the radio navigational equip-
ment is comparatively negligible as compared
with the cost of even the cheapest type of air-
craft. Subject to limitations regarding the
height and speed st which aircraft must fly, and
these limitations are only mnecessary on the
busier routes, there is no limit to the number of

aircraft that an equi-signal beam system may
handle. Furthermore, when a route is marked
by an equi-signal radio beam there is little, if
any, need to install light beacons, a very import-
ant economical factor in laying out an organised
air route. Disadvantages of the beam system
are that it gives direction only and the fact that
any one particular beam station provides only a
limited number of courses.

Ground Direction Finding Systems.

With ground direction finding systems a fix
is given in space to an aircraft in flight subject
to the time that it takes for the co-operating
eround stations to determine the necessary bear-
ings. This time may in certain cases be as
great as three minutes, so that with a modern
aircraft travelling at 180 miles per hour the
aircraft would have travelled nine miles from the
time the signals on which the measurements
were taken were sent out. Aircraft may be
brought to the airport from any point of the
compass although experience in Europe indicates
that for the final 20 or 30 miles an approach
equi-signal radio beam system should be used to
supplement the ground direction finding station.
Fixes from ground direction finding stations are
usually given at, say, 15-minute intervals, and
between these intervals it is quite possible for
an aircraft to drift dangerously. In any case,
this drifting causes unnecessary flying time and,
therefore, higher running costs for the aireraft.
The responsibility of operating the radio aid to
navigation is dependent upon operating personnel
in the aircraft and on the ground so that the
possibility of error due to the human element is
high. Furthermore, on larger aircraft the in-
creased attention that must be given to the
operation of the radio equipment necessitates ‘in
general the employment of a third member in
the aireraft crew, thus further increasing run-
ning costs and reducing payload. The aircraft
equipment required is comparatively complicated,
costly and heavy, and cannot be regarded as
being suitable for lighter type of aircraft which
it is hoped will be used more and more exten-
sively by private fliers. The system in operation
has shown that there is a definite limit to the
number of aircraft in flight which a ground sta-
tion may handle, and in certain busy European
airports when climatic conditions become unfav-
ourable to flying this factor places a serious
limitation upon the effectiveness of the system.
In order to reduce the drift between fixes to a
minimum the question of the installation of
comparatively costly light beacon systems on
the flying routes between airports cannot be
altogether disregarded.

Radio Compass or Homing Device.
The radio compass will bring an aircraft in
from any point of the magnetic compass and,
subject to the distance that is covered during
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the time taken to make observations, a fix is
given in space. The sole responsibility of navi-
gation is upon a member of the aircraft per-
sonnel. The radio compass may make use of any
ground radio transmitting station operating on
frequencies lower than, say, 1,000 ke., but when
flying in heavy cross winds the course taken by
an aircraft would be parabolic, i.e., it would not
be the shortest path between two points, so that
unnecessary flying time would be occupied with
its consequent increase in running costs. More-
over, this deflection from a straight course may
introduce flying hazards into the actual course
taken. The aircraft equipment is complicated,
costly and heavy, and does not lend itself to
the installation of dual navigational equipment
which should be provided to ensure service in the
event of failure of one equipment, particularly
when the apparatus is comparatively compli-
cated. Perhaps the main use of the radio com-
pass is for military fiying purposes, and on large
commercial aircraft as an adjunct to one or
other of the other two systems discussed.

In considering the application of one or other
of the above systems to Australian conditions,
where ground stations may be spaced over wide
areas at intervals not exceeding 150 to 200 miles,
it may be concluded that the equi-signal radio
beam system has definite advantages. In arriv-
ing at this conclusion, it is to be remembered
that in 1935 the radio aids to aerial navigation
of any type that were in existence were
negligible, and it was not necessary, therefore,
to consider the possibility of any wastage being
incurred due to the scrapping of existing
systems. Important flying routes within the
Commonwealth of Australia are restricted to
definite courses between the larger centres of
population so that the limitation of the beam
system from the viewpoint of a restricted num-
ber of courses is not a serious disadvantage.
The fact that, by using ultra high frequencies,
a system for the whole of the continent, subject
to the limitations imposed by the Commonwealth
of Australia Constitution Act, may be designed
on the basis of unified control is important, both
from the viewpoint of introducing a uniform
system and in the allocation of the radio fre-
quencies required. It is difficult to stress the
tremendous advantage that Australia has in
these matters when compared with a continent
like Europe where the conflicting interests of
the various nations make unanimity almost im-
possible.  Ultimately, with equi-signal beam
systems installed throughout the whole of the
Australian continent, any aircraft equipped with
a simple type of receiver could fly any route, and
the expenditure incurred in installing the neces-
sary navigational aid apparatus would be small.
Finally, economic studies indicate that, from the
viewpoint of the ground equipment alone, radio
beam systems are more economical to operate.

If the simplified type of aircraft equipment that
is required for the beam systems be taken into
consideration, these economies become greater,
particularly in the future when the number of
aircraft in constant use must increase tremen-
dously over that at nresent licensed.

Aeronautical Radio Services.

It is essential that aircraft in flight should be
able to conduet regular two-way communication
with ground radio stations. Such communication
services are referred toas aeronautical radio ser-
vices, and are necessary to permit an aircraft to
furnish regular reports, say at 15-minute inter-
vals, regarding its position and progress on its
flying schedule; to give details of flying condi-
tions, particularly in regard to weather, for such
information is an important adjunct to the data
received for weather forecasting purposes; to
receive from the ground details of weather con-
ditions over the portions of the route yet to be
flown; to receive instructions regarding landing;
and to handle service messages regarding book-
ings, luggage, passengers, meals, etc. Further-
more, in some countries passengers are per-
mitted to transmit private messages whilst the
aircraft is in flight.

It is important to decide whether two-way
radio communication with aircraft should employ
telegraphic or telephonic mezns of communication.
Telegraphy is commercially possible on radio
field strengths of considerably less value than
those required for telephony. For instance, in
the frequency band from two to six megacyecles
it has been stated that reliable commercial tele-
graphy may be worked on field strengths as low
as five microvolts per meter, whereas for corre-
sponding conditions, to obtain the same degree of
intelligence on telephony, field strengths as high
as 50 microvolts per meter are required. Tele-
phone modulated equipment is much heavier
than correspondingly powered equipment neces-
sary for telegraphy. It is generally admitted,
however, that for a modern transport aircraft
two men are required solely for the operation
and navigation of the aircraft in flight, and that
telegraphic communication demands the atten-
tion of a third member of the crew skilled in
morse operation. Telephonic messages, however,
can be readily handled by a pilot or his assistant.
It will, therefore, be seen that on this basis, for
telegraphic operation, a third man is required
thus reducing considerably the paying load of
the aircraft and at the same time increasing run-
ning costs. Generally, it may be concluded that
the use of telephony is justified for intracon-
tinental services over populous routes where, for
other reasons as well as for communication with
aircraft, ground stations must be placed at fairly
regular intervals. On intercontinental routes
employing larger aircraft, and where ground
stations frequently must necessarily be spzced
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at greater distances, the use of telegraphy is
the standard practice. Furthermore, aircraft
of the type employed on these routes are such
that the carrying of a third man in the crew
for the operation of the aeronautical and air
navigation radio services is fully justified, re-
membering that the latter type of service must
be of the ground direction finding system type,
necessitating considerably more work in the air-
craft than is required for equi-signal radio beam
operation.

In Europe the practice has been to use radio
frequencies of the order of 300 ke. (1,000
metres) for aeronautical radio services. The pro-
pagation characteristics of these frequencies are
well-known but, as mentioned previously, they
suffer from a very serious drawback in that the
noise level on them from atmospheric interfer-
ence is particularly high. In other countries
attention has, therefore, been given to the use
of that portion of the radio spectrum between
two and six megacycles, and in the United
States of America and the Union of Soviet
Socialist Republics extensive aeronautical ser-
vices have been built up employing these fre-
guencies; in fact, the whole of the intricate
structure of the organisation for such services
in the former country is based solely upon the
use of them. Their advantages are that atmos-
pherics are less troublesome, radiating systems
may be constructed more efficiently because of
the shorter wave-lengths (this applies particu-
larly on the aircraft), and the aircraft trans-
mitting and receiving equipment is much more
compact. Furthermore, experience in operating
these frequencies in point to point rzdio ser-
vices on the ground cannot be translated directly
in order to determine their suitability for effect-
ing communication between the ground and air-
craft in flight, particularly in so far as the
phenomenon of skip distance is concerned. There
is undoubtedly evidence to state that, in com-
municating with aircraft, the skip distance effect
so well-known in point to point operation on the
ground is not extensively experienced. The pro-
pagation characteristics of the band are such
that dual frequency operation is required, one
frequency towards the lower portion of the band
being used for night operation and another to-
wards the upper end of the band for day work-
ing. Once a system has been developed utilising
these frequencies there is every evidence to indi-
cate that it will operate more satisfactorily than
a system utilising the lower frequencies around
300 ke.

The ground stations for intracontinental aero-
nautical radio services should be spaced from 100
to 200 miles apart, depending upon the routes
flown and the traffic conditions pertaining on the
routes. They should be operated on the “Watch”
principle, i.e., any one particular route extending
say, across a continent, would have allocated to

it one set of operating frequencies, for use at
all stations both on the ground and in the air-
craft, and a continuous watch would be kept on
these frequencies by all ground stations. The
powers of the ground transmitters should be
from 150 to 1,000 watts unmodulated carrier in
the aerial, the figure of 400 watts being normal.
Although telephone modulated signals are nor-
mally transmitted, the equipment should be
designed: to permit of operation in case of emer-
gency on continuous waves and modulated con-
tinuous waves. As stated previously, par-
ticularly when intermediate radio frequencies
are used, the radio stations should be capable
of operation on at least two frequencies, prefer-
ably three, and should be designed for remote
control, including remotely operated facilities,
for changing the carrier frequency. From this
it will be inferred that there is no need to have
a technical staff in constant attendance at the
transmitters. Crystal control of the carrier fre-
quency is almost if not absolutely essential,
whilst modern practice demands that all ap-
paratus should be operated direct from alternat-
ing current supply mainsg, i.e., the use of rotating
machinery is avoided as much as possible.

Aircraft transmitting sets (aircraft stations),
should be capable of operating on at least two,
and preferably three, carrier frequencies. To
permit the equipment being placed in suitable
locations apart from the pilot’s cabin, and yet
retain within that cabin all essential operating
facilities, all equipment should be designed for
remote control. Carrier frequency stability
should be determined by piezo-electric crystals
and, as stated previously, for intracontinental
routes the equipment should be telephone modu-
lated and capable of delivering an output of 50
watts of unmodulated carrier to the aerial. An
important feature in the mechanical design of
the transmitting sets is that they should be
readily demountab’e from the aircraft to permit
of maintenance, spare sets being installed whilst
the overhaul is proceeding.

Aircraft receiving sets should be of the super-
heterodyne type with the oscillators crystal-con-
trolled, and designed to receive at least two
radio carrier freguencies. As for the trans-
mitter, receiving apparatus should be designed
to permit of mounting in convenient positions
apart from the pilot’s cabin, operation by the
pilot being completed remotely either by control
wires or electromagnetic switching, this remote
operation to include frequency changing. All
equipment should be designed to permit of rapid
detachment from the aircraft to allow regular
maintenance.

Ilustrative of the design of a telecommunica-
tion net-work for aeronautical radio services is
the development within the United States of
America where the various airway companies
operate some 140 stations, whilst in addition the
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governmental authority controlling civil flying
owns and operates a further 68 radio stations
capable of communicating with aircraft in flight.

Point to Point Ground Communication.

An organised system of air transport neces-
sitates constant and reliable communication be-
tween ground stations at airports and between
landing fields and weather reporting stations
along a scheduled flying route. This communi-
cation channel is required for the transmission
of meteorological information, notices regarding
the despatch and arrival of aircraft, information
relative to conditions of w@aerodromes and any
such emergency intelligence as it may be neces-
sary to transmit from point to point in order to
ensure added safety to air navigation. In cer-
tain instances, communications of the govern-
mental authority controlling air services are
transmitted, particularly in relation fo accidents
and the transfer of material and spare parts
such as are required to ensure reliable and safe
flying operations. Furthermore, terminal and
intermediate airports must have ready means of
being kept informed regarding passenger reser-
vations and cancellations.

At first glance it would seem that this com-
munication traffic could be handled by the aero-
nautical radio stations and to a certain extent
such is the case, but experience in many parts
of the world has shown that, where the number
of scheduled air flights along a route reaches
any magnitude at all, land wired circuits must
be employed. In other words radio communica-
tion, which at any time is a poor substitute for
wired communication, should be reserved for
those services for which its use is absolutely
neecessary, i.e., for communication between ground
and aircraft in flight. As indicative of the
application of this principle, a map of Germany
showing the wired circuits employed solely for
point to point ground communication relative to
air services is shown in Fig. 8. In the United
States of America the governmental authority
controlling the airways operates a wide wire net-
work, used mainly for weather reporting pur-
poses, having a total length as at June, 1936,
of 13,151 miles. In addition, in that country, the
various airways operating companies have priv-
ate wires to the extent of some thousands of
miles, apart from the use they make of the tele-
typewriter exchange service. On these wire cir-
cuits it is the practice, both in Europe and in
the United States of America, to utilise machine
telegraph systems employing teleprinters.

Airport Control Radio Services.

At airports where traffic reaches any reason-
able dimensions it is necessary that facilities be
provided for directing, from an airport control
tower, the arrival and despatch of aircraft. Such
direction is required to prevent the landing field

being employed simultaneously by more than one
machine, to give instructions regarding the run-
way that should be used in taking off or landing,
and to give directions regarding the gate of the
airport to which the aircraft should be taxied
after landing. A certain amount of this traffic
may be handled by semaphore methods, but for
giving directions regarding landing, which direc-
tions may be necessary when an aircraft is
some 20 or 30 miles away from an airport, radio
communication must be used.

Frequently, small transmitters of limited
range are installed in the control tower of an
airport, these transmitters operating on a fre-
quency which can be tuned in on the aircraft
receivers that are used for either air naviga-
tional or aeronautical radio purposes, preferably
the latter.

Radio Broadcasting of Weather Conditions.

Experience has shown the necessity of the
personnel of an aircraft being kept informed
regarding the weather conditions to be met on
the route ahead of the aircraft during the pro-
gress of a flight. This communication service
may be provided by first designing a ground
system to collect weather data at selected report-
ing stations along the course of the aircraft, and
then arranging for the broadcasting of these
reports from radio stations placed along the
route. A weather report for aviation purposes
should supply details regarding the height of
flying ceiling, extent of cloud, visibility, weather,
obstructions to vision, temperature, dew point,
wind, barometric pressure, and field observa-
tions. At each reporting station these observa-
tions are made hourly, and are communicated to
the appropriate radio station for immediate
broadcasting. A working system may best be
described by explaining the conditions that
existed at Los Angeles, U.S.A., in May, 1935.
This city is the junction of four scheduled air
routes and receives hourly weather reports from
stations along all these routes. These reports
were broadcast hourly as follows:—

Om the hour N S I X L.e PO TS on s route=NoSE
At 10 min. past the hour .... six reports on route No. 2;
At 15 min. past the hour .... three reports on route No. 3;
At 30 min. past the hour .... the report for Los Angeles;
At 50 min. past the hour .... ten reports on route No. 4.

In addition, at five min. past the hour the
upper air reports obtained by pilot balloon obser-
vations at Los Angeles were broadcast, and at
a stated time four times daily the airway
weather forecasts for each of the four airways
previously mentioned were also radiated. By
this means the personnel of any aircraft within
the range of the broadcasting station would be
kept informed regarding the weather ahead in-
cluding upper air conditions and, in the event
of the receipt of adverse reports, would have
ample warning to take such steps as are neces-
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sary—such as landing at an intermediate airport
—in order to ensure safety.

Weather radio broadcasting service has been
given in many countries over the same communi-
cation channel as the radio navigational aid.
With the growth of air transport, this method
has serious disadvantages in that the interrup-
tion to the navigational aid causes considerable
inconvenience and at times a hazard to aircraft
in flight. If the aeronautical radio stations be
used solely for communication with aircraft, that
is, if all point to point service on the ground be
conducted by telegraphy over wired circuits, then
it is thought that a communication traffic study
would show that, for Australian conditions for
some considerable time to come, all weather re-
ports to aircraft in flight could be handled by
the aeronautical stations. By this means the
provision of special weather broadcasting sta-
tions could be avoided with a consequent reduc-
tion in the cost of establishing the radio ground
organisation, and aircraft radio equipment would
be simplified, thus resulting in even further
economies,

Conclusion,

As an example of the application of the ser-
vices outlined in this paper, there is shown in
Fig. 8 the ground organisation that existed in
March, 1935, for the provision of telecommunica-
tion facilities on the airway between San Fran-

cisco (Oakland), and San Diego, California,
U.S.A.
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Fig. 8.—Communication Services on Typical American
Aijr Route,

- A study of this figure will indicate that on
this route of approximately 460 air miles there

are some 20 landing fields, 10 teletype stations
for reporting weather conditions and conducting
other point to point communication services, five
equi-signal radio beam stations of various
powers, two radio marker beacons, three radio
telephone stations for broadcasting weather con-
ditions and four aeronautical radio stations.

As further evidence of the extent to which
communication services are congsidered necessary
in the organisation of commercial air routes,
the following statistics relating to the services
controlled within the United States of America
by the Bureau of Air Commerce as at June,
1936, are furnished:—

Combined weather broadcast and equi-signal

radio beam stations (full power) ... .... 56
Weather broadcast stations (full power) ... 16
Equi-signal radio beam stations (full power) 32
Equi-signal radio beam stations (medium

DOWEIWRF TR RAMBlle Move o et bl el 41
Equi-signal radio beam stations (low power) 11
Non-directional radio marker beacons .... .... 56

Point to point radio telegraph stations (em-
ployed chiefly on routes where wired com-
munication circuits are not available) ... 68

Teleprinter stations for weather reporting 210
Radio ioperators employed .... .... ... ... ... 580
Airway keepers employed .... ... .. . . 296
Teletype wire circuit mileage .... ... ... ... 13,151
Teletype circuit rentals paid to the Ameri-

can Telegraph and Telephone Co. per

LI 101) SRR SN PV SR s SR 8 (e $374,488
Cost of maintenance and operation of tele-

communication services, exclusive of fore-

going teletype circuit remntal ... ... ... ... $2,145,713
Cost of telecommunications per mile of

schedirle di i nivay e e s — S $93
Gross cost of telecommunication services per

passenger mile for scheduled air lines .... $0.015

The foregoing figures do not include the costs
relating to some 245 aeronautical, point to point
and airport radio stations owned and operated
by the various commercial air transport com-
panies.

This paper summarises briefly the conclusions
relative to the subject matter discussed herein
of an overseas investigation made by the author
in 1935. The investigation was made in conjunc-
tion with Squadron-Leader C. S. Wiggins, of
the Royal Australian Air Force, but Mr. Wiggins
has not been consulted in the preparation of the
paper and is, therefore, in no way responsible
for the views expressed in it. The author is
sure, however, that he is in complete agreement
in acknowledging the unlimited assistance that
was given during the inquiry by radio engineers
in many overseas administrations, particularly
in the British and German Air Ministries, but
especially in the Air Navigation Division of the
Bureau of Air Commerce of the United States
of America.
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AN INTERESTING DELAYED ACTION CIRCUIT

Time delay devices have almost universal
application in the field of electrical science.
Flashing signs, automatic lifts, railway and road
signal operation, power station switching appara-
tus and circuit breaking appliances, all have
features requiring some form of timing control;
and these are but a few of examples which may
be called to mind in allied engineering sections.
In this diverse range of application it is evident
that many and varied principles of physics have
been exploited to evolve successful deferred
action contrivances, each possibly the most
suited to its particular need.

It is probable that automatic telephony has
created the greatest demand for such devices,
and an outstanding development of modern tele-
phony has been the evolution and almost general
adoption of one of the simplest and most reliable
timing arrangements yet devised—the slow
acting relay. This relay is ubiquitous in modern
circuit design because of the multitudinous needs
which are met by its induced field’s action of
retarding its operation and/or release. Whilst
admirable for the purpose of bridging short
intervals of time such as those which occur in
the circuit operation of automatic telephone
switches, the slow acting relay is still only cap-
able of time delays of the magnitude of a frac-
tion of a second, and as there are conditions
in automatic exchange operation which require
timing apparatus covering seconds or minutes
of sustained action, other types of apparatus
must be adopted to meet this need.

One instance is the necessity for some con-
trivance which will indicate the failure of a
bimotional switch to release after operation. The
release of a selector involves a mechanical move-
ment which normally occupies but an instant,
and a faulty return movement will tend to sus-
tain the release circuit condition for an undue
period of time. The release circuits of a group
of switches therefore, include a deferred action
alarm device which will not operate if a switch
or a succession of switches behave normally in
their release action, but if any fails in its re-
storing movement the alarm will function, to
attract attention, at the expiration of the delay
period.

In Strowger type exchanges the so called
“dashpot” relay has been installed to produce
the necessary time delay, and this relay will
provide a deferred circuit closing action which
will barely respond to the short pulse caused
by the release motion of any selector which it
serves, but the sustained closure of a faulty
release circuit will prolong the “dashpot” relay’s
action until it reaches its limit, when an alarm
circuit will be established. The dashpot consists
of a solenoid operated piston moving in a cylin-

GV WG

der of oil. The piston, in its upward movement
under the influence of the solenoid, forces oil
through a small opening, and may take some
seconds to reach its final operated position,
where it closes contacts to establish the alarm
circuit. When the solenoid circuit is opened
gravity restores the piston to its normal posi-
tion, its fall being comparatively rapid, as the
o0il is now returned through a valve opening pro-
viding a relatively low fluid resistance. This
arrangement is slow to fully operate but is much
quicker in its restoring movement. One dis-
advantage of the “dashpot” relay is that the
time of piston movement is dependent on the
viscosity of the oil used and this may vary with
temperature.

Another method is often used to obtain the
necessary delay period for release alarms, this
method is also used for signals indicating that
receivers are not properly restored to switch-
hooks after use, or that permanent fault con-
ditions exist on subscribers’ lines. A switch
of the uniselector type is operated step by step
from a pulse action generated by cam move-
ment on the exchange ringing or other rotary
machine, alternatively the pulse may be pro-
duced by interacting relays. If the pulse has
a periodicity of say 1.5 seconds then the time
taken to step 20 contacts is 30 seconds, and if a
relay initially operated at the 1st contact and
then locked electrically to the starting circuit,
is still retained in this position at the 20th step
an alarm circuit may be established having a
delayed action of at least 80 seconds. By
utilising this 30 seconds pulse in a  similar
stepping action of a 2nd switch the delay period
may be multiplied as desired. A detailed des-
cription of this system may be obtained by a
perusal of the article by Mr. Draper, in Telecom-
munication Journal, No. 5, of June, 1937, Page
196.

A thermal operated device is sometimes used
employing a bimetallic strip, which, when heated
by a resistor, is distorted by unequal expansion
of the two metals, and these slowly move to
finally establish an alarm circuit. This design
needs a comparatively long period to recover
fully after operation, and is limited in this re-
spect for general adoption.

A scheme, the subject of this article, has
recently been evolved which may prove to have
advantages over previous methods, and, apart
from other considerations, attracts attention by
the ease of its assembly and the absence of
specially constructed equipment. Its operation
introduces a principle which, it is believed, is
new to telephone work.

The new design was developed after considera-
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Fig. 1l.—Relationship between anode current and
grid potential of typical triode amplifying tube.
tion of the behavior of the ordinary triode
electron tube when subjected to grid control.
This is illustrated in the familiar characteristic
graph shown in Fig. 1 which indicates the
behavior of a tube used in trials of the new
circuit. This graph depicts the effect of the
application of gradual increases of negative or
bias potential to the grid of a tube, this varying
bias causing a decline in the anode current until
the so called “cut off” point is reached, where
the current falls to zero, and remains at zero
with any further increase in negative grid poten-
tial. It will be seen by reference to the graph
that, whilst at all grid potentials exceeding the
cut off point of 14V negative no anode current
flows, at lower negative values the current in-
creases at progressively greater rates until, at
zero grid potential, the value of 4.8 milliamps is

reached.

The actual timing element of the new device
is a charged condenser connected to a charge
dissipating resistor, the time of discharge being
dependent on the respective values of the
quantity of charge held, and the resistance used.
By suitably choosing different capacity values
of the condenser, and making a corresponding
selection of the discharge resistor, a wide range
of discharge times is available from commercial

types of condensers and resistors, at any one
potential value.

The scheme associates a triode tube with the
condenser unit so that, if the condenser is
charged and afterwards connected to the resistor,
the charge on the condenser maintains a nega-
tive potential to the grid of the tube, so prevent-
ing anode current flow. As the condenser dis-
charge progresses, the grid potential decreases
accordingly, the potential across the condenser
being proportional to the charge held, and thus
the falling condenser potential, and correspond-
ingly the grid bias, will eventually reach the
point at which anode current is permitted to
flow, and later, to reach that value which will
operate an alarm relay forming part of the
anode circuit.

The time occupied in discharging the con-
denser from the initial full charge potential to
the point at which the relay operates is, of
course, the delay function desired, and some
idea of the period of time occupied in this action
may be obtained from the result of one experi-
mental trial which showed that with the circuit
details as described hereafter, a delay of 4 to 5
seconds may be anticipated with a 2 mF con-
denser combined with a 1 megohm resistor,
whilst 100 to 125 seconds delay should result
from the use of 10 mF condenser and a 5
megohm resistor, the delay being directly pro-
portionate to the value of the capacity and of
the resistance. It should be noted, however, that
the delay period will also depend on the type of

tube used.
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Fig. 2.—Delayed alarm circuit for selector releasé operation.

The circuit as arranged for selector release
alarm operation is shown in Fig. 2. Here the
start relay at AS1l normally connects negative
battery to the condenser K which, in this case,
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is of 2 mF capacity. The condenser is thus fully
charged, and is retained at the potential of the
exchange battery (50v.). When AS operates,
due to a selector’s release action, battery is dis-
connected from the condenser, and is switched
to the filament circuit which includes the resist-
ance R1, provided to maintain the filament cur-
rent at the correct value. The anode of the tube
is connected through the relay AO to earth and
the latter, being positive to the filament by the
value of the potential drop across R1, represents
the ancde battery supply. The grid of the tube
is connected to the negative pole of the previ-
ously charged condenser and therefore, at the
instant of operation of relay AS, is at 50V
negative, a value which is greatly in excess of
that needed to prevent anode current flow. While
AS is held operated; the condenser charge dis-
sipates through R, and gradually reduces the
grid negative voltage until, if the relay is re-
tained for the full delay period (in this case
about 5 seconds), anode current will finally build
up to operate relay AO, and in turn the alarm
gignal will function. It will be noted that, on
the release of AS, K will recharge almost
instantaneously, as the resistance in the charg-
ing circuit (that of R1) is of relatively low
value, this means that the resetting time of the

alarm circuit.

if relay AS is provided with an additional wind-
ing of low value, AO when operated may be
arranged to connect this winding in shunt with
the 1300 ohms winding, and so amplify the cur-
rent over the start wire, the latter will then
serve also in lieu of the alarm wire by the
operation of a marginal relay included in the
start cireuit.

The projected scheme utilises apparatus of a
standard which is perhaps not generally re-
quired in telephone practice, and of course
reliable performance must be assured from these
components before they can be accepted. It is
confidently expected that, largely as the result
of radio development, apparatus is now procur-
able which will prove quite satisfactory and
reliable. The type of tube needed for use with
the circuit is a power amplifier, having a directly
heated filament, and there are a variety of
_ makes which are suitable. These tubes are de-
signed to function with anode voltages up to
150V but, when used in the delayed action
circuit, the anode voltage may be but 50 or less;
under these conditions very long life may be ex-
pected from the tube used.

The developments due to radio advancement
probably have had influence in the recent marked
improvements in the manufacture of paper in-
sulated condensers. These are now, by depart-
mental specification, not acceptable unless they

]

device is exceedingly small, a desirable feature =
for the purpose for which it is used in this =z
The start and alarm operating !
details of the circuit may, of course, be varied o
to suit any particular existing requirement, thus &

withstand 400 volts DC and have an insulation
resistance such that the product of the capacity
and the insulation resistance is noct less than
300, thus the ordinary 2 mF condenser must be
not less than 150 megohms, and it is a
tribute to the modern manufacturer that 2 mF
condensers of 1000 megohms and over quite fre-
quently appear in acceptance test figures.

The vesistor which it is suggested should be
used in the circuit is definitely a product of
radio development. It is of the carbonised pat-
tern (1 watt type), and is designed to give
accurate and consistent results even in the ultra-
high resistance values required.

The relationship between discharging time and
the decrement in potential of a discharging con-

g

\

Discharging Time.

Fig. 3.—Characteristic graph of discharging condenser.
denser is indicated in the graph fig. 3, and an
examination shows that the fall in potential is
at first rapid but that this initial rate pro-
gressively declines until, at the final stage, very
small differences in voltage are indicated over
comparatively long intervals of time. This
feature of the graph suggests that if it is de-
sired that the greatest degree of delay action is
to be obtained from the circuit, it is advisable
to provide a high initial voltage for condenser
charging, and to select a tube having a
characteristic which prevents anode current until
a relatively low negative grid value is reached,
or in other words the selected tube should have
a low value cut off point. Such a tube is the
Osram P2 which, incidentally, has other pro-
perties which make it very suited to the needs of
the ecircuit. However, practically any triode
which will provide sufficient anode current value
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to satisfactorily operate a relay, should function
in the circuit, the selection of the tube being
merely a matter of the efficiency of the circuit,
in respect of the delay period desired, and the
resources which may be available for alternative
choice of tubes.

Many modifications of the circuit will no doubt
be possible, applying it to other conditions re-
quiring deferred circuit action. One instance,
which has interesting possibilities, is that of its
adaptation to a ringing failure alarm, in which a
ringing supply of the usual periodically inter-
rupted type is so supervised that the omission
of one ringing period is sufficient to cause the
alarm to operate. The circuit arrangement is
indicated in Fig. 4. Relay R is shunted by a
copper oxide rectifier to provide a very satis-
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Fig. 4.—Delayed alarm circuit adapted for ring failure signal.

factory unit for operation by ringing current;
this unit is connected to the ringing supply via

StnnIEn I [ITETEEETIEY]

transposed.

dy —§

— — iX

Ep (a
dx (

= ax_é/(a — xé)g.

UG OO LT T

u?

ot

3!

(TR FIT T PRI T

ERRATA, JOURNAL NO- 5.

PAGES 201 AND 202.—The titles of

PAGE 232, Q. 2b.—The last two lines of the answer should read:

x}") + (a + x""))/(a == x'l")f.

PAGE 232, Q. 4a.—The last equation should read:

Simhu=u {1+ — L ...

the condenser K. R. will therefore be held
operated during the ringing period of say 1
second, and will be released during the silent
period of 2 seconds. With R released, the fila-
ment circuit of the tube is complete and, in the
absence of any negative grid potential, the plate
current would operate relay P, provided to close
the alarm circuit. However, the condenser K1
is charged during the ringing period by the
application of battery at R1, this charge being
afterwards dissipated through X and Y during
the silent period. The time constant of the dis-
charging circuit is so arranged by the values of
K1 and of X and Y that at no time with normal
ringing conditions is the grid potential permitted
to fall below the limit controlling anode current.
Should, however, one or more ringing periods
be omitted, due to fault development, R will
remain inoperative sufficiently long (say 4 secs.)
to enable K1 to discharge to a point at which
the grid control is relaxed, P operates accord-
ingly and the alarm will function. The charg-
ing of K1 is influenced by the presence of the
resistor Y which so retards the time of charg-
ing as to make it necessary for R to be operated
for a definite time to enable the condenser to
fully charge, and only if this charge is complete
will the maximum delay action be obtained. Thus
the fleeting operation of R by a faulty or incom-
plete ringing period will produce only partial
charging of X1, and subsequent operation of
the alarm may ensue by the consequential early
discharge of the condenser. Other values for
K1 and for X and Y may be selected to cater for
different periods of ringing cycle.

The future of the new scheme will no doubt
be dependent on the result of practical trials
but very promising results have been obtained
from tests to date. Apart from the interesting
principles involved in its operation the arrange-
ment will no doubt make an appeal by the fact
that it can be made up of components which
are readily available, and it should be easy to
exploit its possibilities in any circuit or circum-
stance requiring a delayed action function.
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TRANSMISSION PRACTICE. parr 3.
AN ELEMENTARY EXPLANATION OF THE RADIATION AND

RECEPTION OF

Author’s Note: The following article is an attempt
to explain in an elementary and qualitative manner the
various phenomena associated with the radiation and
reception of radio signals. The explanation and ana-
logies contained herein have appeared in several au-
thoritative text books, but at best are very elementary
and may be 'in some ways misleading unless the reader
fully appreciates the limitations necessarily associated
with any attempt to explain in physical terms pheno-
mena which can only be interpreted accurately mathe-
matically. Nevertheless, it is a point of view which
many students have found helpful and ‘it is, in this
spirit, offered.

Readers who desire an accurate explanation are
recommended to study electromagnetic field theory,
with the added warning that this involves the use of
advanced mathematical analysis.

Electrical energy that has been transmitted
into space exists in the form of electromagnetic
waves. These waves, which are commonly called
radio waves, travel with the velocity of light and
consist of electrostatic and magnetic fields at
right angles to each other and also at right
angles to the direction of travel.

The essential properties of a radio wave are
frequency, intensity, direction of travel and
plane of polarization. The radio waves produced
by an alternating current will vary in intensity
at the frequency of the current, and will there-
fore be alternately positive and negative. The
distance occupied by one complete cycle of such
an alternating wave is equal to the velocity of
the wave divided by the number of cycles which
are sent out each second, and is called the wave-
length. The relation between the wave-length
in metres and the frequency in cycles per second

is therefore:—
300,000,000

Wave-length =
{ (cycles per second).

where 300,000,000 is the velocity of light in
metres per second.

The intengity of a radio wave is measured in
terms of the voltage stress produced in space by
the electrostatic field of the wave and is usually
expressed in millivolts per metre.

The direction of travel is merely the path
along which the waves move from their source.

The direction of the electrostatic lines of flux
is called the direction of polarization of the
wave. If the electrostatic flux lines or the lines
of electric stress are vertical, the wave is verti-
cally polarized, or if these lines are horizontal
the wave is said to be horizontally polarized. The
radio waves due to the ground ray, received at
any distance from a broadcasting station are
usually vertically polarized.

The transmission of speech or music by radio
waves requires that some means be used to con-

RADIO WAVES

S. O. Jones

trol the radio waves by the speech or music
frequencies (audio-frequencies) to be trans-
mitted. This is done by modulating the radio
waves with the audio-frequencies, that is, by
varying the amplitude of the radio waves at the
frequency and amplitude of the audio-frequency
signals. This is accomplished by means of a
modulator, usually a vacuum tube, in which the

audio-frequeney signal controls the ampli-
tude of the vradio frequency signal, vre-
sulting in the production of a number

of different frequencies referred to as

AAAANAAAAARANAARAAAAAAN
A AR ©

7 o S W

Fig. l.—Radio frequency wave (a) modulated by an
audio-frequency signal (b).

“products of modulation.” The main products of
modulation are three frequencies, viz., the
original radio-frequency (referred to normally
as the carrier) the original radio-frequency plus
the audio-frequency (referred to as the upper
side-band), and the original radio-frequency
minus the audio-frequency (veferred to as the
lower side-band). Fig. 1 shows graphically a
radio-frequency wave modulated with an audio-
frequency signal, such a wave being termed a
modulated wave. For transmission the modu-
lated waves are fed into some form of radiating
system from which they are radiated into space
in the form of electromagnetic waves.

In order to obtain a physical conception of
what occurs in and around a radiating system,
consider a simple type of oscillatory circuit as
shown in Fig. 2. This consists of two condenser
plates joined together by an inductance, in the
centre of which is a generator supplying altern-
ating current.

At the commencement of the cycle let the con-
denser plates be charged to maximum potential
so that the upper plate is positive and the lower
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one is negative. There is then an electrostatic
field between the two plates, the lines of force
being as shown in Fig. 2
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When the instant of maximum potential on
the plates has passed current will commence to
flow downwards. The electric field starts to
collapse, and this effect may be represented by

Fig. 3. The current continues to flow
after the potential difference across the
condenser plates is vreduced to zero, and

in so ‘doing starts to charge up the con-
denser plates to the opposite polarity, giving rise
to new lines of force in the opposite direction to
the previous field. Due to the fact that the

velocity of lines of electric stress in space has a
definite numerical value (300,000,000 metres per
second), collapse of the initial field lags a little
on the changes in potential which caused it to
take place, and the new electric field commences
to build up before the first one has completely
disappeared, as shown in Fig. 4. Now, lines of
force are a physical conception that is devoid of
meaning unless the lines are imagined to exist
either between points of different -electrical
potential, or else as closed loops. In this
case the lines most distant from the oscil-
latory system have not time to collapse entirely,

therefore they become closed loops and are
forced cutwards in this form by the new electric
field, the direction of the lines in the inner sur-
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face of the first group of loops being the same
as that of those on the outer surface of the
second group. As the current oscillates in the
circuit a series of these closed loops is sent off
into space radially from the oscillatory system,
each set repelling its predecessors.

This type of oscillation is produced by an oscil-
lating system excited in the centre, such as that
illustrated in Fig. 2. In most of the radiating
systems used at National broadcasting stations
the earth is the bottom plate of the condenser
and the radio-frequency power is fed in at the
lower end of the radiator so that it can be re-
garded as the upper half of the symmetrical
type of oscillating system excited at the centre
which has been discussed so far. This assumes
that the capacity is concentrated at the upper
end of the radiator which is, in fact, not quite
s0; but for purposes of analysis this approxima-

- Radiator,
4
4
Fig. 5

tion can be accepted. Fig. 5 illustrates schemati-
cally how the electric field spreads out in the
form of annular loops of ever-increasing height
but constant width (wave-length). These loops
are accompanied by horizontal loops of magnetic
flux spreading out from the aerial with the elec-
tric loops.

There are two conditions, however, associated
with -this phenomenon which should be men-
tioned. These are radiation and induction.

Earth
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It was stated above that the lines of electric
stress most distant from the oscillating system
had not time to collapse entirely before the next
group of lines was set up. Some of the lines of
stress do collapse on the system which gave rise
to them however. Therefore, it will be seen that
there are two different fields to consider. The
first is that caused by the lines of electric stress
which are prevented from collapsing and are,
therefore, radiated into space. The second is
that caused by the lines of electric stress which
are built up and which do have time to collapse.
The first field is called the radiation field, and is
the one upon which service from a broadcasting
station depends. The second is referred to as
the induction field, and because it occurs only in
the vicinity of the radiating system, it has no
influence upon the broadcasting station’s service
area.

Close to the radiating system the induction
field is stronger than the radiation field, whereas
at an appreciable distance the reverse is the
case. Actually the intensity of the radiation
field over a perfectly conducting surface varieg
inversely as the distance from the radiator,
while the intensity of the induction field varies
inversely as the square of the distance. At one-
sixth of a wave-length distance from the radiator
the two fields have the same intensity, while at
a distance of five wave-lengths the intensity of
the induction field is approximately one-thirtieth
of that .of the radiation field.

When carrying out field intensity measure-
ments. with the object of determining the
efficiency of a rediator, it will be clear, there-
fore, that such measurements should not be
made too close in to the radiator. If close in
‘measurements are made, they will be affected by
the induction field and will, therefore, be mis-
leading. In practice it is considered that the
intensity of the induction field is negligible, so
far as such measurements are concerned, at a
distance of one wave-length from the radiator.

The types of radiators employed at National
broadcasting stations can be divided generally
into two classes. They are quarter-wave and
half-wave types grounded through a coupling
coil at the lower end. By tuning the radiator to
resonance with frequency to be radiated, the
impedance of the system is reduced to a mini-
mum so that a relatively small applied voltage
produces a large current and hence a high radi-
ated energy.

A quarter-wave radiator usually consists of a
vertical wire attached to, and supported at the
upper end by, a cage of wires held between two
masts. The physical length of the vertical wire
is less than a quarter the wave-length of the
frequency to be radiated, but the cage of wires
at the top (flat top) represents a capacity to
ground which has the effect of increasing the

electrical length of the radiator, while at the
lower end of the vertical wire a sufficient amount
of inductance is inserted to again increase the
electrical length to exactly a quarter wave-
length. When energy is fed into such a radiator
it behaves as a transmission line a quarter wave-
length long and open at the distant end. The
result is that the radio-frequency alternating
current fed in at the base flows along the verti-
cal wire to the upper end and is reflected back
again. At the lower end the reflected current is
in phase with the current fed in at that end, and
standing waves appear in such a manner that
at earth the current measured is a maximum,
while at the extreme ends of the flat top the
current is zero. In effect, the current distribu-
tion over the whole radiator, when plotted,
appears approximately as a quarter sine wave as
shown in Fig. 6. The only portion of such a
radiator which radiates energy effectively is the
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Fig. 6.—Current distribution in i} wave radiator.

vertical wire because the tuning coil at the
lower end is usually screened while the direction
of the current flowing in the flat top is such
that any radiation from one half of it is can-
celled by that from the other half.

A half-wave radiator consists of a vertical

steel mast slightly greater than half a wave-

length in height or, in some cases, a steel mast
considerably less than a half wave-length high
but loaded at the upper end with an inductance
and circular steel armature so that the
“electrical” length of the structure is slightly
more than half wave (*). In order to resonate
such a radiator an inductance coil is inserted at
the base and adjusted so that the overall
“electrical” length becomes three-quarters of a
wave-length. When energy is fed into such a
radiator it behaves as a transmission line three-
quarters of a wave-length long and open at the
distant end. When fed with radio-frequency

(1) See ‘“Developments in Broadcasting Aerials,”
A. J. McKenzie, ‘‘Telecommunication Journal,” No. 3,
June, 1936.
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A.C. at the base the current is reflected back
from the open end and again standing waves
appear in such a manner that at earth the cur-
rent measured is a maximum while at the top
(or at the periphery of the armature in the case
of a top-loaded structure) the current is zero.
As the complete structure is electrically three-
quarters of a wave in length, however, the cur-
rent distribution is different from that in a
quarter-wave radiator. In this case, the half-
wave radiator, the current distribution is
approximately as shown in Fig. 7. It will be
seen that along the steel mast the standing wave
appears as slightly more than half a sine wave
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Fig. 7.—Current distribution in a 190° radiatox.

while nearly a quarter-wave is distributed over
the tuning inductance at the base. Above
ground level there is a point at which the cur-
rent is shown as zero (a current node). Actually
the current at this point is not zero, due to
slight irregularities in the construction of the
mast, and due also to losses which occur in the
radiator on account of resistance, etc., but the
current does fall to a very low value at the
node point. In a radiator of this type, which is
correctly tuned and lined up, the current node
occurs at a point such that the phase difference
between the current at the top of the tuning
coil and the node is 10 degrees. Regarding the
standing half-wave as being distributed over 180
degrees (i.e., half a complete sinz wave) the
electrical distance between the top of the tuning
coil and the top of the mast (or, in the case
of a top-loaded structure, between the top of
the tuning coil and the periphery of the arma-
ture) is 190 degrees. Such a radiator, although
it is commonly vreferred to as a half-wave
radiator, is in fact a “190 degrees radiator.”

A quarter-wave radiator is a wuseful type of
radiating system and, until comparatively re-
cently, it was in almost universal use for
medium frequency broadcasting stations. In

recent years, however, a considerable amount of
investigation was carried out with a view to
increasing the night range of broadcasting
stations. This could be achieved most readily
by reducing the amount of energy radiated up-
wards into the Heaviside layer. This energy is
reflected back to earth, and where it returns
at sufficient strength it interferes with the
energy radiated horizontally along the earth
and causes distortion and fading at that point.
It was found that the ratio of horizontal radia-
tion to high angle radiation increased as the
point of maximum current in the radiator was
moved higher up, and the maximum ratio be-
tween the two directions of radiation was found
to occur with a radiator which was approxi-
mately 190 degrees high electrically. It is for
this reason mainly that 190 degrees radiators
are now used in preference to the quarter-wave
type, although even during daylight hours when
reflection from the Heaviside layer does not
occur at medium frequencies, the former is the
more efficient.

Figs. 8 (a) and (b) show ‘“vertical polar dia-
grams” of a quarter-wave and a 190 degrees
radiator respectively. These vertical polar dia-

I'i wave 190°
radiator radiator

l radiation
B
/—W\ o
vid
[ A € A .
(a) )

Fig. 8.—Vertical polar diagrams of i wave and
190° radiators.

Loses of
high angle

grams show  graphically the  directional
characteristics of the two types of radiator in
the vertical plane, and it will be seen that the
diagram of a quarter-wave structure is a semi-
circle in any ‘direction. The ratio of the length
of the line A-B drawn at 45 degrees to the
horizontal to the length of the line A-C drawn
in the horizontal is actually the ratio of the
energy radiated at an angle of 45 degrees to
that radiated horizontally. In the case of the
190 degrees radiator the vertical polar diagram
is a flatter figure and the ratio of the length of
the line A-D drawn at 45 degrees to the horizon-
tal to the length of the line A-E in the horizon-
tal is again the ratio of the energy radiated at
an angle of 45 degrees to that radiated horizon-
tally. This ratio is smaller for the 190 degrees
radiator than for the quarter-wave one, and for
each kilowatt of power the 190 degrees structure
radiates more energy in the horizontal plane
than the quarter-wave structure does, while for
each kilowatt of power it radiates less energy
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at high angles than the quarter-wave structure.

It will be noticed that in the diagram for the
190 degrees radiator there are small lobes denot-
ing the existence of some high angle radiation.
These lobes are so small, that they are negligible.

The advantage of the 190 degrees radiator,
therefore, is the higher ratio of horizontal radia-
tion (ground ray) to high angle radiation
(indirect ray) because this means that not only
1s the signal radiated horizontally from it of
greater intensity than from the quarter-wave
type, but also the distance in any direction be-
tween the radiator and the point at which the
indirect ray begins to interfere with the ground
ray is increased by using the higher structure.

In the reception of radio signals it is first
necessary to extract energy from the radio
waves passing the receiving point. After this
has been done the receiving device must first
separate the desired signal from all other radio
signals which may be present. Then the original
audio-frequencies must be reproduced from the
modulated wave and fed into some electro-
acoustical device such as a telephone receiver
or loud speaker.

The energy is extracted from the passing
waves by merely placing some form of conductoy
in their path. Such a conductor is referred to
as a receiving antenna, and as the passing waves
of electric and magnetic stress cut it a voltage
appears across it which is directly proportional
to the intensity of waves, and which alternates
at the frequency of the waves.

At any point a receiving antenna will be in
the path of a large number of waves of differ-
ent frequencies emitted from different trans-
mitting stations. Therefore, many voltages of
different frequency will appear across it. The
desired frequency, however, is selected by means
of a tuned circuit or band pass filter located in
the receiving device.

After the desired frequency has heen selected
it is amplified in a series of vacuum tube ampli-
fiers, and then it is fed into some form of
demodulator (or detector). An analysis of the
process of demodulation is beyond the scope of
this paper, but the function of a demodulator
is to reproduce from the modulated wave the
original audio-frequency signal which wmodu-
lated the vradio-frequency wave at the
transmitting station. Any device which exhibits
a non-linear impedance characteristic can be
used as a demodulator. For instance, a vacuum
tube biassed to the upper or lower band of its
Grid-voltage v. Anode-current characteristic
curve exhibits a non-linear impedance character-
istic and this is probably the most common type

of demodulator at present in use. Such items
as copper-oxide rectifiers. carborundum and
galena crystals, also exhibit a non-linear

characteristic and are consequently suitable for
use as demodulators.

Actually, when a modulated wave is fed into
a demodulator the carrier and the side-bands are
heterodyned, i.e., they are mixed together, and
in the output of the demodulator there appear
a number of frequencies which are termed “pro-
ducts of demodulation.” The main products of
demodulation are three frequencies, viz., the
original radio-frequency; the original radio-
frequency minus the lower sideband; and the
upper sideband minus the radio-frequency. It
will be seen that the two latter products are
each equal to the original audio-frequency, and
if they appear in phase there is no interference
between them, so that when fed into a telephone
receiver or loud speaker, they reproduce the
sounds which give rise to them at the trans-
mitting station.

As radio waves are always passing through
space it is reasonable to assume that any con-
ductor in their path will have induced in it
voltages at the frequency of the passing waves.
This is so in fact, and in telephone lines, for
instance, there will always be found a number
of different radio-frequency voltages. This is
not serious, providing there is no demodulator
in the telephone circuit, because, until the modu-
lated waves are ‘demodulated, their frequency
is so high that they are beyond the audible
band. If, in a telephone line, however, there
should be placed some device having the non-
linear impedance characteristic referred to above,
demodulation occurs, and the subscriber can then
hear in his telephone receiver the audio-
frequency products of the demodulation.

Devices are not deliberately placed in tele-
phone circuits for the purpose of demodulation,
but such items as carbon transmitters, dirty
lightning arrester carbons, dry joints, and, in
some cases, faulty condensers, frequently exhibit
a non-linear impedance characteristic, and so

perform as demodulators. Troubles of this
nature are not uncommon. It frequently occurs
that telephone subscribers whose lines pass

within the intense induction field of the radiator
of a broadcasting station are enabled to hear the
station’s programme in their telephone receivers.
Also, due to faulty joints or dirty carbon
arresters, trunk lines are subjected to interfer-
ence from broadcasting stations. In a sub-
scriber’s line the usuwal method of suppressing
such interference is to connect a low capacity
condenser—say, .005 microfarad—across the
carbon transmitter. The condenser offers a low
impedance shunt path to the radio frequency
currents and so, in effect, short circuits the car-
bon transmitter at radio-frequency, thus pre-
venting the entry of radio-frequency to the
transmitter and so preventing demodulation
from occurring. Where such interference occurs
in a trunk line the faulty arrester or wire joint
is located -and made good.
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CABLE JOINTING. PART 2

This is the second of a series of articles on the
various operations performed by a Cable Jointer. The
previous article discussed the construction of the dif-
ferent types of subscribers’ P.I.I.C. cable in common
use, the method of numbering pairs and quads in
P.I.L.C. cable and the preliminary precautions and
operations associated with the jointing of conductors.

CONDUCTOR JOINTING.
Straight Joints in P.ILL.C. Cable Conductors:

The first conductors to be jointed together
should be the marker pairs or quads of the
centre core, and the order of jointing continued
by proceeding in rotation on each side according
to the numbers of the pairs as indicated by the
numbering rule (Fig. 4, Part 1), taking
care in the case of star quad cable, that the
wires in each quad with the similar identification
marks are jointed together. This procedure must
be followed strictly to ensure that pairs with the
same number are jointed together, or the value
of the numbering will be lost. Kvery care must
be taken to avoid split pairs or quads as shown

o (BT, e
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Pig. 6.—Showing splitting of guads and pairs. [Note:
The joining of A to B, and B to A, or C to D, amd D to C,
does not split the guad, but reverses the legs of the pairs.]
in Fig. 6. Such errors give rise to crosstalk and
other inductive noises, and their location and
removal at a later date are difficult and expen-
sive. It should also be bsine in mind that the
insertion of a reverse split at a nearby joint docs
not vectify the trouble. The correct fanning
out of the conductors in their layers and the
retention of the twist in the pairs and quads
will materially help to avoid splits. This par-
ticularly applies to the old type of twin cable
built up of pairs with mostly red and white
insulation in which the mixing of the conductors of
similar colour on adjacent pairs can very easily
occur if the twist of the pairs is lost or the wires
of the layers mixed. In the case of star quad
cable, owing to the whippings around the quads
there should be little danger of a split between
one guad and another so long as the whippings
are not removed or allowed to become unravelled.

The best joint in the wire is one consisting of
two complete and comparatively loose twists
with the paper left on, followed by about # inch
of twist in the bare conductor, made in such
a way that the twists gradually get tighter
towards the end, with the tip consisting of very
close tight twists, as shown in Fig. 7. Such a
wire joint provides sufficient length of wire

G. O. Newton

tightly bedded together to give satisfactory

1 ' TWISTS GRADUALLY BECOMING
3§ TIGHTER TOWARDS THETiP.
1’ i

i 2-FULL TURNS LIGHTLY TWISTED

i
g}/wl"( INSULATING PAPER LEFTON.
{ — -

SLEEVE TO BE PASSED OVER
THIS END OF TWIST FIRST

Fig. 7.—Showing correct method of making joints
in cable conductors.

electrical contact, and ensures the least strain in
the wire when it is bent back for sleeving. The
initial paper covered twists are made by grip-
ping each wire in the opvosite hand (i.e. wire
from the left in the right hand and vice versa)
with the thumb and forefinger close up to the
point of twist and with only a light tension on
the wires, evenly twisting them together with
the loose ends held at a close angle to the
through wires. Care must be taken not to hold
the wires too tightly, otherwise the paper in-
sulation will break. The remainder of the joint
can be made by the “crankhandle” method by
holding the bare conductors firmly with left
thumb and forefinger about one inch from the
initial twists in the paper covered portion, and
allowing the twists to run back towards this
insulated portion as they are made by cranking
with the right thumb and forefinger. If the
erip with the fingers of the left hand is too
loose, the twists are likely to become crowded
together and tight at the paper covered por-
tion, with the consequent danger of a fractured
wire at this point (See Fig. 8 (f) ). In such
cases it will also be found more difficult to- fit

g
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(D) NO PAPER ON INITIAL TWISTS

(0)T00 MUCH PAPER LEFT ON &
INBUFFICIENT LENGTH OF TIGHT
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(¢) TWISTS  TOO LOOSE (d} JOINT 700 SHORT
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(f) EFFECT OF NOT HOLOING WIRES
FIRMLY ENOUGH IN LEFT FINGERS.
Fig. 8.—Showing incorrect methods of making joints
in cable conductors.

(€ TWISTS NOT UNIFORM.

the correct size of paper sleeve over the joint
owing to the increased bulk at the paper covered




December, 1937 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA

Page 293

portion of the twist. The same difficulty will
be encountered where the paper covered twists
are irregular. This trouble is usually due to the
fact that the two conductors are not held at
regular and even angles to the cable whilst these
twists are being made.

The correct type of joint can also be made by
holding the initial paper covered twists very
firmly with the left thumb and forefinger, and
inserting two complete loose twists in the bare
wire by cranking at a wide angle, then slipping
the grip to these turns and tightly twisting
together for the remaining length by cranking
at right angles and without letting any of the
twists run back through the finger grip as in the
former method. The initial twists with the
paper left on ensure that the paper insulation
does not become unravelled, thus exposing the
conductor to possible contact with other con-
ductors. The removal of the paper insulation
from the conductor after the initial twists should
be performed by using the right thumb and fore-
finger, the face of which should be coated with
powdered resin to ensure a grip on the paper.
This is simpler and safer than using the pliers
since it not only saves the time occupied in the
movements necessary for getting the pliers into
position in the hand and away again, but
obviates all posgibility of a nick in the wire
which may result in a broken wire when the
joint is bent back ready for sleeving. In the
case of star quad cable, the whipping of each
quad after being cut to free the conductors for
jointing shou'd be tied each side of the joint to
prevent the twist of the wires being unravelled
any more than is necessary and to assist in the
future identification of the wires forming the
quad. If the whipping is made off by three (8)
half hitches around the quad, then three (3)
around one conductor, it will lock and avoid any
slipping back. The tie should be about three
(8) inches from the joint on the sleeving side
and two (2) inches on the other side.

A defect which can give rise to a very consider-
able amount of trouble, and which is extremely
difficult to locate, is one where small additional
resistances are introduced into the conductors.
Such additional resistances are mostly due to
badly made joints which do not provide sufficient
firm and clean metallic contact between the
wires. The effect if the trouble oceurs on both
conductors of a pair is to still further weaken
the already weak alternating voice currents, and
where they occur more in one conductor of a
pair than another, they unbalance the -circuit,
causing crossta’k and other inductive troubles
similar to that caused by split pairs. The con-
ductors should therefore be clean when jointed,
and loose and other defective types of joints as
shown in Fig. 8 should be carefully avoided.

The tension on the conductors as they are
jointed requires to be watched. This should be

even throughout and just loose enough to allow
of the fingers penetrating among the conductors.
If the tension is too loose or uneven, it will cause
trouble when the joint is being finally tied up.
The consequential bending of the- conductors
may break them or cause them to break through
the insulation and contact with other pairs, and
where faults do not occur immediately, it pro-
vides the conditions for causing faults during
any subsequent handling of the joint. There is
also a danger of the paper sleeves shifting and
exposing the wire joints. KExcess tension may
give rise to broken wires and insulation and pre-
vents access to inner pairs in the joint unless
slack can be obtained by movement of the cable
in the manhole.

The joints in the two wires of a pair in twin
cable and four wires of a quad in star quad
cable should be made opposite each other so that
the conductors forming each pair or quad can
be readily located on future occasions, and the
joints of consecutive pairs or quads should be
staggered up and down the cable joint so as to
keep its bulk even and as small as possible. The
staggered groups of sleeves of the consecutive
pairs or quads should butt and not overlap. This
assists to prevent sleeves slipping off wire joints
and to reduce the bulk of the joint. To further
guard against movement of paper sleeves on the
joints, care should be taken to use the correct
size of paper sleeve. The paper sleeve should
always be in a central position on the wire joint.

Multiple Joints in Conductors: These should
be made in a similar manner to straight joints
except that three and on some occasions four
conductors instead of two are twisted together
in one operation. Such a joint will require a
larger size of paper sleeve than the standard one
for the particular gauge of cable. Where three
conductors of the same gauge are involved, the
next larger size of paper sleeve will normally
suffice.

When connecting a branch or lateral cable to
the through cable, consideration should be given
to the possibility that it may be necessary to
transfer it over to another cable at a later date
or rearrange it on the existing cable. To assist
in obtaining sufficient length of conductor for
rejointing, the tendency should be to group the
mu.tiple conductor joints more towards the
opposite end to that at which the branch or
lateral cable enters. In cases where small
laterals are being connected to large main cables
the whole of the multiple joints can be grouped
at the end opposite to that at which the lateral
cab'e enters the joint, but where the branch
cable compares with the through cable in size
the grouping of joints towards one end can only
be carried out to a limited extent.

Insulating Conductors: When it is mnecessary
to insulate the ends of any conductors, as is the
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case when they terminate in a joint or at the
end of a cable, this must be done in such a way
that the ends are not likely to contact with each
other or with other conductors or the sheathing.
Such insulated conductors should be left suf-
ficiently long to permit of them being correctly
jointed through if it becomes necessary to do
so at a later date. A suitable method of insulat-
ing each pair in twin cable is to first lightly
twist the conductors with the paper insulation
intact by the crank handle method for about
three complete twists, and then cleanly cut each
conductor with the paper insulation still intact,

(a)

WHIPPING TIED HERE

Fig. 9.—Showing methods of insulating ends
of cable comductors.

one about one quarter (1) inch and the other
about one half (}) inch beyond the twists, after
which each end is bent back along the twist
on opposite sides, as shown in Fig. 9 (a). A
paper sleeve of tight fit is then slipped over the
end so as to leave it at least one quarter (1)
inch inside the paper sleeve. In the case of star
quad cable the quad whipping should be carefully
tied about one inch back from the end, the con-
ductors of the quad cleanly cut with the ends
staggered and bent back along the quad clear
of each other (See Fig. 9 (b)), and a paper
sleeve of tight fit then slipped over the whole so
as to keep the ends at least ome quarter inch
inside the paper sleeve. Alternatively, after
tying the quad whipping about two inches back
from the point where it is desired to insulate the
ends, the pairs can be separated and. dealt with
as in twin cable. Another method which assists
to give a longer length of conductor for future
jointing and is probably the most satisfactory
where a limited number of pairs are to be in-
su’ated inside a joint is to slip a paper sleeve of
suitable size over the pair or quad, cleanly cut
and bend back the conductors with the ends
staggered and the paper intact, and then loop
them back inside the paper sleeve as shown in
Fig. 9 (e).

Faulty Pairs: Should it be known as a result
of testing or from the factory test sheets of the
cable drum concerned, that any pairs within
a section of cable being jointed are faulty, use
should be made of the extra pairs, when pro-

vided, to enable the nominal size of the cable to
be retained. This can be done by transposing
the faulty pair with one of the extra pairs on
the section in which the fault occurs, in the
manner shown in Fig. 10. The fact that use has

8.
SEGTION A OPEN CIRCUIT FAULT. (G,

FAULTY
PAIR.

EXTRA
PAIRAL S e e
{E.6 PAIR 101 IN NOMINAL
100 PAIR CABLE]

Fig. 10.—Showing method of substituting an extra pair
for a faulty pair.

been made of the extra pair and the numbering
order slightly disarranged will be noticed if the
joint is opened subsequently by the fact that an
inner pair on each side has been connected to an
outer pair on the opposite side. The arrange-
ment has the advantage that, if there are
several faulty pairs, each on different sections,
only one pair is lost throughout the cable since
on each section where a fault occurs continuity
of good pairs is given by substituting the extra
pair. Where there are more faulty pairs than
spare pairs, all reasonable steps should be taken
to clear as many of them as possible. If any of
the excess faulty pairs are not cleared, it will
of course be necessary to joint them to their
corresponding pairs. The loss of such pairs,
however, means reduced circuit carrying
capacity for the cable with consequential loss
of revenue or the necessity for earlier expendi-
ture for relief arrangements.

Reversed Pairs: In many exchange areas it is
necessary that care be taken to avoid reversals
of the legs of cable pairs on certain classes of
circuits such as Junction, P.A.B.X., Public Tele-
phone and Party Lines in automatic exchange
areas, and Party and Key Control Lines in C.B.
exchange areas. For this reason in such areas
the A and B legs of each pair on each M.D.F.
should correspond in the case of junction cables
and the A and B legs of each pair on the M.D.F.
should correspond to A and B legs respectively
on the cable terminal box or cross-connecting
facility in the case of subscribers’ cable. In
each case the A leg is the top or left terminal,
and the B leg the lower or right terminal of the
pair according to the type of termination (fuse
strip, terminal block, distribution box, cable
terminal box, ete.). This can be arranged by
specially marking A legs (e.g. turn down end or
place pair number tag on A leg of pair and
twist B leg to it) when numbering or identify-
ing on each side before the final joint of an
installation or an alteration is made. In the
case of S.Q. cable, the markings of the four
wires of each gquad should readily enable the
continuity of each leg to be retained without
any possibility of reversing. In those cases
where it is necessary to insert crosses between
the legs of pairs on account of capacity unbal-
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ance causing crosstalk, action should be taken to
bring the wires back into line at a suitable joint
at the end of the cable.

Soldering of Wire Joints: Normally there is no
need to solder properly made twist joints in
light gauge conductors. Wire joints should,
however, be soldered in the following instances:

(i) All joints between paper insulated conduc-
tors and silk and enamel insulated con-
ductors or between conductors solely of the
latter type, for the purpose of avoiding pos-
sible high resistance joints due to the pre-
sence of the wax and particles of enamel
and to permit of less tightly twisted joints
and so minimise breaks due to slight
nicks or cuts in the wire caused when
scraping enamel off it.

All joints between conductors 40 lb. or
over in weight owing to the difficulty of
making  satisfactory tight well-bedded
twists in cable conductors of such weight.
All joints between conductors of cables
which are to be balanced with a view to
specially minimising inductive troubles. In
such cases it is necessary to take every
precaution to guard against possible causes
of even very small unbalances in the electri-
cal characteristics of the circuits. Normally
this only applies to trunk cables with con-
ductors 20 Ib. and over in weight.

The method of soldering such joints is to
apply the solder with a light or medium iron
to about a quarter of an inch of the twist at the
tip, using resin cored solder. To avoid waste
of time, groups of conductors (say 20 at a time)
should be soldered in one operation. Resin is
used as a flux since it is chemically inactive. If
a chemically active flux were used, any small
quantities of it which might remain after the
soldering would set up corrosive action inside
the joint. Any remaining traces of the flux on
the completed wire joint should always be wiped
off while the joint is still hot to permit of the
soldering being examined to make certain that it
is satisfactory.

Closing of Joint: Before tying up a completed
joint, and especially where jointing has been
performed under damp conditions or the cable
has been open for a considerable period, it should
be thoroughly dried out so that there will be no
trace of moisture in the insulation. As there
is a tendency for moisture to be absorbed in
the paper insulation at the ends of the sheath-
ing, this is liable to be driven inside the sheath-
ing if drying out is commenced on the centre of
the joint. This would result in low insulation
resistance, possibly rendering the pairs unsuit-
able for use on working circuits. Drying-out
should therefore be commenced by warming the
sheathing a short distance back from each end
with the flame of a blow lamp and working
towards the end so as to drive out any moisture

(ii)

(iii)

which may have collected at this point. Where
cables have only been open for a short period
under very dry conditions, this warming of the
ends of the sheathing together with the drying
out which will be obtained as a result of the
plumbing operation, should normally suffice, but
in other cases the joint itself should be dried
out by one of the methods to be described. One
suitable and reasonably safe method is to play
the blowlamp flame on the under surface of a
sheet of light gauge iron held around the joint
in the shape of a U (See Fig. 11 (a)). Another
method is to arrange a sheet of canvas or other
suitable material over the joint, and so set the
blow lamp at a safe distance from the joint that

SHEET IRON BENT U'SHAPE
& SUPPORTED CLEAR OF
CONDUCTORS .

(?‘ _ BLOWLAMP - WORK BLOWLAMP BACKWARDS

[—‘Y - & FORWARDS ALONG SHEET IRON TO GET
/‘ EVEN KEAT ON ALL PARTS & AVOID OVERHEATING
‘ OF IRON .

SupPOR”
SUPPORT.

. TWO QR MORE
BLOWLAMPS AT &

SAFE DISTANCE
Fig. 11.—Showing methods of drying out joints.

the warm air collects around the joint under-
neath the sheet. If any evaporated moisture
cannot readily escape at the ends of the sheet,
a vent hole should be provided at the highest
point, usually the centre. Another very satis-
factory method is an arrangement of sheets of
iron with the heat from blowlamps, as shown in
Fig. 11 (b). This allows the heated air to cir-
culate all arcund the joint, finally escaping with
any evaporated moisture at the ends. The dry-
ing-out should be continued until the paper at
all parts of the joint, including the centre, is in
a crisp condition. To permit of the centre of
the joint being reached by the heat it is neces-
sary that the conductors be kept reasonably
loose.

The application of excessive heat, either by
over-heating the sheet iron where it is in proxim-
ity to the conductors or by playing the flame of
the blowlamp directly towards and/or close to
the conductors, should be strictly avoided owing
to the wvery serious danger of damage to
the ingsulation by charring or burning. In gome
cases such charring is not readily apparent to
the eye and is only noticeable by the fact that
the paper becomes brittle and readily breaks
when handled. The use of a moderate heat for
a relatively longer period not only removes this




Page 296

THE TELECOMMUNICATION JOURNAL OF AUSTRALIA December, 1937

danger but ensures a sufficient time interval to

allow of the heat penetrating to the centre of

a joint. Paraffin wax should only be used for

drying joints in exceptional circumstances, and

then with every care to ensure that the wax is
not too hot. The objections to the use of wax
are:—

(i) Reduction in insulation resistance of the
cable when the wax is warm or hot.

(i1) Danger of damage to the insulation when
the wax is too hot.. (In such cases it is
possible to entirely destroy the paper).

(iii) Brittleness of waxed paper insulation when
cold, making subsequent handling of the
joint difficult and giving rise to faults on
conductors.

(iv) Difficulty of identifying colours of paper,
markings and whippings after waxing.

Both prior to the drying-out and before wrap-
ping up it is a wise precaution to thoroughly
examine the joint to ensure that no paper
sleeves have become displaced or conductors
exposed in any other way, or that no short ends
of wire or other matter likely to cause trouble
have accidentally dropped among the conductors.

Immediately the joint has been dried out, it
should be tied firmly by a doubled thread, by
running half hitches along the length of the
joint, and then firmly wrapped with brown paper
strip in spiral arrangement with a good overlap
and secured with a tie of thread at the end.

Both items should be thoroughly dried out

before use. The whole should then be sealed

within the lead sleeve as quickly as possible so
that there is no further opportunity for the
absorption of moisture.

CABLE TERMINATIONS.

Record and Rotation Cable Pair Numbers: The
numbers of the cable pairs as used for record
purposes are obtained directly or indirectly from
the numbers of the terminations or fuse strips
on the line side of the exchange M.D.F. in the
case of main cables and from the terminations
on the subscribers’ side of the cross-connecting
device in the case of secondary cables. These
numbers may not, however, be identical with
the numbers of the cable pairs as obtained by
counting in rotation in accordance with Fig. 4,
Part 1. To avoid confusion, the former
will be referred to as the “Record Cable
Pair Numbers” and the latter as the “Rotation
Cable Pair Numbers.” It should be the object
in all cable jointing work to make these num-
bers correspond or to bring them into corres-
ponding order, and the methods of doing this
will be explained.

Terminating Cables on M.D.F.s, Cross-Connect-
ing Frames, Cable Distribution Boxes, etc.,
and Jointing P.I.L.C. Cable to S.I.L.C. Cable.

The usual method of terminating subscribers’

cables on Main Distributing Frames and other
cross-connecting devices (except those provided
with a sealing chamber for terminating P.I.L.C.
cable direct as in pole type boxes, one type of
pillar terminal, etc.) is by means of a short
length of enamel and silk insulated beeswaxed,

- lead-covered cable called S.I.L.C. cable for short.

In S.I.L.C. cable the outside cotton covering
is variously coloured to form a conductor identi-
fication scheme usually referred to as the colour
code. The colour code and lay up of this type
of cable is set out in Tables 2 and 3 of Depart-
mental Specification No. 610C, and it is desirable
that cable jointers become familiar with it. All
S.IL.C. cable should be fanned out and ter-
minated according to the colour code, ie., the
numbers of the fuse or terminal tags of the
M.D.F. or other cross-connecting device should
correspond with the S.I.LL.C. cable pair numbers
according to the colour code. It is also very de-

sirable that the same rules for order of
jointing apply to the joint between the
SIL.C. and the PIL.C. cables as for
PIL.C. to PIL.C. cable joints. To meet

these requirements the order of the colour code
in the S.I.LL.C. cable when looking at the end
where the joint with the P.I.L.C. cable is to be
made, should be clockwise in the case of
exchange M.D.F. and secondary cable termin-
ations, and anticlockwise in the case of main
cable terminations at cross-connecting devices or

A JUNCTION CABLE B

MAJOR MINOR

EXCHANGY 4 sUBSCRIBERS CABLE SUBSCRIBERS CABLE A

(el o ]

AT POINTS A.. COLOR CODE OF SIL.C.
CABLE SHOULD BE IN.
CLOCKWISE ROTATION WHEN
LOOKING AT END OF SILL.
CABLE WHICH I5 TO BE
JOINTEDO TO PILL CABLE
AT POINTIB. : 1T SHOULD BE IN ANTI =~
-CLOCKWISE ROTATION.

‘Mo

B oA SECONDARY CABLE

CROSS CONMECTING DEVICT
EAG:PILLAR,DISYRIBUTION FRAME
OR BOX,

Fig. 12.—Showing order of S.I.L.C. cable pairs
at various points in cable system.

at the smaller exchange in the case of junction
cables (See Fig. 12). Any other arrangement,
1.e., colour code in reverse order or S.I.L.C. not
terminated in order of colour code, will result
in a badly interlaced joint at this point. The
most suitable and neatest arrangement when, as
is usually the case, the cable is connected from
below, is when the numbering on the M.D.F. or
cross-connecting device is from fhe top down-
wards. This permits of the S.I.L.C. cable form
being neatly made with the lower numbered
pairs in the centre connecting to the top fuse
or terminal strips and the higher numbered
pairs in the outer layers connecting to the lower
strips. If the numbering of the M.D.F., ete., is
from bottom to top and the most desirable order
of pairs at the joint is to be retained, it neces-
sitates the inner group of 20 pairs being brought
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out of the cable on to the lowest fuse strip
whilst the outside group is taken to the top of
the M.D.F. after all the inner groups have been
fanned out on to lower strips. Apart from this
practical consideration, numbering from top to
bottom has the advantage that it conforms to
the direction of reading adopted in most matters
of general usage. The importance of this joint
at exchange M.D.F.’s needs stressing since by it
the “record cable pair numbers” given to the
cable at the M.D.F. are transferred to the
PIL.C. cable in the street, and are made to
correspond with the “rotation cable pair num-
bers” of the latter. If this is not done it will
necessitate two sets of numbers being recorded
where one will suffice, or else add considerable
difficulty to future identification work. In some
areas M.D.F. bays are given letter designations
and the terminating tags or fuses are numbered
similarly on each bay. In such cases it is very
desirable that the record cable pair and M.D.F.
numbers be linked together in some simple order.
Taking the case of an 800 pr. cable where the
M.D.F. bays are 200 high on the line side, each
200 pair of the 800 pair should be connected in
order to consecutive bays of the M.D.F. e.g.
pairs 1-200. in the 800 pair cable would be con-
nected to, say, strips 1-200A, pairs 201-400 to
1-200B, pairs 401-600 to 1-200C and so on.
The joint between the two types of conductors
is made similarly to ordinary P.I.I.C. cable con-
ductor joints except that all the enamel must be
carefully removed in addition to removing the
silk and cotton covering after the initial twists
have been made. A small scraping tool which

is a standard item readily removes both of these,
and minimises the risk of cuts and nicks in the
wire which if not carefully avoided are liable to
give rise to open circuit faults. Since such wire
joints are soldered they need not be twisted
quite so tightly and this will help to avoid
broken wires should any slight nicks be acciden-
tally made in the conductors when cleaning
them.

Cable Terminations by P.I.L.C. Cable: Where
the type of cross-connecting facility (pole type
cable boxes, etc.) permits of the P.I.L.C. cable
being directly connected to the terminal tags,
the pairs should be connected in order of
rotation cable pair numbers, these being counted
clockwise in the case of main cable pairs and
anticlockwise In the case of secondary cable
pairs. As in the case of S.I.LL.C. cable termina-
tions, the most satisfactory arrangement for
fanning out is to take the inner pairs with the
lower numbers to the top (assuming the cable
enters from the bottom in every case) and to
connect the higher numbered pairs on the outer
layers to the bottom terminal tags. To meet
this requirement the terminating tags should be
numbered from top to bottom. Where they are
numbered in the reverse direction it necessitates
a departure from the ideal fanning out arrange-
ment. It is essential in this type of termination
that the work be checked out before sealing with
compound owing to the difficulty of correcting
faults afterwards. Care should also be taken
when filling the sealing chamber with compound
to ensure that all conductors are completely
covered and no further faults are caused.

THE DESIGN OF PORCGELAIN

Introduction.

The growing demand for both A.C. power
and telephone requirements has resulted in con-
siderable increase in the provision of trans-
mission lines of both services; with increase of
proximity of these lines the problem of pro-
tection to human life and stock has to be con-
sidered. In localities where power lines and
telephone aerial routes cross, or run parallel in
close proximity, it is necessary to protect the
telephone stay wires from the high voltage that
might be impressed on them in the case of
accident to, or failure of, the high tension lines.
The choice among existing insulators for use in
the stay wires has been somewhat limited, and
the P.M.G. Research Laboratories were requested
to investigate the types available, and if neces-
sary to design a suitable insulator.

After preliminary investigation it was decided
to design two “egg” type insulators for use
with light and heavy stay wires respectively.

“EGG*” TYPE INSULATORS
K. R. Thompson

The two essential characteristics of this type
of insulator are mechanical strength and resist-
ance to electrical discharge between conductors.
This type of insulator has been made in many
different forms, the reason for some designs
being rather obscure. ¥

Mechanical Considerations.

In Fig. 1 are illustrated some insulators at
present on the market, together with drawings
of their cross-sections. The photograph of G6AP
shows the remains of an actual test specimen
after straining in tension; it will be noticed
that the core, in the centre foreground, is still
intact, while the fins have burst sideways.

In Fig. 2, Curve 1, we see the relation
between their breaking loads and cross-sectional
areas. The departure from the usual curve that
would be expected from metals is not so astound-
ing as it appears; it is the result of the peculiar
behaviour of porcelain under stress which is
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also probably one reason why so few investi-
gations have been carried out on this increasingly
important material, and why literature on it is
SO scarce.

Of much interest are the tests of Navias' on

the plastic state, and upon firing; any changes
in these processes are reflected in the physical
properties.
Mechanical Design.
No attempt has been made to calculate the

I I a5 i e
s

Fig. 1.—Typical commercial strain insulators.

the strengths of porcelain. Under ideal con-
ditions of test he found that in compression the
height of a specimen was an important variable,
and there were two forms of failure “ Initial”
and “Ultimate.” On test specimens 14" dia. x
13" high, the initial failing occurred at 47% of
the ultimate increasing to 49%, 54%, 71%, for
values of height/diameter of 1.04, 1.57, 2.07, the
ultimate failure decreasing proportionately, and
the initial failure remaining reasonably constant
at a stress of 12 ton/sq.in. In tension he found,
that as the area of cross-section increases, the
tensile strength decreases rapidly; for a speci-
men 13" dia. the ultimate stress was 3§
tons/sq.in. For a specimen 21" dia. the stress
was 0.5 tons/sq.in. No results were given for
porcelain in shear.

Porcelain is weak in shear having an ultimate
stress of about 5001bs./sq.in. No definite
results of tests are available. The physical pro-
perties of porcelain are dependent upon the
batch composition, the methods of working in

1 American Ceramic gociety, Jour. 1926, page, 501.

actual strength in tension of an egg type insu-
lator from first principles, but consideration has
been given to the behaviour of that part of the
insulator, which is under compression, disre-
garding portions under other stresses.

In an attempt to observe the stress distri-
bution in the core of an insulator under strain,
it was decided to experiment with rubber cubes
and right prisms of the same cross-sectional
areas. By applying compressive loads in the
centre of the square faces it was seen, that
the rubber tends to burst out normal to the
line of application of the load, the cube being
stronger than the prism. Similarly, if com-
pressive loads are applied at two points on each
of the square faces, and in planes normal
to one another it was found that the cube was
much stronger, and did not tend to burst out so
much as in the previous test; the cube was also
stronger than the right prism. It will be seen,
therefore, that when two points of application
of the load are provided at each end (i.e., when
four points of application are provided) of the
rubber cube, we have a much stronger condition
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for withstanding a load. These investigations
showed that it was desirable to incorporate the
idea of four point loads on a cubical core in
the construction of the insulators.

Definitions.

Core diameter. This igs the diameter of the
largest circle that can be inscribed on a plane
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Fig. 2.—Mechanical characteristics of strain insulators.

normal to the longitudinal axis of the insu-
lator without crossing the grooves.

Core Area. This is the area enclosed by the
above circle. Turning to Fig. 2, Curve 1, we see
that G.6.A.P.,, G.10 and G.11 are the strongest.
The important features of G.10 and G.11
are the provision of a straight Portion A
(slightly curved in G.6.A.P.), where the wire
passes the centre line of the insulator. This
causes the load to be distributed more heavily
on the curved portions B, thus providing by the
holes in combination 4 points of application of
the load instead of 2 when the holes are con-
tinuously curved over the portion A as in G.6.
When 4 point lcads are applied, the compressive
stress on the porcelain is concentrated more
towards the centre of the cross-section, and
therefore to some extent tends to delay bursting
in direction C (which is the normal means of
failure).

It would seem of advantage to provide a
curve in the surface of the groove as at D
which would help to delay bursting in direction
C. It is, therefore, important that the porce-
lain in the core be in the form of a cube; this

result will be obtained if the core diamieter is
equal to the length between holes. Thus insu-
lator G.10 could be improved by lessening this
distance. The improvement that might be
obtained in the insulators under review by
designing for a cubical core is shown in Curve
2, Fig. 2, and has been obtained by dividing the
core area by the percentage difference of lengths
between holes and core diameter; where the
distance between holes is less than the core dia-
meter, the percentage was calculated on the
shortest distance. Curve 3 represents the aver-
age stress of Curve 2.

Consideration of the relation between the dia-
meter of hole and core diameter shows, that
a nice balance is obtained if the diameter of

G F

<
SEETION O & LN INSLLATOR
Fig. 3.—Poxrtion of the cross-section of insulators G10 & G11.

the core is 2.8 times the hole diameter. In prac-
tice it will be found unnecessary to calculate the
diameter of hole other than by the method out-
lined above. The relation between the diameter
of wire used, and the diameter of the hole
should, nevertheless, be considered. To prevent
any chance of tensile stress or shear being im-
pressed on the ends of the insulator, or at the
sides of the hole, it is essential that no pressure
be exerted on the unstressed side of the hole;
this means that if the wire is allowed to flatten
out, no metal would be above the centre-line at
the sides of the hole, so that the total cross-

%”""‘”%‘ f

¢ e 77 / )
e *

— 7 257" TG #
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Fig. 4.—Portion of the cross-section of improved iasulator.

sectional area of the individual strands of the
wire must not be greater than half the cross-
sectional area of the hole. Calculations show
that this will not occur if the diameter of the
hole is 1.5 times the diameter of the wire. Fig.
4 shows the desirable proportions of core design.
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The outer dimensions of the insulator are depen-
dent on the flashover voltage requirements, with
the following exceptions:—The groove should
be deep enough to prevent the wire from pulling
out sideways, and should slope towards the end
of the insulator conforming to the shape of the
guy or wire eye. Of six insulators designed on
the above principles, the average stress being
derived from Curve 3, test results far exceeded
the expected breaking loads, the average-stress
being double that of the best insulators shown
in Fig. 2, Curve 1, being 3.9 tons/sq.in. with
a variation of +37% and —15% shown by
Curve 4.

It is dangerous to observe porcelain under
compression as failure occurs suddenly by break-
ing up into a large number of fragments, some
of which may be thrown off with high velocity;
for this reason a bag was wrapped around the
insulator, and no attempt was made to observe
initial failure, which apparently occurs at some
value above half the breaking load. A sharp
click is sometimes heard, which may be an indi-
cation of initial failure. Initial failure means
partial mechanical failure sufficient to cause
breakdown of the dielectric. In view of the vari-
ation in the breaking loads, it seems that an
insulator should be rated at half its calculated
breaking load; this would also cover the possi-
bility of initial failure. In design therefore the
average breaking load should be twice the break-
ing load of the wire used. The factor of safety
of the insulator would then be twice that of the
wire, and would also allow sufficient margin on
initial failure.

Electrical Considerations.

There are two common types of standard elec-
trical tests applied to insulators. The first is,
where the insulator is suspended in air and
connected between the output terminals of a
step-up transformer fed through a variable
transformer from the A.C. supply, the voltage
being gradually increased until flashover ocecurs.
This test is also carried out with water spray-
ing at an angle of 45° on the insulator. The
second is, where the insulator is immersed in oil
and the voltage increased until puncture of the
porcelain takes place. This latter test is of
small importance, except for showing that the
puncture voltage is much greater than the flash-
over voltage in air.

Tests for dry flashover vary with the atmos-
pheric conditions; as the humidity rises the
results are correspondingly reduced. The aver-
age relation of wet to dry flashover voltages
is about 60%. It is important when testing
for flashover voltage, that the wires by which
the insulator is suspended should conform in size
to the wires that will normally be used with
the insulator.

Electrical Design.

The fins and ends of an “egg” type insulator
should be so designed, that the flashover dis-
tance, which is the shortest air gap measure-
ment, is the same both across the fins and in
the direction of the ends. It is necessary to
provide sufficient porcelain in the ends to pro-
vide the same flashover distance at the ends
as across the fins. The thickness of end should
not be less than $” as values below this present
difficulties in manufacture, also the ends should
be kept strong enough to withstand any acei-
dental stress caused by a blow or handling
before installation.

The electrical factor of safety required of an
insulator is the ratio of the proof wet flashover
voltage, and the line voltage. It is understood
that the Victorian State Electricity Commission
uses a factor of safety of 4, in electrical con-
struction. i

In order to obtain an approximate value of the
radius of the circle circumscribing the fins, (see

Fig. 5.—Illustrating the electrical design.

Fig. 5), the following formula was developed :—
¥ F+D:
R=——+.7TD:
3.57
where R =radius of circumscribing circle.
I = flashover distance.
D= core diameter.
D. =diameter of hole.

From this formula a circle can be drawn, the
types of fins inserted, and the flashover dis-
tance checked. In order to keep the weight of an
insulator down, the thickness “t” of the fins
may be kept quite small without affecting the
flashover distance.

The thickness of the ends is obtained by a
trial and error method, keeping the maximum
permissible height consistent with finished
appearance, while the thickness is increased
until sufficient flashover distance is obtained.

Provision should be made for supporting the
insulator during firing. When the glaze is con-
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tinuous, it will be found that the insulator
adheres to the saggar in which it is fired, and
has to be broken out tending to make an
unsightly end. This is avoided by the addition
of four unglazed pips on one end of the insu-
lator (see G.4), on which it may be stood
during firing.

Conclusion.

It seems desirable to point out what has
been achieved by comparing some of the insu-

out of proportion to its overall diameter, and
being stood on one end whilst drying and firing.

Insulator G.10 is a typical example of exces-
sive waste of porcelain, weighing over 4 1bs. and
having little extra flashover voltage than one
half its size. It seems that the designer has
relied on overall increase in weight to provide
a little added strength.

The characteristics of two insulators designed
on the principles described are shown in Table 1.

Average Dry
Breaking Flashover
Type No. Load 1bs. Voltage.
il Telings 0,50 0F 5 e SO R L Vil ot
2 23,700 S5V

Core Weight For use with
Diameter. 0%S. Stay Wires.
153700 Ve T s Ol e LE 21D
1-13/16” 41 Heavy

lators in Fig. 1, with an insulator designed in
accordance with the principles outlined herein.

Let us consider G.4 and G.9; these insulators
are reasonably well designed electrically, but
have the distance between holes too short,
resulting in reduced strength. In G.9 the
distance between the holes is half the core
diameter.

The design of G.6 is not good mechanically
as it has only two points for application of the
load; electrically the flashover distance is %
longer across the fins than at the ends, corres-
ponding to a difference of 11 kV in flashover
voltage. An insulator designed to have the same
performance could be made having only half its
weight, for instance, G.11 has the same break-
ing load. G.3 is of a similar design and has the
same characteristics with the exception of added
strength. The sample to hand seems to have
suffered by buckling which has occurred in the
plastic state owing to its length being so much
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¥ig. 6.—Standard strain insulatcrs,

TABLE 1.——Chara.ct_eristics ;)_f“P_.M.G-. Standard Strain Insui;to‘rs'.

The details of these insulators, which have
been adopted as standard by the Department,
are shown in Fig. 6.

For a good comparison with the research
that has been made in this design, it is of
interest to note that the larger insulator in
Fig. 6 has a higher flashover voltage than any
of the insulators under review, and it has
approximately twice the breaking load of the
strongest of them; its weight is 2 Ibs. 9 ozs.

As this article can by no means be regarded
as a complete account of the design of strain
insulators, it is important to point out several
aspects affecting the design which require
further research. They are:—

(a) Initial failure.

(b) The variation of the ratio of initial to
ultimate failure with wvariation in core
diameter.

(¢) Variation of the stress curve (Fig. 2,
Curve 4), with increase of core diameter.

(d) Methods of manufacturing insulators with
large cores.

Thanks are due to the Sunshine Porecelain Pot-
teries Pty. Ltd., for their co-operation in manu-
facturing sample insulators and in the testing
of them.
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ANSWERS TO EXAMINATION PAPERS

(Z‘J_he answers to examination papers are not claimed to be thoroughly exhaustive and complete.
They are, however, accurate so far as they Bo and as such might be Biven by any student
capable of securing high marks.

EXAMINATION No. 2071.—SENIOR MECHANIC.—
RESEARCH.

J. D. CAMPBELL

Q. 1.—(a) What is the meaning of the following
terms:—

Amplification Factor,

Plate characteristic,

Mutual conductance.

(b) From the anode current—grid voltage charac-

teristics of two thermionic electron tubes A and
B it is seen that the curves in the two cases
have the same slope, but in the case of tube A
the curves of the several values of anode voltage
are closer together than in the case of B.
Which tube has the greater

Amplification Factor

Plate resistance?

A.—(a) The “amplification factor” of an electron
tube is expressed as the ratio of a small change in
plate voltage ,, E’p, which is necessary to change the
plate current a given amount A Ip, to the small
change in grid voltage Eg which will produce the
same change in plate current.

Thus p= ~—\_EP,
"\ F.}‘g
where p — amplification factor.

Plate characteristics is the term wused to describe
the relations existing between the plate voltage and
the plate current of an electron tube, when the grid
voltage is held constant at a fixed value. The plate
characteristics are usually presented in the form of a
graph in which the values of plate current are plotted
against plate voltage for various fixed values of grid

§.°_ Atp
¢

AaEg NTY

voltage. Such a set of curves is known as ‘‘ family ”
of plate characteristic curves.

Mutual conductance fis the ratio of the change in
plate current Ip, to the small change in grid voltage
E._ producing it, when the plate voltage is held con-
stémt. The unit is the mho but is usually expressed
in micromhos or milliamperes per volt.

,’\ID

The mutual conductance Gm = T
FAY D;:

(b) The amplification factor is given bty = o

e E 4
the plate resistance by - 1" assuming A Ep to be the

— il

same ‘in both cases, then in the casc of tube A E
and ,\ 1 are smaller than in the case of tube B. This
can -be seen from the diagrams A and B. Thus
A has the greater amplification factor and the greater
plate resistance.

Q. 2.—(a) What are the functions performed by the
various electrodes in a screened grid thermionic elec-
tron tube?

(b) How does the variable mutual conductance

screen grid tube differ in construction and per-
formance from the normal type of tube?

A.—(a) The electrodes of a screened grid tube
are:—
The cathode,
The control grid,
The screen grid,
The plate.

The cathode, which may be a filament or a cathode
heated by a filament, provides a source of electrons
which pass through the control grid to the screen grid
and plate, a positive potential being applied to both these
electrodes. The screen grid attracts and accelerates
the electrons towards it, but the majority pass through
it to strike the plate and set up the plate current
in the external circuit. Thus the screen grid acts
as an accelerating device to accelerate the electrons
towards the plate and also to shield those electrons
near the cathode from the influence of the plate
potential. The plate current depends to a great extent
on the screen potential, and very little on the plate
potential over the normal working range.

1k
2.
3.
4.

The voltage to be amplified is applied between the
control grid and cathode, the control grid serving to
control the electron stream flowing to the plate. The
screen grid is placed at earth potential to alternating
currents, and so acts as an electrostatic screen between
control grid and plate. This reduces the control grid
plate capacity to a-very small value. This capacity
causes instability in radio-frequency amplifiers, and its
reduction means a substantial increase in amplification
from the circuit.

(b) The difference in the construction of the vari-
able mutual conductance tube and the normal tube
lies in the construction of the control grid. In a
normal tube the spacing between turns of the wire
of the grid is regular, whereas in the variable mutual
conductance tube the spacing varies, being close at
the ends of the winding and open in the centre, or
vice versa.

The effect on the performance is that the variable
mutual conductance tube has a variable amplification
factor, and therefore a variable mutual conductance,
this being dependent upon the control grid voltage and
the plate current. Also as relatively high bias is
needed to reduce the plate current to zero and the cut-
off value is reached very gradually, cross modulation
is reduced considerably as the tube will handle both
weak and strong signals equally well. y
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Q. 3.—What is an electric wave filter?

Give typical attenuation—{requency curves for high
pass, low pass, and band pass filters. What is the
diffierence between an actual * filter ” and an *‘ideal "’
filter?

A.—An electric wave filter is a network of coils and
condensers, so designed that currents of certain fre-
quencies are transmitted readily while currents of
frequencies outside the desired range are attenuated
to a greater extent.

Wave filters may be divided
classes:—

1. L.ow pass filters, which cut off all frequencies

above a certain value. -

2. High pass filters, which cut off all frequencies

below a certain value.

3. Band pass filters, which pass a band of selected

frequencies and attenuate all others.

4. Band stop filters, which attenuate a certain band

of frequencies and pass freely all others.

A filter may consist of a single network or section
or may be rendered more effective, if two or more
sections are connected in series. Typical curves of
simple high pass, low pass and band pass filters are
given.

into four general

ATTENUATION
ATTENUATION

Convenient units are the millivolt per metre and the
microvolt per metre.

An explanation of the unit volt per metre, may bhe
had by consideration of the field of a charged con-
denser. In a charged condenser consisting of two plates
one metre apart, charged to a voltage of 1 volt the
electric field has an intensity of 1 volt per metre. As
a further illustration, an aerial may have an effective
height of two metres, and if this is acted upon by a
radio wave having a field intensity of one millivolt
per metre in the vertical direction, then the voltage
induced in the aerial will be two millivolts.

(b) The term signal to noise ratio is a measure
of the ‘‘clearness of reception.” It is the ratio at a
point in a communication system of the intensity of
the signal to the intensity of residual noise at that
particular point. This ratio is usually expressed as a
voltage ratio, or as a power ratio.

Radio signals which are received are sometimes
marred by noises caused by static, set noises ‘‘man
made ”’ interference, etc., and the greater the noise,

the greater the signal necessary for communication.
The field strength of a station may be quite adequate

for satisfactory reception in country districts where the

noise level is low, but for reception in city areas,

ATTENUVATIQN

FREQUENCY
HIGH PASS FILTER

An ideal filter would have pure reactance elements,
and would offer zero attenuation to the desired band
of frequencies, and a finite attenuation to all other
frequencies. As it is impossible to obtain inductors
and condensers without resistance, some attenuation
must occur for the band of wanted frequencies, and
the undesired frequencies will be attenuated by a
finite amount, the ratio of these values of attenuation
and the sharpness of cut-off being determined by
economics.

Q. 4—(a)..What do you understand by the term
“ Radio Field Intensity,” and in what unit is the elec-
tric field intensity of a radio transmitter usually
expressed?

(b) What is the meaning of the term * Signal to
Noise ratio ""?

A.—(a) By definition, field strength or field inten-
sity is equal to the space rate of change of electric
potential. In practical units then field intensity can
be expressed in volts per centimetre or any multiple
or sub-multiple of this.

Where the electric field being dealt with is that
from a radio transmitter, the field intensity is alter-
nating at radio frequency, and in this case it is the
R.M.S. value of the field intensity which is spoken of,
as the ‘“ Radio Field Intensity.”

FREQUENCY
LOW PASS FILTER

© FREQUENCY
BAND PASS FILTER

where the noise level is high, the same field strength may
be far too low, and to give satisfactory reception either
the field strength must be increased or the noise
reduced. Thus the signal to noise ratio at receiving
points really -determines the service area of broad-
casting stations.

Q. 5.—The apparent resistance of wires and coils
to the flow of alternating currents at high frequencies
differs from that for direct cmrrent. What is the term
used to express this resistance to distinguish it from
the direct current resistance, and explain fully why
the apparent resistance varies with frequency?

A.—The term used to express the resistance to the
flow of alternating current at high frequencies is ‘“effec-
tive resistance.”

Effective resistance is the term which takes into
account all the effects which cause power to be
absorbed in the circuit, that is, the D.C. resistance
and the A.C. resistance. Under the term A.C. resistance
are grouped all the effects causing loss of power which
are peculiar to alternating currents. The most pro-
minent of these effects on wires and coils are ‘ eddy
current loss ” and ‘ skin effect.” The ‘‘eddy current
loss ”’ occurs when the coil or part of the coil is placed
near other metallic objects, such as screening, boxes,
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ete.,, so that currents are induced in the metallic
objects by the varying magnetic field of the coil. Power
is absorbed due to the resistance of the metal and the
resistance of joints in the metal.

The effect varies with frequency because the eddy
currents which cause it are set up by the change in
flux cutting the conductor and increase with an
increase in frequency of the current, or rate of change
of the flux.

‘“ Skin effect,” is due to the eddy currents in the
wire itself. The eddy currents flow in opposition to
the inducing current in the wire, the effect being
greatest in the centre of the wire, and there is a
decreasing current density from the surface to the
centre of the wire. As a result at the higher fre-
quencies the current flows in the skin only.

If the wire is wound in a coil, the losses are
greatly increased as there is further reaction between
turns of the coil.

Q. 6.—A series circuit consisting of a condenser of
negligible effective resistance, a non-reactive resistance
of 525 ohms and a variable inductor having a con-
stant resistance of 5.5 ohms, and negligible capacit-
ance are connected to a 200 volt 60 cycle alternating
current supply.

What current will flow in the circuit at resonance,
and what is the capacitance of the condenser, and the
value of the inductance if, when the circuit is tuned
to 60 cycles per second by varying the inductance of
the inductor, the voltage across the condenser is found
to be 230 volts.

A—

200 v
60 ~

200
I =
530.5
= 0.377 amps.
Also at resonance
2t
2wa = ——
2-7rfC
where f — frequency in c¢ycles per second,
I, — inductance in henries,
C = capacity in farads,
it Ec
27 fC C
where Ec =— voltage across condenser.
1 200
= = PE,
2'7rfC 0377
Xe = 663.1 ohms,
1
Q=
2@ X 60 X 663.1
= 4 microfarads,
and 2L — 663.1 ohms,
663.1
L = ———
27 X 60

— 1.765 henries.

Q. 7.—Describe the operation of a modern super-
heterodyne receiver. Give two advantages of this
type of receiver compared with a straight tuned radio
frequency amplifier?

A.—A modern superhetrodyne receiver
the following stages:—

consists of

1. Radio frequency amplifier.

2. 1st detector and local oscillator.

3. Intermediate frequency amplifier.

4. 2nd detector.

5. Audio frequency amplifier and loud-
speaker.

In the radio frequency amplifier the signal is
selected, amplified and passed to the 1st detector.
There the signal is mixed with a local -oscillator
current of higher frequency than the signal. In the
anode circuit of the 1st detector are various cur-

rents of the sum and difference frequencies, of the

B oscillator and signal frequencies, but usually the differ-
At resonance I — — ence frequency is selected and amplified by the inter-
4 R mediate frequency amplifier. If the signal is modu-
where I — current in amperes, lated, the ‘intermediate frequency currents will also
E — applied voltage, be modulated and the 2nd detector is used to pro-
R — total effective resistance, duce these modulation frequencies which are ampli-
L 74 Q. 7.—Block Schematic.
RF |s7T i F. 2ZND AUDIO LovD
AMPLIFIER | oeTector AMPLIFIER DETECTOR AMPLULIFIER SPEAKER

TUNING )
CONTROLS oA,
GANGED OSCILLATOR
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fied by the audio amplifier and operate a loud speaker.

The radio frequency amplifier is necessary in order
to amplify weak signals to a value suitable for the
efficient working of the 1st detector and also to
minimise cross modulation and spurious beat effects.
Efficient selection of the signal prior to the 1st
detector is necessary, as a signal of higher frequency
than the oscillator will also produce a difference
frequency corresponding to the intermediate frequency.

The intermediate frequency provides the necessary
selectivity and amplification of the receiver, as, the
frequency being fixed, these can be secured with ease.

At the second detector, there is developed a nega-
tive D.C. voltage, which is proporticnal to the signal.
This voltage is applied as bias to the radio frequency,
and intermediate frequency amplifiers, and acts as
an automatic volume control, the gain of the receiver

varying with the applied signal.
The wadvantages of this type of receiver over a
straight tuned radio frequency receiver are:—
1. Greater and more constant selectivity
which also may be varied at will.
2. Higher overall amplification with fewer
stages.
Q. 8.—(a) Why is a detector necessary for the
reception of radio broadcasting signals?
(b) Name three types of detector operation. In a

receiver which would you use in each of the follow-
ing cases:—

(1.) To receive weak signals.

(2.) To ensure freedom {fromy distortion?

A.—(a) A detector 'is necessary for the reception
of radio sigmnals in order that the signals may be
heard in a telephone receiver or loud speaker. The
signals are radiated from the radio station in the
form of a varying carrier wave of a frequency which
is higher than the highest audible frequency. The
amplitude of the carrier wave is varied in accordance
with the speech or music being ftransmitted. The
detector is used to transform the varying carrier wave

currents into a pulsating direct current. This con-
DETECTOR
CHARACTERISTIC
c /
N AN A
(VWYY VU VVUNL -
r v RECTIFIED )
E: ovTPVT
=
PN
MODULATED INPUT
CARRIER WAVE
=AM :
==

sists of three components, a radio frequency current,
a direct current, and an audio frequency current.
The audio frequency current should be an exaet
replica of the speech or music originally impressed on

the carrier in all respects except amplitude.

(b) Three types of detector operation are:—
1. Diode detector,
2. Grid leak detector,
3. Anode bend detector.

To receive weak signals the grid leak detector is
the one commonly used. This type delivers more
output from a given signal voltage, particularly when
the signal is small. The audio output is dependent
upon the rate of change of the slope of the grid-

current grid-voltage curve, and the output current
is therefore proportional to the square of the input
voltage.

To ensure freedom from distortion a diocde detector
should be used as this detector is essentially linear
in its operation, the audio output being proportional
to the variations of the carrier; except in extreme
cases of deep modulation, or weak signals.

Q. 9.—A circuit having an impedance of 500/60°
ohms is connected to an oscillator which is delivering
power to the circnit. When the oscillator is set at
1000 cycles per second the voltage applied across
the terminals of the circuit is found to be 10 volts
R.M.S.

(a) What is the true power absorbed by the cir-

cuit under these conditions?

(b) What is the effective resistance of the circuit

(Tan 60° — 1.732).

A=
QO—
OSCILLATOR IMPE DANCE
o
1000 cPs. 0 V. RMS 500 (60

—O)
2\

(b) Z=+vyR®* 4 X*
where R — effective resistance in ’ohms.
X = reactance of the circuit in ohms.
500 = vR: K X~

X

Also Tan 60° :P— =137

X==1.732 R
inserting this in the equation for 7
500 = VR - (1.732 R)*
500 = VR® + 3R*

500—= v 4 R*
500= 2 R < e 5
R= 250 ohms.
(a) Power=—1*R watts.
and Il =E/Z
where I — Current through the circuit.
I —=10/500.
— .02 amps.

Power — (.02)% x 250.
— 100 milliwatts.
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Q. 10.—Why is a high degree of frequency stability

necessary in a radio broadcasting transmitter. Discuss
the main causes of f{requency instability and the
methods of minimising these variations.
A.—Frequency stability is necessary in a radio
transmitter for the following reasons:—
1. To ensure that stations will not interfere with

one another.

2. In order that the most economic
of the channels available.

3. To minimise distortion due to frequeney
lation.

The main causes of frequency instability are:—

1. Incorrect design of the transmitter such as the
aerial coupled directly to the oscillator, and
modulating the oscillator directly.

2. Using coils and condensers which are mechanically

use be made

modu-

unstable or can be greatly affected by tem-
perature.
3. Large fluctuations to the power supply to the

oscillator valve.

4, The use of a quartz crystal, which can be greatly
affected by temperature, or which may oscillate
at other frequencies than the desired frequency.

To minimise frequenecy variations it is usual to

have:—

1. The oscillator circuit coupled to a fixed load to

which it delivers a relatively small amount of
power.

2. The oscillator operating at low power.

3. Coils and condensers, which are mechanically
stable, and which are not greatly affected hy
temperatures.

4. Stable power supplies to the oscillator.

5. Quartz crystals which are temperature controlled
or have low temperature co-efficients and which
oscillate at only one frequency.

EXAMINATION 2050.—TRANSMISSION, TELEPHONE
AND TELEGRAPH.

(Continued.)

Q. 5.—It is desired to determine by wmeasurement
the characteristic impedance, at several frequencies in

the carrier range, of an open wire line., How would
you carry out the measurement?
State—

(a) The instruments required (not to be described in
detail).

(b) The manner in which the instruments wounld be
arranged.

(¢) Any precautions to be taken to prevent errors in
measurements.

(d) The method of computing the characteristic inype-
dance from the measurements made.

A.—The characteristic impedance (Z,) of the line is
calculated from the formula:—

Z, = VZ,, when

Z, is the measured impedance looking into the line

when the distant end is short circuited, and

Z. is the measured impedance when the distant end

is open eircuit.

(a) Instruments.—The method of measuring the im-
pedances Z and Z_  involves the use of the following
instruments:—

(i) 4A Bridge, i.e., a Hybrid Coil type High Ire-

quency Impedance Bridge.

(ii) 4-1 : 1 ratio Screened Transformers suitable for
use with frequencies up to 50 kC.

(iii) An Oscillator capable of operation over the
range of frequencies desired. The output should
be reasonably free of harmonics.

(iv) 2 Variable Attenuators.

(v) A Detector Amplifier to give an audible or
visible indication of the presence of the high fre-
quency testing current.

(b) Layout of Instruments.—The instruments would

be arranged as shown.

o
Detector
lamplifier
Screened
Tranaformer
Rahf ! Variable
lg Attenuator
- o
4A ' ] ey ! Screened
mpedance e ) Transformer
Bridge PEFTY L Ratiol:!
)
e o e e R LR LR -
v i
H
! Iy Line
I o ! TO ke
} © PEHELIDY | Y easured
! Ak ‘?_f:;t:-J
) a8 5
! z T ALUAAL— | screened
il Shicld _.“[A e ] } Tramsformer
Ratio 11
P et
PARL S | Sereencd
-gr-o—- Trensformer
=241 ALK Ratio it
v
7 -
T <
Grounded > <
Variabie
= 2 S Attenuator
g k

Cscillator

Twisted pairs should be used for the connecting
leads, which should be kept as short as possible.

(¢) Precautions.—The line to be measured should be
tested to ensure that it is free from abnormal con-
ditions.

Check up all instruments used as specified in the
relative instructions, and ensure that all the batteries
used are in good order, particularly the grid batteries
of the oscillator (where used).

The use of the screened transformers tends to reduce
the longitudinal and unbalance effects. It is advisable,
however, to check their characteristics. Generally, it
will be sufficient to check the D.C. resistances of the
windings and the transmission loss introduced by the
coil at carrier frequencies. It is also advisable to
check the balance of the set-up by balancing a resis-
tance in the known arm against an external variable
resistance connected to the unknown arm. When mea-
suring, the effect of reversing the line connections
should be tested in order to ensure the absence of
longitudinal effects. The effect of reversing the leads
to the oscillator, detector amplifier and the variable
elements of the bridge should be tried also.

Method of Measurement.—Generally, the reactance
of an open wire line at carrier frequencies will be
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negative. In this case the impedance of the line may
be balanced by connecting the resistance and capacity
standards of the bridge in series as the known arm,
the line being connected as the unknown arm. The
resistance and capacity standards are adjusted until
the best possible balance is obtained.

For very accurate measurements the residual error
taused by unbalances in the hybrid coil, wiring, etc.,
may be eliminated in the following manner:—

Having balanced the bridge as described above, sub-
stitute for the line a variable standard resistance in
series with a variable standard condenser. These are
adjusted until the bridge is again balanced and their
values used for calculating the impedance of the line.

Measurements should be made with the far end of the ~

line short circuited, and again with the far end open
cireuit.

(d) Method of Computation.—Let R represent read-
ing of bridge variable resistance, and C represent read-
ing of bridge variable capacitance, then for lines with
negative reactance—

3 e S
== S R \'R’—}—(——_—)
¢ J

- wC
and Z, mayv be calculated similarly.
Then—

Zo = \/Zc X Z,.
Measurements of both Z, and Z, should be made at
each of the carrier frequencies for which it is desired
to determine ZO.

Q. 6.—Thermionic tubes are in use in the following

conditions:—-
(a) A diode as a detector.
(b) A triode as an anode-bend detector.

Give a diagram of the circuit arrangements for each
case and describe the manner in which the tubes
operate as detectors.

A.—The circuit arrangements for the diode as a
detector and the triode as an anode-bend detector are
as shown in Figures 1 and 2 respectively.

B

o

In both diagrams the lettered elements have the
following significance:—

A. Transformer or Tuned circuit transmitting
modulated signal.

B. Fig. 1: The Diode. Iig. 2: The Triode.

C. & F. Condensers having low impedance to tne
carrier frequency and a high impedance to the
modulation frequency. ¥ is sometimes omitted.

D. Loading resistance. s

E. Blocking inductance for carrier frequency.

the

G. Loading resistance or grid feed for next stage in

an amplifier.
In Fig. 2.

H. & I. Blocking condensers for D.C. In practice
I may be omitted by returning load circuit directly
to the cathode.

J. Anode battery.

K. Bias battery: must be sufficient to bias back B
nearly to cut off.

The manner in which these tubes operate as detec-

tors is shown with the help of Figure 3.
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- Fig. 3.

The e-i section of IFigure 3 gives the relation be-
tween the current i in the anode-cathode circuit of
the detector and the impressed voltage across the in-
put to the detector.

The lower curve represents the impressed voltage
plotted against the time fior a modulated carrier. The
right-hand curve represents the resultant current in
the anode-cathode circuit also plotted against the time.

The effect of the detector is to produce a current
which is certainly composed of a D.C. component plus
a component having the modulation frequency plus
other components having the carrier frequencies, etec.
If proof of this statement is required, the following
method might be used:—

Assume that no modulation exists. In this case the
output current will clearly be a direct current com-
ponent plus the carrier frequency. Now introduce a
small degree of modulation. The output will now con-~
sist of the carrier frequency plus a direct current
component which rises and falls with each modulation
peak and valley, but this rising and falling is the
equivalent of a superposed signal having the modula-
tion frequency. Thus, a component having the modu-
lation frequency must exist in the output current.

The above discussion relates equally well to the
diode and anode bend detector since the e-i curve for
each is similar, but in the case of the anode bend
detector the steady state working point, as represented
by the axis of the modulated carrier diagram, is at a
negative voltage and the e-i curve is displaced to the
left.

The elements C, D, E and F are necessary in a
detector to separate the wanted component (modulation
frequency) from the carrier and other unwanted pro-
ducts of detection. They also react on the detector in
a manner which usually increases the efficiency of the
detector. The filter shown is of a form suitable for
use where large differences exist between the carrier
and modulation frequencies, such as radio and audio
frequencies.
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Q. 7.—The later types of Carrier Telephone Systeimns

in use in Ausiralia incorporate in their design—

(i) Carrier Suppression.

(ii) Single side band transmission.

(iii) Grouped frequencies for each direction of trans-

mission,

(iv) Diflering carrier frequencies for systems to be

used on parallel open wire lines, e.g.,, CN,
CS, and CT system:s.

Explain briefty the advantages gained by the adop-

tion - of these principles.

A.—The advantages gained by the adoplion of the

four principles of carrier system design are as follows:

(i) Carrier Suppression.—By suppressing the carrier

frequencies locally in the modulators, a number of
advantages is gained:

(a) As these frequencies are no longer transmitted
cver the line, a source of interference to other
systems operating cn the same route is removed.

(b} As band filters do not now have to pass carrier
as well as side-band, the band widths can be re-
duced, with a consequent economy in the alloca-
tion of the freguency spectrum. Also, greater
tolerance can be allowed in the design of filter
cut-offs.

(¢) With the reducticn in total sources of power to
be handled, the amplifiers at their existing load
capacity can handle greater power per side-band,
thus improving the speech to moise ratio.

(d) With carrier suppression a more stable overall
equivalent is possible. The audio output of a
channel is proportional to the product of the
amplitudes of carrier and side-band at the de-
modulator. In a carrier suppressed system the
side-band component only is affected by variations
in line attenuation.

{ii) Single Side-band Transmission.—The advantages.

of suppressing the unwanted side-band are similar to

those gained by suppressing the carrier frequency,

parilicularly in regard to—

_ (a) Removal of a further source-of interference to
other systems.

(b) Economy of the available freguency range.

(¢) Reduction in power to be handled by amplifiers.

(iii) Grouped Frequencies—The grouping of fre-

quencies for transmission in either direction-—

(a) Greatly simplifies the arrangements for filtering
and amplification at common amplifier points.
With the standard arrangement for 3-channel sys-
tems the three ‘‘low” frequencies are used A-B
and the three ‘“high” frequencies B-A. They can
be separated by ‘‘directional” filters consisting of
high and low pass filters only. The relative ampli-
fiers need only be designed for a frequency range
covering three adjacent side-bands.

(b) The ‘“‘grouped” wor directional frequency scheme
(two frequencies per channel) provides the equi-
valent of four-wire working, thus allowing the
desirable- higher gains due to improved ‘‘singing
point’’ conditions.

(¢) By using similar groups of frequencies in the
same direction on adjacent systems, the levels of
frequencies most likely to cause cross-talk rise
and fall together over the various sections. Cross-
talk problems are thus limited to far end troubles,
and <design of transposition schemes can be less
strict.

(iv) Differing Carrier Frequencies for Parallel Sys-

tems.—By ‘‘staggering” the frequencies of one system
with respect to those of another system operating on
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the same pole route the possibility of cross-talk is
greatly reduced as the points of maximum power pro-
duced in the channels of, say, the ‘normal”’ system
oceur at freguencies which lie between the band filters
of the ““staggered’” system. The conditions for the line
transposition layout are consequently less exacting.

Q. 8.—(a) Give briefly the requirements to be met
by a long-distance channel to be used for the trans-
mission ot programmnsmes for broadcasting.

(b) Describe how these requirements have been met
on any channel in use in Australia.

A.—(a) The ideal to be aimed at in the provision of
a programme channel over trunk circuits is the trans-
mission of music without distortion or interference.
The programme circuit must, likewise, not interfere
with other lines on the route.

1t is found that music is little affected if a fre-
quency hand 35 to 8000 cycles per second only is
transmitted, and that very fair results are obtained
w.th a band of 50 to 5000 cycles. Within this band,
the attenuation plotted against frequency graph should
be subs:iantially flat (say, within * 2 db of the 1000
cycle value) and phase distortion must be negligible.

In an open wire physical circuit, phase distortion
causes no trouble, and to obtain a satisfactory band,
carrier systems must work above the upper freguency
limit, composite sets must be removed, and discon-
tinuities, such as lengihs of cable, eliminated as far as
practicable. An equaliser will be required to compen-
sate for the attenuation freguency characteristic of the
line. In carrier systems, the transmitted band is taken
care of in the design of the system, but the line should
be free of discontinuities and will require equalising.

Considering interference, experience shows that a
programme is satisfactory if the volume range is con-
fined to 40 db (althcugh many musical programmes
actually cover a much greater range). and, therefore,
the level at any point along the line must be such that
maximum volume will not cause cross-talk into adjoin-
ing lines, and that 40 db below this level the received
cross-talk and other ncise will be negligible. This
requires that noise shall be about 55 db below average
programme level. This will, of course, depend on the
physical condition of the line and whether the circuit
is provided at voice or carrier frequency. Amplifiers
will, therefore, be required ion long-distance lines.

(i) To provide for observation of physical circuits,
a monitoring amplifier, loud speaker and level indica-
tor are supplied with the amplifier installation; while
on carrier circuits a pilot frequency is transmitted and
line variations are shown by change in pilot level as
indicated on a meter supplied with the repeater.

(ii) A corollary of this requirement as to levels is
that the equipment must be designed to handle the
maximum volume without more than about 5 per cent.
distortion due to overloading.

(iii) The location of and power transmitted by these
installations will be co-ordinated with ordinary voice
frequency repeaters and carrier repeaters, to ensure
that the difference between low level and high level
circuits (i.e., at the receiving and transmitting ends of
a repeater section respectively) shall not be such as
to cause cross-talk. Where possible all such equipment
will be installed in the same building and use the same
bhatteries.

Consider the case of the permanent programme line
__Melbourne to 3GI, Sale. The distance in this case is
approximately 130 miles, the trunk lines consisting of
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an unloaded entrance cable of 12 miles and then open
wire lines. Examination of the wires available showed
that a physical circuit free of composite sets and
carrier equipment giving a 35 to 8000 cycle band could
he provided much more economically than a carrier
system. In order to obtain a flat attenuation versus
frequency characteristic, equalisation of cable and open
wire sections was necessary, and the equivalents were
then 35 db and 22 db respectively.

The average level at the sending end is limited by
the apparatus to zero (= 6 mW), this figure being in
turn decided from economic considerations governed by
number and power handling capacity of repeaters neces-
sary for satisfactory telephone conversation. (Note
that average level can be taken as 10 db below maxi-
mum level.)

As the received level at Sale would thus be —55 db,
an amplifier and associated equipment was installed in
the exchange at the end of the cable to avoid cross-
talk. This amplifier lifts the received level to approxi-
mately —22 db, and after careful balancing and trans-
posing the line this was satisfactory from the point of
view of noise and cross-talk, but too low for introduc-
tion into the transmitter; this was overcome by the use
of an additional amplifier at the station.

EXAMINATION 2050.——~TELEGRAPH EQUIPMENT.
(Continued.)

B. E. EDWARDS

Q. 5.—(a) It is desired to utilise double current
transmission over the commecting channel, but the
transmitting machine is only adapted for single current
operation. Explain with the aid of a sketch the
arrangements you would malke.

(b) What is meant by *Bias” on a telegraph relay
and what effect does bias have on the reception in a
machine system?

A.—(a) In machine working the differential proper-
ties of the polarised telegraph relay are generally
utilised for this purpose. Figure 1 shows the con-
nections.

TOSENCING CHANNEL

o S Ry

5 T RELAY
)5 m(@ OPERATING
200P
il 11°
,I % 5 T
> - 5 HM
200" S el

/G

*BATT

Winding U-D is arranged as a biasing winding to
move the tongue T to the marking contact when wind-
ing D-U is unenergised.

R limits the current to some value I suitable for the
relay in use. With a Creed relay 15 mA’s would be
a suitable value.

S is the sender. As shown, it represents a tele-
printer, but it may be the distributor of a morkrum
teletype. In the latter eventuality, since the morkrum

distributor has marking contacts, but no spacing con-
tacts, the directions of the relay windings would be
reversed.

R, and the resistance of SC limit the operating cur-
rent through D-U to a value — 2I. When the sender
is operated to spacing the predominance of current in
the winding D-U moves the relay tongue to the spacing
contact.

SC is a shunted condenser inserted to neutralise the
inductance of winding D-U. With a Creed relay the
values are 2000 ohms/2 mF. SC preserves the signal
shape in the woperating winding and tends to overcome
the bias that is inherent in this kind of relay operation.

T is the relay tongue connected to the sending
channel; e.g., carrier or V.F. send loop, split of duplex
equipment, etc.

The battery resistances are shown as 200 ohms each.

Figure 2 indicates the corresponding currents in the
operating loop and the sending channel.

LETTER 7V
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oPERATING O

o W S O SR
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(b) Bias on a telegraph relay is a condition by
virtue of which the relay responds more readily to
currents of one polarity than to those of the opposite
polarity. In a relay working under double current
conditions, it would generally be due to a marked in-
equality in the distribution of the magnetic field from
the armature to the pole pieces on either side. Defec-
tive centring of the contacts or unequal adjustment of
the pole pieces (in certain types wof relay) are usual
causes of relay bias.

In machine systems, where reception depends upon
the correct spacing of the code elements on a time
basis, relay bias may cause errors by distorting this
spacing beyond the operating margins of the receiving
machine. Figure 3 shows the possible effect on recep-
tion of marking bias in the receiving relay of a tele-
printer circuit.
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The circuit shows the generalised arrangement.

Curve A is the received signal train for the letter D
as it appears in the windings of the receiving relay.

OM and OS are the mark and space values that the
current must attain in order to operate the relay.
Marking bias is evident,

Curve B is the distorted output from the relay
tongue. This curve may also be assumed to show the
movements of the printer electromagnet.

Curve C shows (relative to the operation of the
electromagnet armature in curve B) the periods during
which the striker blade is moved towards the selector
fingers. If the electromagnet armature is to ‘‘mark-
ing” at these times a finger will be selected. There-
fore elements 3 and 5, which were spacing in the
original transmission, may appear as marking in the
reception.

Q. 6.—Draw a schematic diagram of the connexions
of a long-distance leased teleprinter, including the
C.T.0. observation teleprinter facilities to enable the
leased service to be tested and supervised as desired.
What effect has the spasmodic movement of a receiving
relay tongue due to an incorrect line balance, on the

working?

RL

(i) The test teleprinter to monitor on either the

outgoing or incoming transmission.

(ii) The test teleprinter to be connected as a second
““local” station and therefore to ‘‘speak’ to either
lessee.

(b) Fig.
contact of

1 shows that the marking battery on the
the home record relay is supplied through
the tongue of the receiving relay. In order that the
home record may be received during cutward {rans-
mission, the receiving relay must be held on the mark-
ing side by the stop signal from the distant end. If
the position of the receiving relay tongue is disturbed
due to faulty balance conditions, the home record at
the sending station will be mutilated. Transmission to
the distant station will not be adversely affected.

Q. 7.—At a country centre a mumber of morse sim-
plex channels and one manual duplex system are ter-
minated. A 24-volt secondary battery and a commer-
cial A.C. power supply of 200-400 volts are available
and it is proposed to utilise these for main and local
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A.—(a) Fig. 1 shows schematically the long-distance
teleprinter point to point service.

At the physical line duplex terminal only essentials
are shown. Switches are generally provided to allow
of hand working and hand balancing, and for opening
line and artificial line circuits.

In the figure:

RM is a resistance to limit the biasing current in

the marking winding of the auxiliary relays.

RI, are resistances to limit the steady state currents

in the operating circuits.

SR is the sending relay of the auxiliary

HR is the home record relay of the auxiliary
Keys are provided to allow:

group.
group.

| 7EST £085. TPR od» 70 MOTOR.

LT ot s i ) e St = | = o)

telegraph power requirements. Explain fully, with the
aid of a sketch, the arrangements you would make.

A.—As shown in Fig. 1, “double current” potentials
for the duplex ecircuit would be provided by the use of
two rectifier bridge arrangements. Morse lines ter-
minating at the office would be connected to either of
the two duplex potentials available, to the 24V bus
bar, or to earth, depending upon the conditions at the
distant end.

The value of the duplex potentials would be chosen
after consideration of all line condi‘ions, but the 120
volts shown would meet general requirements, as local
resistance could be inserted in those lines for which
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24 volts would be too low, and 120 volts too high if
connected direct. Besides any short morse lines, the
24 volts would supply current for tlie locals of both
the duplex and simplex sets. Since the office is com-
"paratively small no battery IDF wor resistance panel
would be provided. The sets would be wired direct to
the fuse panel, and resistances where necessary would
be mounted at the set.
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sary if the 24-volt battery were used for locals only.
SD is the 24-volt discharge switch.

The 120 volts positive and negative are obtained
from two rectifier bridges in order to obtain good volt-
age regulation. Both leads are filtered as these poten-
tials are intended {or line voltages.

L may be a 4001A repeating coil connected as a
choke coil.

Q. 8.—Draw a schematic diagram of a Fast Speed
repeater installation suitable for use on a long physical
channel, multiplex being operated between the two
terminal s‘ations. Assuming the repeater relays are
operated on the Gulstad principle, explain how you
would satisfy yourself that they are in correct adjust-
ment.

A.—At a repeater station where no multiplex appara-
tus is installed the Wheatstone receiver must be used
to test the operation of the Gulstad relays. Although
the record of reversals received thereon may be inter-
preted as being satisfactory or not, signals of varying
length cannot be so treated unless the combinations of
transmitted signals are known. It is usual for test
purpcses, therefore, to send pre-arranged groups of
signals from the terminals so that the reception at the
repeater station may be interpreted. These would
include the equivalents of dots, dashes and spaces.

The operation of the Gulstad relays may be taken
as satisfactory if the speed of free vibration, and the
control are correct. By control is meant the current

TO LEAN RELAY
& WX RECE

ALARNT

2 KEY WV
Y - i——»z
[ : Vs 847759
200 200
f- -
o (16 /
In the figure, SC is the 24-volt charging switch

which connects the rectifier to the battery for charging.
Since the battery may be floated, a filter is included in
the charging circuit to prevent ripple from the rectifier
interfering with telephone channels on the same routes
as the telegraph lines. This filter would not be neces-
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value at which the signal predominates over the effect
of the current in the wopposing coil.

Test for speed:

(a) Receive reversals from the multiplex terminal
concerned and record them on the tape of the Wheat-
stone receiver.
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(b) Open main battery switch and line switch of
repeater terminal concerned. Record free vibrations of
Gulstad relay on the Wheatstone receiver tape.

(¢) Compare the records and verify that the free
vibrations are about 10 per cent. slower than the
incoming reversals.

Test for control:

(a) Receive pre-arranged test signals from multiplex
terminal with Gulstad relay circuit operating. Record
these signals on the Wheatstone tape, and examine
them to verify that there are no mutilations such as—

Dashes split.
Signals or spaces between signals clipped.
Extra dots.

(b) Verify that some margin exists in the control
by ascertaining that G may be increased- and decreased
about equally on each side of the set value before
failure occurs.

If the Gulstad relays pass this test, their adjustment
may be regarded as satisfactory.

EXAMINATION 2050.—TELEPHONE EQUIPMENT.

(Continued.)

J. A. KLINE, B.Sc., AM.LLEE.

Q. 6.—(a) Show schematically the ‘Stomne”
“Hayes'’ feeding bridges. Comuent briefly
essential points of difference.

(b) From Figure 1 and Figure 2 extract and draw
the feeding bridges as a combined schematic diagram.
Intermediate switches may be omitted.

and
on the

(c) What is the effect of the ballast resistance
shown in Figure 1? i
A.—(a) The fundamental difference between the

Hayes and Stone Systems is that the former connects
the common battery to a set of repeating coils for each
transmission bridge, while the latter employs retarda-
tion coils. The Hayes System was used mostly with
22 volts and the Stone System with 40 volts in manual
working. The Stone System has been modified by the
addition wof condensers as shown in sketch. The
sketches illustrate two separate lines connected across
the battery in each case. In practice, there would, of
course, be many more lines connected across the
battery.

3 —w

2uF
o
B ; ;é
T T
ur

In each of the arrangements shown, direct current
is supplied to the sub-station transmitter in series with
the two coils, whether they be retards wor repeaters.

Speech currents are alternating and are, therefore,
inductively passed through the repeating coil or elec-
trostatically passed through condensers. In the origi-
nal Stone circuit, where only retards were used, the
impedance of the retards prevented the speech currents
from being short-circuited through the battery and so
enabled them to pass directly across from one side of
the circuit to the other. In the automatic system, the
transmission bridge has been developed from the Stone

arrangement using econdensers and a still higher
voltage.
6(b) REPEATER FINAL SELECTOR
|_r o= S
= ey = —]—J'
ALLING s CALLED
5Us. I e

(¢} The ballast lamp is included to regulate the
current flowing in the calling subscriber’s transmitter.
The characteristic of this unit is to increase the resis-
tance with increase of current; therefore on short loops
the line current will be limited to 100 milliamperes,
but as the line increases in resistance and the current
decreases, the resistance of the ballast lamp falls.
Even won long lines the transmitter current is always
kept comparatively high. The battery feed relays,
although wf 50/50 ohms resistance, have high impe-
dance because of nickel iron sleeves. Satisfactory
transmission is possible over longer lines than if
200/200 ohm relays are used.

Q. 7.—A secondary battery of 30 volts, capacity 10
A.H., is permanently connected to a load of 2,000
ohms. Neglecting internal resistance of battery and
asswming voltage remains constant, but allowing insula-
tion resistance of discharge leads as 10* ohms—

(a) How long will the battery supply the load without
recharging?

(b) What will be the efftect on the answer to (a) if
the insulation vresistance is iIncreased to 10°

ohms?
A—
(a) Drain of load =— 50/2000 amps. = 1/40 amps.
Drain of leakage — 50/10,000 amps. = 1/200 amps.

Total drain — 1/40 4+ 1/200 = (5 + 1)/200 amps.
Time 10 amp. hours will last — (10 X 200)/6
— 333-% hours.

(b) The drain of leakage is nuw reduced to 50/10¢
amps, which is negligible compared with the real load
of 1/40 amps.—it is actually 1/500 of the load. The
reduced leakage will have the effect of lengthening the

1
time the battery will last to almost 10 -~ — — 400
40
hours, or actually less 1/500 of 400 hours — 4/5
hrs, i.e., the battery will now supply the load for

399-% hours.

Q. 8.—(a) Explain the essential differences between
Siemens No. 16 system and the regular Strowger auto-
matic system, for five figures.

(b) In a network equipped with No. 16 type, what
special arrangements would be required to establish a
new branch exchange, using Strowger equipment?




(3

December, 1937 THE TELECOMMUNICATION JOURNAL OF AUSTRALIA Page 313
A—(a) B
Siemens No. 16. Strowger.
1. Feeding Bridge .... .... ....{In first selector ... ... In final selector.
Zo VOlEED i oot GOV Sl i, S e 50v.
3. Rotary Motion of Switches| By current impulses from |Self-interruption of each
inernun TSRS IR IS switch.
4. Engaged Test on Bank| (a) Selectors and 2nd pre-|Absence of earth is free con-
ConactSen | i mn S selector-battery on C wire dition.

(b) First
DRGNS RC 1 STE A HLO N L NS

BPIR I ESE] €CTO IS St s (e SN
T Impulsiig =0 wn AN

is free condition .... .... ...
preselector
when C wire earthed ...
Reduction of resistance
TLRE @hRE e s
10-point 1st and 2nd .... .... ...
Repetition from 1st
overtone: legt TN IS

free | Battery is free condition.

in C|Increase of potential on C
? wire.
24-point homing.
selector | Loop dialling straight through

fo successive switches.

(b) The special arrangements would affect only the
junction circuits between the main and the branch
exchange.

(1) Junctions from Strowger branch to Siemens 16
main exchange. Normally the outgoing repeater or
Switching Selector Repeater of the Strowger equipment
will provide a loop for calling and accept reversal for
supervision; whilst the incoming selector at the Sie-
mens exchange is normally impulsed by applying bat-
tery over one leg to an earthed relay and extends
supervision by applying battery over the other leg back
to an earthed relay at the branch exchange.
possibilities would permit inter-working:—

(a) Alteration of outgoing repeater or S.S.R.

(b) Alteration of incoming selector.

(¢) Interposing a special repeater at either end of

the junction.

Since the network has Siemens main exchanges,
alternative (a) would probably be the best, and the
repeaters would be modified from the principle shown

in Fig. 1 to those shown in Fig. 2.
8 a) A
——E—o‘—j—/L—--— A=
D }JNU )Ncr}
= —==

&7

E&‘ —
T P
Fig. 1 Fig. 2.

(ii) Junctions from Siemens main to the Strowger
branch. There is no outgoing repeater normally neces-
sary with the Siemens No. 16 equipment, the P wire
terminating in a resistance connected to battery, but
the outgoing impulses will be sent via one leg and the
supervision received on the other leg. The incoming
selector or final selector at the Strowger branch re-
quired a loop circuit and would transmit supervision
by reversal. The alternatives available are:—
(a) To alter the circuit of all the first selectors in
the main exchange, making the calling side similar
L@ A6l kb

(b) To alter the circuit of all the switches which
can receive impulses from the junction so that the
impulse relay is connected to one leg and super-

Three

visory signals are transmitted back over the other
leg.

(¢) The use of special repeaters at either end of
the junction.

If the branch has final selectors only, on the incom-
ing junctions, (b) will probably prove the most eco-
nomical, otherwise (c) might prove the best arrange-
ment.

Q. 9.—(a) Sketch the essential parts of one type of
moving iron ammeter wused for A.C. measurements.
Explain the principle of operation and damping.

(b) If its resistance is 2,000 ohms and 20 milliam-
peres gives full scale deflection, how would you adapt
this instrument to measure 500 volts direct current?
Show your working,

A.—(a) The moving system consists of a light soft
iron plate which is pivoted as shown. Attached to the

AR DAMPING
CYUNDER

MAGNETIC
SCREEN

SOFT 1] L PIvoT
RO~ IS
ors¢

con lccm

POINTER

C SCALE

plate is an alumininm pointer, the back end of which
is terminated by the piston in an air-damping cylinder.
The fixed coil is wound on a short cylindrical former
and is located in relation to the moving system as_
shown. When a current is passed through the fixed
coil, a magnetic field is set up which embraces the soft
iron plate. The force of this field on the plate tends
to move the plate into the strongest field, i.e., at the
centre of the coil, irrespective of the direction in which
the current is flowing. Owing to the eccentricity wof
the pivot, this force is converted to a turning moment

.
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and the pointer moves over the scale until the tUrnin S Fain] e S G PRSI RER =5 S SRR et S S I (JVex
moment of the field balances the restoring moment Creosote ... .... . =160 gl S?

provided either gravitationally or by means of hair
springs. (The restoring system is not shown on the
sketch.)

The air-damping device is necessary to avoid vibra-
tion of the needle which would otherwise occur due to
the small inertia of the moving system. The damping
device is particularly important when the instrument is
used on alternating current. In this case it is neces-
sary to maintain the needle steady, although the cur-
rent and magnetic field are varying in intensity and
direction at a very rapid rate.

(b) In order that the instrument should measure
500 volts with a full scale deflection, it is necessary to
add resistance in series with the meter so that the
current is 20 milliamperes when a pressure of 500
volts is applied. The value of this series resistance
can be calculated from Ohms law:—

Total resistance of circuit — V/I

20
= 500 - —— = 25,000 ohms;
1000

where V = volts applied and I = current (amperes).
But, 2000 ohms of this resistance are already provided
by the meter itself. Therefore series resistance to be
added

— 25,000 — 2,000 = 23,000 ohms.

2050.—LINE CONSTRUCTION.
(Continued.)

C. J. GRIFFITHS, M.E.E, AM.LE.E.

Q. 3.—DPrepare a detailed estimate showing quanti-
ties of material and man-hours of ilabour, but no prices
for the erection of a pole line five miles in length along
a country road where the conditions are such that the
poles cannot be erected within less than 6 feet from
the fence line.

The poles are to carry immediately two pairs of 200-
1b. per mile copper wires phantom transposed, the
provision of which should be included in the estimate.
The pole line is to be designed to carry wultimately two

EXAMINATION

crossarms.  Average conditions as regards sinking,
clearing, gates and road crossings may be assumed.

A.—Material.
(1) Poles and Stay Stores

Poles, wood, 20’ to 26’ (32 to mile) ... .... (B0t <
Arms, wood, 108" x 3" x 3" 8way W.S. & SS 159
Arms, wood, terminal, 108" ... ... ... ... ... k 2
B OGSl R Ja L0 T Ry s 161
5 CUESE 400 T 0 i e RN s e s 322
Bracest fanmagdias - i R G i S e s e e 31212
Serews, coach, 3”7 x 87 ... . . . i aeee e oo 161
IREOIEY: el LY SR as 5E socs Loota coct ocon leoes 161
LRI, LS50 | oo e e cemn oo Hhas oo coco ThN ST Fiie 15 1b.

Stayrods, 6’ x £” (2 transverse % and % mile

points, 2 longitudinal at % mile points and
say - 10sangles) s s et R I B
Stayrods, 8 x 37 (2 telmmal stays) ................ 2
Plates, steel stay, 12” x 12" ... .. . o .. 48
o # P05 e R854 AR S ey Bl 2
Dyebolts, D e IO M O TR O i A e s 29
S . L ARt e B 2
Detachable R e e | S B R R SR 19
Stayguards (saplings or timber) ... ... ... ... ... 50
VLE RS L6 ElSaTl/IiA e R S R s St g S 1026 1)
. e /AL are 10 1b
100 1b

S iR S T T e e S

The number of each size of pole will vary with
nature of country, number of road crossings and gates
and number of extra-sized poles required for grading.

(2) Wire Stores.

WAL e G ESID- @EREII0/()RS] hY Cee BBt W 1 S B Ees1 0105S1h'sd
Thsulatons s mnk S e o o 600
it - Terminal (Pothead) .... ... .... 80

(Assumes 9 Phantom Transpositions—and for
terminating.)

SpindlessainunlEWioodi F T e e St 51210
35 = Stieel, K57 T oyl Nl sl e S 40
7 pRE IO D etk S maii e m o R i e e 20
(Assumes 20 non-phantom Transpositions.)
B an (S ite T T e e s e e 72
Bolts, 4” x 3" (for bands) .... .. oo ciee cee een eens 36
% 4%” x %” (for Double Spindles) .... .... .... 20
Screws, coach, 237 X 37 . . L el il aiid eeee el 20
CablieNPAIRFIC SN nwirey/ 044 T B8 . SRR e 80 yds.
1 pair/.044 Soo BhZ2 A AOKEE
CompoITIARES e I1le SENERI s e WIS = i 5 to 6 lbs.
Wire, soft copper, 50 Ib. ... ... ... ... ... ... ... 25 lbs.
Tapes, copper, 100/200 .... ... ... ... .. ... .. ... 604
Slcevesti2 00T T M T e 1 (0/0)
CHBOE RIS A8a ) daes  Eoohiboed | ot . 200
Sundry items, solder, etc.
TLabour. Avge. Man-
Description. Adopted. Qty. hours.
Erect poles, soil ... ... 4 120 ... 480
Erect poles, rock ... .... ... 7 41 ... 287
10ERT7 N O aos e oo | ecet 1 6 161
Ciipole st e i INREN Sesed = KEH
N T S s =5 {Fl e 80
Fit braces ... ... ... .. ... s o | LAl e 40
StayshSoflie T sm oe o ST 4 SIS RS 185)D;
Stays roek ... ... ... ... .. 6 152 72
Creosote poles .... ... ... ... B3t3 EEIE 54
Erécthwirep = - rw gy TR s a5 20 ... 300
Transpositions ... ... it PO L 20
Pothead transposmons 3 O e 27
Bridle leads on T poles ... o 4 2
SUDETVASTO T e = 3% g3 R 66
R PRI o tinese oo kit ool & 5% R 1:241]
Clerical .... . P et R 55
Material handlmg ............ 49 R 88
Material lay out .... .... 49, R 88
Driving motor vehicle .. ... 2% . R 44
T O AT R s i e 2210

Incidentals.

Incidentals will include allowance for the following:
—Cartage, Freight, Truck Hire, Local Purchases, Plant
Upkeep.

Q. 6.—Describe the method you would adopt to capa-
city balance a trunk cable, and state what instruments
you would require for the work.

What are the reasons for doing this work?

A.—The procedure adopted in capacity balancing a
trunk cable is as follows:—

(1) The drum lengths of cable are drawn into ducts
or laid in the ground, as the case may be, gas pressure
tested and I.R. check tests made.

(2) The capacity balancing is carried wout over load-
ing coil lengths, and in the preliminary layout of the
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drum lemstis She Madines section must be divided int
16, IZ. 38 § resssmably equal lengths. :

(3) The =mmmber of test lengths selected will be
depengent Sr=lls @n the loading section layout as re-
ferred T8 = 12}, and secondly on the final limiting
capacity mmSalanee conditions. The more stringent the
capaci'y m=balance conditions (and conseguently cross-
talk) ©Be s=reater the number of sections required.
Normally 8 or 10 test and selection points in a loading
section of 2000 yards will be satisfactory. Fig. 1 illus-
irates an S-length section.

2000 yos 1

F1O ]

(4) The preliminary jointing together of the inter-
mediate lengths (a case where the cable is laid in
ducts—with armoured cable a full 200 or 250 yard
length will probably be laid in one section) at a, b, ¢

. should be made by selection from factory test
sheets of capacity unbalance.

(5) Capacity unbalance tests on quads are now car-
ried out at points Ty, T. on an A.C. bridge
termed a ‘‘capacity umnbalance set.” Two types of set
are in general use—the ‘‘double bridge” and the
‘“single bridge.” The laiter does not provide for sepa-
rate measurement of wire to wire capacities indepen-
dent of earth unbalances, but is sufficiently accurate
for all normal cable balancing work and has the advan-
tage of greater speed in operation. The ‘“‘single bridge”
will be considered in the present instance.

5 !
(Y)\j A (=)
a AR : par
B 5 CD : pair
(x)x < W(W)
&
Fi&i =

(6) The capacities concerned in the network formed
by the four wires of a quad are as shown in Fig. 2.
The resultant wire to wire capacities are designated
W, X, Y, Z, and the ‘“side” to ‘‘side” and ‘‘phantom”
to ‘‘side” capacity unbalances as measured by the
single bridge by:
P4+ Q=W—X+2Z—Y
R4+S=W-—2Z4+X—Y
for phantom to side unbalance, and
P—Q=W-—X—-—2Z2+Y
or R—S =W —X —Z%Z 4 Y
for side to side unbalance where:

For no crosstalk, the following conditions apply:
P+Q=W —X +272—Y
R4+S=W-—2+X—Y

R-83=P—Q=W —X—7Z7Z+Y
‘When'cemWi == SXei—\ea—8"}

0]
0]
0]

AN

(7) The schematic cireuits of the ‘‘single bridge”
for measurement of side to side and phantom to side
capacity unbalance are illustrated in Figs. 3a and 3b
respectively.

Rec

}r——il——éL—c'd'o'mm—omwm —

FI1G. 3A Side to side

=t

FI1IG da Phantom to side

Apart from the bridge an oscillator, screened con-
necting lead and a Megger will be required.

(8) After measurement of the capacity unbalances
at points Ti, T, T, and T, (Iig. 1), a careful selection
of quads is made to reduce the resultant as near as
practicable to the above ideal. By joining the conduc-
tors of the two gquads together in an appropriate man-
ner, any one of the three unbalances in one quad may
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be made to subtract from the similar unbalances in the
other quad. After completion of tests at Ty, T, Ts
and T, a similar test and selection is made at T, and
Ts and finally at T,.

(9) After the final jointing up crosstalk tests should
be made to check the results of the capacity balancing.
Check tests should also be made of earth unbalances
-—these can be measured by a suitable modification of
the “single bridge.”

The principal object of capacity balancing testing is
the reduction of crosstalk and interference. The cross-
talk between side circuits of a guad and the side ecir-
cuits and phantom is determined primarily by the
extent of the capacity wunbalance represented by
W — X, Z — Y, etc. The interference from external
sources as represented by noise level on circuits is
determined primarily by the earth unbalances which,
with present ecahle manufacturing processes and except
for severe exposure to power interference, do not
require special tests.

Q. 7.—State briely the principles to be followed to
ensure that a given standard of transmission will be
attained between any two subscribers connected over a
trunk network.

State what would be a reasonable overall standard
of transmission to adopt and show how you would
provide for this standard, giving the allowable losses
in the various parts of the complete connection.

A.—Standard of Transmission:—The first step is the
determination of a suitable standard of transmission
for conversation between any two subscribers, remem-
bering that such a standard must necessarily be a
limiting rather than an average condition. In broad
terms, transmission is satisfactery when two sub-
scribers can converse without misunderstanding or
s‘rain. With such a wide definition the fixing of a
particular standard is to a large extent arbitrary, and
to provide some practical system of standardisation a
master telephone transmission reference system has
been established by the C.C.I.F. in Paris. This system
is called the SFERT, and consists of three parts—

Sending end;

Artificial line normally set at zero;

Receiving end.
Comparison between sending system, receiving systems,
as well as lines and equipment inserted between these
systems, can ultimately be referred to the SFERT. and
a figure known as the Reference Equivalent- obtained.
The C.C.I.FP. limiting reference <quivalent is 30 db.
and would be a reasonable standard to adopt for over-
all transmission subscriber to subsecriber. In setting
the standard in this manner, due consideration must be
given to the degrading effects on transmission of the
following factors:—

(1) Limitation of frequency band transmitted.

(2) Circuit noises.

(3) Room noises, both at speaker’s and at listener's

end.

{(4) Variations in speech

mitter.

(5) Transient phenomena.

power delivered to trans-

In the case of a trunk connection the distribution of
ihe standard equivalent between the trunk portion of
the circuit and the subsecriber’s portion is determined
‘primarily by the economics of trunk and subscriber’s
circuit provision. A reasonable subdivision on this

basis provides for a 15 db. allowance for line and
equipment in the trunk connection. The remainder of
the allowance igs taken up in the subscriber’s connec-
tion, which is defined by the circuit conditions shown
in Fig. 1.

Sranpare GRaE oF
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Transmission Layout.

Trunk Network:—With an allowable limit of 15 db.
on the trunk portion of the connection the next step
is to provide for the limits to be applied to the various
links making up this trunk connection. Arising out of
the variety of connections which may be set up, it is
necessary to divide up the network into zones served
by an important trunk exchange, called the zone centre,
to which the other exchanges, called terminal ex-
changes, are connected. See Iig. 2. The terminal
exchange may be a country exchange or a branch wor
main exchange of a multi-exchange network.

e —

Zone

~o a LT e
T~ i J“‘-:I\/\//D Zone centre
S~ / Uiz QO Main exchange
Multi - exchange A e o Branch exchange
retwork S = . Counﬁg\ terminal
exchange.
FIG. 2 ™9

The arrangement illustrated provides for the whole
of the available equivalent to be associated with the
zone centre to terminal exchange link. This neces-
sarily means the provision of zerno loss circuits be-
tween zone centres and permits the connection of more
than one such link in tandem without exceeding the
allowable limit.

Subscribers’ Network:—As the efliciency of the trans-
mitting and receiving conditions varies appreciably with
the telephone circuit and battery feeding bridge
arrangements, it is necessary to relate the limiting
subscribers’ loop conditions. with any variation of these
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from the standard shown in FFig. 1. For example, with
the C.B. No. 1 solid back transmitter and 200 ohm/
200 ohm 48 volt battery the limit is 300 ohms; with
No. 10 inset transmitter, 200 ohm/200 ohm 48 volt
battery feed the limit is 440 ohms, while with a No. 10
inset transmitter 50 ohm/50 ohm 48 volt ballast resis-
tor the limit is 540 ohms. Extending this principle,
limits are derived for P.B.X. conditions, magneto ex-
change services, and other forms of subscribers’ ser-
Vices.

The principles to be followed are:—
1. Trunk Network.

(a) Between zone centres requiring zero loss, 4-wire
circuits will be necessary. On aerial routes these will
generally be provided by 3-channel or single channel
carrier systems, and on underground ecable routes by
physical pairs, single channel carrier, 4-channel carrier
or 12-channel carrier systems.

(b) For zone centre to terminal exchanges, two-wire
circuits will be suitable, the use of heavier conductors
on aerial circuits and heavier conductors and improved
loading on underground cable circuits in comparison
with light gauge conductors and repeaters, will be
necessary.

(¢c) Establishment of a system of routine transmis-
sion tests on the trunk network.

2. Subscribers’ Network.

(a) Design of subscribers’ line distribution to pro-
vide suitable loop resistance conditions.

(b) Consideration w©of existing and new subscribers’
telephone equipment in relation to standard trans-
mission requirements. This particularly applies to the
transmitter, requiring considerations of solid back and
inset type transmitters, pedestal type telephone and
handset type, etc.

(¢) Consideration of new or alteration to existing
equipment involving ballast resistors, feeding bridges
and local battery telephones with two or three cells as
alternatives to heavy conductor cables and bunched
pairs, in the provision of cable.

(d) Maintenance 0of equipment in such a manner as
to retain standard conditions.

(e) Loading of subscribers’ circuits in cable.

(f) Consideration of room noise conditions,
noises and other similar interference.

circuit

Q. 8.—State what information you would require and
show how you would proceed to prepare a transposition
scheme for an aerial trunk route.

Is any alteration in transposition design desirable
when it is proposed to use a number of carrier systems
on an aerial route?

If so, what is the general nature of the alteration
and what is the reason for it?

A.—The essential information required for the pre-
paration of a transposition scheme falls under the
following headings:—

(1) Traffic development—Telephone; Telegraph;
Broadcasting.

(2) Method of provision of traffic requirements—
Voice frequency: Physical; Phantom. Carrier fre-
quency: Single channel; Three-channel; Broadcast;
Telegraph.

(3) Details of pole spacing, long spans and sections
of intermediate cable and location of transpositions on
an existing route, In the case of an existing route

consideration must be given to existing pole locations
and existing transpositions insofar as a compromise
may be necessary between the theoretically desired pole
and transposition layout and existing conditions. In
the case of a new route, it is important to know de-
tails of the pole spacing, taking into account the extent
of irregularities introduced by being unable to locate
poles in their theoretical position, e.g., the centre of a
roadway, river crossings, ete., sections of intermediate
cable and long spans.

(4) Details of power parallels, including type of
circuit separation, transformers, branch lines, or other
form of impedance change, transpositions and configu-
ration of wires.

The preparation of a transposition
involve the following:—

scheme would

(a) Preparation of development plan showing the
method of provision of circuits over the life of the pole
route, including a tentative allocation of carrier sys-
tems. From this information would be determined the
number of arms to be provided at 14” vertical and
14” horizontal spacing and at 28” vertical and 9-18''-
9” horizontal carrier spacing.

(b) Layout of transposition sections along the route
co-ordinating the section length with the discontinuities
determined by telephone circuit conditions and associ-
ated power parallels. The transpcsition section lengths
will be determined on nominal span combinations of—
256, 128, 64 or 16 spans, for which a nominal span
length of 55 yards has been assumed in the estimation
of crosstalk conditions, preference being given to the
longer sections.

(¢) Having laid out the route in transposition sec-
tions, it is now necessary to design the transposition
pattern for the required carrier and V.F. ecrosstalk
conditions, taking into consideration the effect of varia-
tions from nominal span lengths, irregularities in
transposition location, ete. The mnormal crosstalk de-
sign limit for aerial line circuits is 60 db., due regard
being paid to power levels and staggering advantages.

Carrier Transpositions.

There is an essential difference in the transposition
requirements for V.F. and for carrier conditions. For
V.F. work the limiting frequency to be considered can
be taken as 3 XKec., whereas for single channel carrier
the limiting frequency becomes 10 Kc. and for three
channel systems 30 Ke. Over this range of frequency
the crosstalk between two aerial line circuits increases
appreciably with increase in frequency. In conse-
quence, a high standard of crosstalk, involving reduc-
tion of coupling coefficienis by variation of wire and
arm spacing, and in the transposition design an in-
crease in the number of relative transpositions between
circuits is necessary for carrier operation. Apart from
the increase in transpositions, it is necessary to give
consideration to the characteristics of the carrier sys-
tems, such as the staggering advantage between sys-
tems, orientation of systems so that similar bands of
frequencies transmit in the same direction, suppression
or transmission of the ecarrier frequency, ete. De-
creased coupling coefficients are obtained by providing
9” horizontal spacing between wires of a DL 1S
between the nearest wires of adjacent pairs and 28"
spacing between arms. An increase in the relative
transpositions between circuits is obtained by increas-
ing the number of transposition poles. i
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For average conditions the provision on a pole route
for carrier operation as compared with V.F. operation

represents, apart from variation in transposition pat-
terns, increases in transposition poles of the following
order:— SVEAE% Carrier.
256 span section ... 32 64
(may require 64 (may require 128
for more than for severe con-
4 arms) ditions)
128 span section ... 16 32
64 span section .... 8 16
16 span section ... 4 8

Q. 9.—Prepare a detailed estimate showing quanti-
ties of material and manhours of labour, but no prices
for the provision in a suitable pipe of a cable to serve
a newly opened dead-end street.

Twenty houses occupying the whole of thie available
land are in course of erection, ten on each side of
the street. Iach house may be considered a telephone
possibility. The street is 220 yards long and no
Departmental plant exists in it.

A.—The arrangement w©of conduit and cable plant
assumed for the purpose of the estimate is shown in
Fig. 1.
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(1) Conduit.
Item. Quantity.
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Chps and Sundries.

(2) Cable.
Calbl BRI S=0 58 D 1w/ [ N 28 yds.
65 5 OO0 ai e et dees i e 116 yds.
o o D/ IR S e B e PSPl
90 33 SEpIS /4110 92 yds.
2 pr./10 92 yds.
Cable E. & (0300 31 by /AL (0 enmees B MR SRS Bl e = CAL T RO
Lead, sheet, 4 lb 3 to 4 Ibs.

,» sheathing (10” X 1” and 10" 5% i” mtelnal),

10 pieces
Solder; 60/ 500 3= H8s L rAr e tats g 40l bs!
" 66/34 (wiping metal) ................ 2+ to: 3 lbs.
Sleeves, paper, No. 3 . . 200
' - NGy 2 B e e B i Vool o ol . 50
Paper, brown strip .... ... ... ... ... .. .. ... 10 yds
Thread . v LEAT, 1 reel
Kelosene or petrol ............ 2 qts
Sundries, resin, stearine or tallow etc
Labour.
Conduit. - Average
Description. Qty used. Manhrs.
Excavation soil ... ... ... 40 .. 3.0 ' 5118210
IDTIIINS TB0\ =25 cbee Booe oo dnac 40 ... 1 o =40
Reinstatement ... ... ... ... 20 ... 715 TS
Lay iron pipe ... ... ... ... 1958 ... 03 ... 59
Lay precast pits .... ... .... 12, 2 ... 24
Alter manhole .... ... ... s 2 2
Recording units ... ... .._. — 15% .. 40
Supervision, travelling, approx.
records, clerical and
lay-out material.
300
Cable.
Draweini cable soa st B30 s .05 34
Test cable ... ... ... .. ... i 1l 1
Test and number ... ... ... 60 ... .06 4
Identify .... ... ... . .. 20 ... 17 4
JIO TN I S e DS B[ S .08 8
d D0 oplaleg . st e B[S SRS il 13
Take woff sleeve .... ... ... il i 1l 1
Test circuits ... .... ... ... 21O .25 5
Erect cable on walls .... ... 220 ... .10 22
Recording units ... ... ... —- 15% 20
Supervision, travelling, approx.
records, clerical material,
lay-out, ete. ==
112

Total Manhours likely to be anything from 400 to 600,
according to local conditions.

Reinstatement might be several times higher, depend-

ing upon type of surface to be restored.
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