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The subject of Long Liune Equipment is presented in three
books -

LONG LINE EQUIPMENT I includes the elementary theory of transmission,
principles of carrier telephony and telegraphy, details of the apparatus
used and information about crosstalk and power plant,

LONG _LINE EQUIPMENT II includes voice frequency repeaters, signalling
on trunk circuits, description of carrier telephone and telegraph
systems and radio programme transmission over trunk lines,

LONG LINE EQUIPMENT III includes long line installation, maintenance and
testing notes, line considerations, and transmission measurements.,
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INSTALLATION AND MATNTENANCE OF CARRIER EQUIPMENT.

CONTENTS:

1. MOUNTING ARRANGEMENTS.

2., BUILDINGS AND LAYOUTS.

3o INSTALLATION TESTS ON A THREE-CHANNEL CARRIER SYSTEM.

L« MAINTENANCE OF CARRIER SYSTEMS.

5. MAINTENANCE OF TWO-WIRE VOICE FREQUENCY REPEATERS.

6. TEST QUESTIONS.

1. MOUNTING ARRANGEMENTS.

1.1 Racks. Carrier equipment is usually mounted on iron racks of
over=all dimensions 1'8-1/4L" wide and 10'6" high. Each main
side member of the rack is made up of 3" x 1-1/2" x L.6 1b.
channel iron, and the rack is braced top and bottom with angle
iron. The channel iron members are drilled to 19" centres at
alternate 1=1/4" and 1/2" intervals on both sides to mount
standard panels. Clearance of 2-5/8" from the bottom and 2-1/2"
from the top of the rack is allowed for commencement and finish
of panel mounting holes. The channel iron is also drilled with
a number of 7/16" holes on the side to permit fixing to adjacent
racks., (In some instances of low ceiling heights, 8'6" racks
are used but 10'6" is the standard height and, as far as pract-
icable, buildings are designed with ceiling clearance to suit
106" racks.)

1.2 Mounting Panels and Covers. Mounting Panels for the racks are

T8" In Iength and are constructed from 14 or 15 B.G., mild steel.
The width of the panel varies to suit particular equipment re-
quirements and is in multiples of 1~-3/L", commencing from panel
size A (1=3/L") up to panel size J (17-1/2"). Between the rack,
the panel edges are folded over at right angles for a width of
7/16" for strengthening purposes. To permit attachment to a
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rack, U shaped mounting slots to clear 5/32" screws are cut in
the panels, the number of such slots varying with the size of

the panel. On the left-hand end of the panel, a larger U shaped
slot is cut in the centre of the panel as a wiring slot to permit
entrance of the panel form from the main form. The edges of this
slot are protected with a rubber grommet to avoid damage to form
wiring. The panel corners are drilled to take corner brackets,
which serve to locate the panel cover. The corner brackets carry
a phosphor bronze spring, which is shaped to fit into indents in
the cover to provide for centring and form location of the cover.

Covers are made from No. 20 B.G. mild steel plate box shaped to
fit over panels. The over-all depth of covers is 6—1/4". This
is now the standarddepth, although earlier equipments employed
covers with 4-3/4" depth. The covers are made in various sizes
to suit the panels previously enumerated.

The standard method of mounting carrier equipment is to mount the
apparatus single sided with respect to panels and double sided
with respect to racks. In other words, all apparatus and wiring
on a panel should be accessible from the front, and it should
not be necessary to remove a panel from a2 rack in order to in-
spect the wiring or remove component parts.

1.3 The steel and ironwork is cleared of scale and blister in the
factory, and either treated with an antirust compound or else
cadmium plating to prevent rust. Racks, panels and covers are
finished in aluminium paint, using super grade aluminium powder
as a base for the paint. Alternatively, light battleship gray
enamel is used.

Controls used on the apparatus may be radial switch or continu-
ously variable potentiometer type, or, alternatively, slotted
screwdriver controls located under a panel cover.

Where possible, wiring is point to point, insulated and laid out
for easy identification. Where necessary, as in jack and key
panels, the wire is colour coded and made up in a properly
supported laced form. The wire gauge is not less than 23 S.W.G.
or its equivalent and the wire is flame proof. The insulation
resistance between any two points not electrically connected is
not less than 100 megohms when measured with a 250 volt megger.

All jacks, keys, lamps, cords, relays, etc., are usually
standard items.

1.4 Pictures of typical installation practice and equipment are
shown on pages 2 and 4.

/ Cable
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2. BUILDINGS AND LAYOQUTS.

2.1 Buildings for long line equipment may be divided into two main
groups -

(1) Buildings in which other equipment, that is, exchance
equipment, is also loceted.

(ii) Buildings erected specially for long line equipment.
These buildings are, in general, repeater stations,
where telephone density is low or, alternatively,
the site chosen is influenced by factors, such as
correct repeater spacing and proximity to trunk
route, and, therefore, is unsatisfactory for tele-
phone exchange purposes.

Long line equipment buildings, in general, conform to Departmental
requirements for equipment buildings, the type of construction
depending on the locality in which it is erected. In effect, the
building conforms to the standard of surrounding structures. 1In
all closely settled areas, brick or concrete structures are em-
ployed. In very remote areas, where building costs are excessive
due to long distances involved in transport of building materials,
a prefabricated building has been employed and, from experience
to date, appears very suitable for the particular conditions.

The prefabricated buildings use galvanised iron walls and roof-
ing over iron framework with internal timber and fibro cement
lining and concrete foundations and floors. Prefabricated build-
ings are reasonable in cost and very easy to erect, and are pre-
ferable, from a heat dissipation point of view, to an equivalent
brick or concrete structure.

The main requirements for a carrier equipment building are -

(a) Adequate space for 20-25 years' estimated development.
For preference, the building should be capable of
extension at a later date.

(v) Adequate ceiling clearance to suit 10'6" racks and
overhead runways.

(¢) Provision of suitable lighting - natursl if prac-
ticable - also good artificial lighting and
emergency lighting.

(d4) Good ventilation.
(e) Adequate power points.

(f) Double doors to the equipment and power rooms to
permit entrance and exit of heavy equipment. If the
building is a two or more storey structure, provision
of a cathead for lifting heavy equipment is required.

(g) Adequate staff accommodation. / o0
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2.2 Layouts. The layout of long line equipment differs widely in
various buildings, and is influenced, to a great extent, by space
available and whether it is to be installed in a building already
accommodating some other equipment.

The main points to be watched are -

(i) The I.D.F. should be located as close as possible to
the trunk test boards.

(ii) Miscellaneous apparatus requiring heavy cabling, such
as line filter groups, line transformers, composite
sets and voice frequency repeaters, should be as
close as possible to the I.D.F. (In small offices,
the I.D.F., T.T.B. and miscellaneous line equipment
are located in one row.)

(iii) Test equipment should be closely associated with
T.T.B's.

(iv) Broadcast programme equipment, if installed, should
be close to the T.T.B's.

(v) The main bulk of the carrier equipment can then be
located in succeeding rows and, as far as prac-
ticable, equipment of & similar nature should be
housed in the same row. It is generally desirable
to keep carrier telegraph equipment closer to the
T.T.B's. than carrier telephone systems, as they
require more frequent maintenance attention.

The standard spacing between carrier equipment rows is 4 feet be-
tween centres. The main aisle space should be not less than 4
feet. The auxiliary aisle can be 2'3" to 4 feet, depending on
the space available. (See Fig. 1.)

The equipment rows should not contain too many systems without
resort to a centre aisle, as double sided mounting of equipment
necessitates maintenance attention both sides of a rack, and such
attention is rendered difficult in long unbroken rows.

The tendency is for test equipment in long line stations to be
mounted on movable racks and brought up to systems as required.
The adoption of 4 feet spacing assists in this respect.

The power and battery rooms should be arranged so that the charge
and discharge leads from the battery to the power board are as
short as possible. Likewise, the power room should be close to
the equipment room to keep power leads to a minimum length.

In deciding the building space required, it is necessary to know
the type of equipment likely to be installed.

/ Fig. 1
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Early three-channel systems were grouped in pairs on five 10'6"
racks, the centre rack - battery supply bay - being common to
both systems. Later three-channel systems were accommodated on
two 10'6" racks and, more recently, on one 10'6" rack. Carrier
Telegraph systems require five 10'6" racks per first-in install-
ation and three 10'6" racks for second-in installations. More
recent nine-channel gystems require one 10'6" rack.

Figures for voice frequency repeaters, ringers, etc., have been
stated previously.

In deciding space requirements, care should be taken to make one
dimension a multiple of 4 feet to suit standard rack spacing.

A typical layout of a terminal station is shown in Fig. 1.

A diggram illustrating the interconnection of the various equip-
ment bays and the type of cable is shown in Fig. 2.

5. INSTALLATION TESTS CN A THREE-CHANNEL CARRIER SYSTEILL

5.1 When a three-channel carrier system has been installed, the follow-
ing tests must be made -

(i) Check all power supplies.
(1i) Insert all fuses.
(iii) Insert 2ll valves. (Allow*warm up time.)

(iv) Adjust filsment currents.

(v) Check anode currents.
(vi) Check alarm circuits.
(vii) Transmission Tests.

(a) Terminate hybrids and line in 600 ohms, cut variable
equalisers out of circuit.

(b) Check modulator oscillator frequencies (by making a
loss measurement of the modulator band filter using
modulator oscillator as test tone).

(¢) Check modulator and demodulator oscillator supplies to
modulators and demodulators. Adjust to correct value.

(d) Adjust carrier leak, that is, balance of modulators and
demodulators.

(e) Check gains and losses in transmit direction. Send
zero (1 milliwatt) at 800 ¢/s into Hyb. Line of each
chanmel in turn. The loss or gain at each test point
of the circuit should be within the limits stated in
the manufacturer's handbook. The usual Test Points
are -

Mod. In.

M. B.F's. Out.
Trans. Amp. In.
Trans. Amp. Out.
Dir. Filt. OQOut.

Line Filt. Out. / Fig. 2
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(f) Receiving Circuit. This test is facilitated if a high fre-
quency oscillator is available. By sending a level of zero
(1 milliwatt) into the receiving side at a frequency which,
when demodulated, will produce 800 c/s, the system may be
checked at the various points. (If possible, the demodulator
oscillators should be first synchronised with the modulator
oscillators at the distant terminal.) If the distant term-
inal is not available, the demodulator oscillator's air con-
densers should be set to their mid position. The transmit
side should be blocked out by inserting a 600 ohm plug at
Trans. Amp. In. If no high frequency oscillator is avail-
able, both modulator and demodulator of the channel under
test can be supplied from the demodulator oscillator. If
800 ¢/s is applied to Hyb. Line, the modulator will produce
two sidebands, one of which is correct for the receiving
circuit. (It is necessary to patch to replace the M.B.F.
with the associated D.B.F.) Send 1 milliwatt zero into Line
Filt. jacks. Check loss or gain at each psrt of the circuit
to be within limits stated by the manufacturer.

Usual Test Points -

Dir. Filt.

Fixed Equaliser.

Rec. Amp. In.

Rec. Amp. Out (with and without
variable equalisers).

Demod. Band Filter In.

Demod. Out.

Demod. Amp. Out.

(g) Over-all Line Up. Check that circuit is in good order.
A-B Direction. The A terminal adjusts the transmitting
levels on each channel in turn. The repeater nearest the
A terminal measures the output level on each channel in turn
(withéut variable line equalisers in circuit) and, from
results, determines the A to B variable line equaliser
settings and the A to B amplifier setting. The same proced-
ure is adopted at each repeater in turn and, finally, the
receiving levels of the B terminal are lined up. The proced-
ure is the same for the B to A direction. If the pilot
channel is equipped, it is necessary to make tests on this
before over-all line up. Immediately after line up, set
pilot levels and variable attenuators. When all levels are
adjusted, the following tests are made -

Synchronisation.
Measurement of quality in each direction
on each channel.

All measurements made must be properly recorded, so that the
future performance of the system can be compared against the
installation tests. This comparison serves as a reference

standard. / Synchronisation
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Synchronisation - Terminal Stations. The general procedure for
synchronisation is to send simultaneously upper and lower sidebands
of 800 ¢/s in one direction over the channel by patching out of
circuit the modulator band filter at the transmitting terminal

and the demodulator band filter at the receiving terminal, and to
listen via the monitoring circuit on the channel at the receiving
terminal to the demodulated sidebands. If there is amny difference
of frequency between the modulator and demodulator oscillators,

the two sidebands received will sudibly beat together. Vhen making
the test, the demodulator oscillator air condenser is adjusted
until the beats are slower than one period per second.

When one direction of a channel has been synchronised by trens-
mitting both sidebands, the band filters are reconnected into
circuit, thus allowing a single 800 c/s tone to be sent over the
channel in the direction already synchronised. The other direc-
tion of this channel is synchronised by looping this tone back to
the transmitting terminal, by patching at the receiving terminal
from the output at the receive side of the four-wire terminating
set to the input of the transmit side of the channel. The trans-
mitting terminal then listens via the monitoring circuit on the
channel on which tone is being sent, when both transmitted and
received tones are audible, and adjusts the demodulator oscillator
condenser until the beats are slower than one period per second.
It will be appreciated that any frequency difference in this case
between the transmitted and received tones is due only to lack of
synchronism in the receiving direction, since the other direction
has already been synchronised by the double sideband method. For
this reason, the double sideband method must be applied to one
direction of a channel before the tone is looped back for
gynchronising the reverse direction.

From a study of drawing Cl125 (at rear of Paper No.3, Long Line
Equipment II), it will be appreciated that, even if the band
filters are patched out, two sidebands cannot be sent on Channel
3 in the A to B direction of the SOT system if telegraph separat-
ing filters are equipped, or on channel 3 in the A to B direction
of the SOS system if 5,000 c/s cut-off line filters are used. It
will also be seen that two sidebands cannot be sent on Channel 2
in the B to A direction of the SOT system due to the directional
filters.

In order to avoid these difficulties and to cause the minimum
crosstalk interference into carrier or physical circuits operated
on other open wire pairs on the same route, it is recommended that
the channels be synchronised as follows -

Channel 2. Both sidebands A to B looped back B to A.
Channels 1 and 3. Both sidebands B to A looped back A to B.

/ 4.
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L. MAINTENANCE OF CARRTER TELEPHONE SYSTEMS.

L.4 General. To ensure that the transmission qusalities of chan-
nels provided by carrier telephone systems are maintained at
the desired standard, a schedule of tests is carried out at
various intervals. Details of these tests and their period-
icity are contained in Transmission Engineering Instruction,
Long Line Equipment T5310.

On systems which are not equipped with automatic pilot regula-
tion, it is necessary for the channels to be lined up daily
owing to changes which occur in "transmission equivalent" due
to weather variations. This consists of checking the trans-
mission levels at the terminal and repeater stations and ad-
Justing them to thelr original value as necessary. The
"transmission equivalent" of carrier channels is, as a general
rule, 0 db from hybrid line to hybrid line.

Daily Line-up. This involves both the terminal and repeater
stations, and it is necessary to employ a chamnel or chamnels
for communication purposes between them during the test. The
type of chamnel which is used for this purpose is governed by
local conditions and is arranged in conjunction with the
traffic section.

Having completed these preliminary arrangements, it is assumed
that the A~B direction of transmission is to be lined-up
first.

Line-up A~-B Direction. The A terminal sends a test signal of
frequency 800 cycles at the correct level at hybrid line on
the channel occupying the mid=frequencies of the A-B Frequency
Group (Channel 2). After checking the send level at Trans.
Amp. out, the test current is allowed to pass to line. The
repeater station adjacent to the A terminal checks the output
of the A-B repeater and adjusts to normal. Each repeater
station, in turn, follows the same procedure. At the B
terminal, the test current is measured at hybrid line on -
Chanmnel 2 with the demodulator gain control set at the centre
of its range. Any necessary adjustment is made by altering
the gain control on the Receive Amplifier.

The A terminal then transfers the test current to Channels 1

and 3 in turn, and the B terminal similarly checks and adjusts

the demodulator gain controls of each channel as necessary;

the repeater stations do not adjust for these channels.
/Line-up
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Line-up B-A Direction. A similar procedure is carried out for
the B-A direction with the exception that the mid-frequency
channel is Channel 1 for this direction.

A speaking test is made on each channel and, if satisfactory, the
system is restored to traffic. The settings of the controls at
the various stations are recorded as required. If the speaking
test is not satisfactory, the cause should be investigated, and
it might indicate that synchronising is necessary.

Location of Faults. It is difficult to prescribe any hard and
fast rules for the location of faults in carrier telephone
systems. Faults can, however, be divided into two main cate-
gories, namely, common equipment faults which affect all channels
in a system, such as a common transmitting or receiving amplifier
at a terminal or in the amplifiers at a repeater station, and
individual faults peculiar to one of the channels in a system,
such as oscillator, modulator, demodulator or demodulator ampli-
fier failure. The preliminary location of a fault can best be
diagnosed by a knowledge of the block schematic diagram of a
system. Having isolated the fault into a section ar sections,
the next step involves the use of testing instruments or test
facilities provided on the systems Filament and anode currents
are first checked and, if valves are satisfactory, alternating
current tests are made, checking for correct levels at the vari-
ous test jack points in the system. Experience leads to many
quick test methods which cannot be detailed, and a knowledge of
the circuit operation and layout disposition of the equipment on
the racks 1s essential if faults are to be cleared in a minimum
of time.

L.2 Battery Maintenance. The filament battery voltage should be
maintained at =24 volts + 2.4 volts.

The anode battery voltage should be maintained at +130 volts
-t 10 VOltSo

The telegraph battery voltages should be maintained within 10% of
their nominal value, and the difference between the positive and
the negative battery potentials should not exceed h.

L .3 Maintenance of V.F., Carrier Telegraph Systems.

Line-up Tests - Daily. The following tests should follow on the
regular daily lineeup tests of the circuit over which the carrier
telegraph system is being operated - /Relay
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Relay Neutrality Test. Reversals are sent on each channel and
the receive circuit adjusted for neutrality by varying the bias
current. The receive relay is changed where this adjustment does
not produce satisfactory reversals. Except in cases for which
special instructions have been issued, the speed of reversals is
25 bauds.

Relay Replacement. On systems employing P.R. 10 type relays, the
receive relay of each chamnel is replaced with one previously
adjusted in the relay test panel or relay test table.

Machine Generator Freguency Test. The speed of the machine
generator is checked with the stroboscopic disc and associated
test oscillator and adjusted to its correct value when necessary.

Weekly Tests. The following weekly tests are made

Filament and Plate Currents. The filament and plate currents of
all tubes are measured and recorded. Where plate current read-~
ings fall outside the limits specified for the equipment, and the
battery and grid bias voltages are correct, the tubes are changed.

Amplifier Detector Gain Adjustment. The gain of each amplifier
detector, with respect to its limiting point and the carrier input,
is adjusted to the correct value by varying the input potentiometer
as described in the relevant handbook.

Stroboscope Oscillator Frequency. The frequency of the test
oscillator associated with the machine generator is checked against
a test oscillator tuning fork and adjusted if necessary. TWhere a
tuning fork is not available, a standard test frequency is used.

Relay Replacement. With the exception of P.R. 10 type relays, the
receive relay of each channel is replaced with one previously ad~
Justed in the relay test panel or relay test table.

Other tests are made at periods as shown in Transmission Engineer-
ing Instruction, Telegraphs T 5000. These tests include -

/Monthly
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Monthly Tests =

(i) Channel Send Level.
(i1) Amplifier Detector Sensitivity.

(1ii) Automatic Volume Control Range Check.

Quarterly Tests -

(1) Send and Receive Amplifier Gain.
(11) Machine Frequency Generator Output Level.

(iii) Channel Oscillator Output Level.

Half=Yearly Tests -

(1) Static Modulator Discriminator.

Location of Faults. In operating telegraph circuits over a car-
rier telegraph system, the service may be interrupted by several
different kinds of faults.

Line, Send and Receive Amplifiers. Faults in the above portions
of the circuit are usually indicated by the abnormal behaviour of
the detected current on all channels of the carrier telegraph
system. The causes may be -

(1) Failure of battery supplies or incorrect voltages.
(1i) Intermittent or complete failure of bearer channel.

(1ii) Faults in the common send and receive amplifiers,
line equipment panel or main Jack field.

In the case of a fault affecting all channels at each terminal, a
check should be made to see if +tone at the correct level is being
received from the distant terminal. If tests show that correct
currents are being transmitted from each terminal, but there is no
received level or the level is incorrect, the circuit or line over
which the system is operating should be tested. /If
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If the fault is confined to one terminal, the battery supplies
may have failed or dropped to a low value, or a fault may have
developed in the common egquipment.

Alternating Current Circuit Faults on Terminal Apparatus of
Individual Channels. Faults, as above, are indicated by
abnormal behaviour of the received current in one or two
channels only.

If the detected current under marking conditions from the dis-
tant terminal falls to zero or a low value, the cause may be -

(i) Faulty anode circuit due to valve failures, high
resistance circuit or wiring faults.
(ii) Incorrect setting of an amplifier detector potentiometer.
(iii) Insufficient level being transmitted from the distant
terminal due to wiring fault, faulty key contacts,
static relay failure, send filter fault or oscillator
dri£t,
(iv) Wiring troubles in amplifier detector circuit.
(v) Faulty receive filter.
(vi) Individual battery supply leads faulty.

Spasmodic kicks, which show in the "Cbsvn. Receive" meter but

not in the "Detected Current' meter, indicate a faulty receive
relay. The receive relay should be replaced with a spare relay,
which should be in perfect adjustment, and the faulty relay
should be thoroughly checked for dirty contacts, adjustment, etc.

The faults which cause distortion and consequent poor operation
are discussed in the section on Interference.

The use of a telegraph distortion measuring set for measurement
of the over-all distortion from line to line compared sgainst
the figures recorded at time of installation is the most satis-
factory means of ensuring that the performance of the equipment
is satisfactory.

Faults in the various direct current circuits have to be traced
out in each individual case, but a knowledge of the circuits
should enable these tc be located quickly.

Interference Tests. Carrier telegraph channels are designed

for independent operation. If the current in one channel has
any effect on the operation of the other channels, the effect is
described as interference. When the system is operating normal-
ly, interference will be perceptible, but it will be of such low
value that it will not affect the telegraph transmission. If
the interference becomes abnormal, it will ceuse severe signal
distortion or will result in chattering and false operation of
the receiving relay in the channel concerned. / e e
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Interference consisting of an alternating current applied to the
amplifier detector, when no current is being sent from the assoc-
iated channel at the distant terminal, is termed "spacing inter-
ference." Interference which appears as a change in the alternat-
ing current applied to the amplifier detector, when current is being
sent from the associated channel at the distant terminal, is termed
"marking interference." In general, interference is caused by
intermodulation in common amplifiers and repeaters and in trans-
formers and loading coils. Severe crosstalk from other circuits
can also cause interference. The presence of excessive interfer-
ence usually indicates that the level is too high in some portion
of the circuit.

Spacing interference at a level of more than 26 db below the level
of the signal incoming to a channel will not produce objectionable
distortion. Similarly, marking interference, which causes a change
of less than 1 db in the strength of the received signal, will not
cause objectionable distortion.

Interference tests should be made whenever a carrier telegraph
system is applied to a new ¢ircuit, or whenever it is suspected
that the circuit levels previously in use have been altered.

Spacing Interference Test.

(i) The amplifier detector of the channel under test should pre-
viously be adjusted for correct operation in the midpoint of
the A.V.C. range.

(ii) At the distant terminal, operate "Send Mark" keys on all
channels except the one under test, which should be operated
to "Send Space."

(iii) Increase the input potentiometer on the amplifier detector to
maximum gain, and decrease the attenuation in the line pad
until a reading is obtained on the detected current meter.

(iv) Obtain a mark on the channel under test, reduce the input
potentiometer in the amplifier detector and increase the
attenuation in the line pad until the same reading is ob-
tained on the detected current meter. The difference in
values inserted under the above conditions gives the level
spacing interference expressed in db below the level of the
required signal. Spacing interference less than 20 db below
the required signal should not be tolerated.

Marking Interference Test.

(i) Obtain a mark from the distant terminal on all chanmels.
(ii) Set the rectified current on the channel under test to a
convenient value (say 3-4 milliamperes). Note the
potentiometer settings.
(iii) Obtain a space from the distant terminal on all channels
except the one under test.

/ (iv)
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(iv) Reset the rectified current to the same value obtained in
(ii). Note the new potentiometer setting. The differ-
ence between the potentiometer settings expresses the
marking interference in db.

Marking interference exceeding 1.5 db should not be tolerated.
If a sensitive alternating current meter is available, the above

interference tests can be made more readily by measuring the

level differences at the respective channel "Rec. Filter Out"
Jjacks.

5. MAINTENANCE OF TWO-WIRE VOICE FREQUENCY REPEATERS.

5.1 The purpose of this section is to give a technical description
of the more important tests, which are conducted at various
intervals upon the repeater equipment.

Gain Tests. At each station, a means of testing the gain of the
repeater is provided. This test may be understood by reference

to Fig. 3.
L R
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FIG. 3.

The gain set operates on the "substitution" principle. The
oscillator supplies 1,000 c/s tone to the circuit. The two sets
of key contacts, shown S and S;, form portion of a two-way key.
The operation of this key in one position places the oscillator
in direct connection with the receiver. The tone in the
receiver forms a standard of comparison.

The key is now operated to the second position, and places the
oscillator tone through the variable attenuator or loss L to
the input of the repeater R. The repeater amplifies the tone

/ which
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which reaches the receiver. The loss L is adjusted until the
tone heard in the receiver with the key S in either position is
the same value. It follows that the loss introduced by L is
then equal to the gain due to the repeater, and the value shown
in L is the gain of the repeater. The loss L is arranged to give
a direct dial reading.

In present day repeater equipment, the receiver is replaced by a
Transmission Measuring Set giving a direct reading in db. The
circuit on the repeater unit is suitably wired through jacks
allowing the necessary patches to be put up when required.

Balance Test. It has been previously stated that the operation
of a two-way repeater is dependent upon the arrangement of a
balance network to match the line on either side of the re-
peater.

The accuracy with which this network matches the line influences
the gain available from the repeater and also affects the fre-
quency band or quality of the repeater. The effect of an un-
balance between the network and the line of a repeater gives
rise to "singing" or sustained oscillation around the repeater
circuit. This effect can be observed as a continuous tone in
the monitoring head-set. If a balance network could be designed
as an ideal match for a line at all frequencies, the gain which
could be used in the repeater would be infinite, assuming that
the hybrid coil or three-way transformer was, itself, perfectly
balanced.

However, this condition does not exist in practice, and the gain
which can be utilised in a repeater is limited by the tendency
of the repeater to sing. The singing point is an expression
for the lowest gain in the circuit at which a repeater will
sing. The maximum gain which can be utilised before "singing"
commences 1is taken as a measure of the degree of balance between
the network and the line.

The following simple test has been developed for determining the
balancing conditions of a two-wire repeatered circuit. This
test, although not giving such accurate results as may be ob-
tained with other methods, such as the Impedance Unbalance Meas-
uring Set, has the advantage that measurements may be made
rapidly and that only standard two-wire repeaters are necessary.

/ Referring
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Referring to Fig. 4, one hybrid coil A may be readily converted
into a repeating coil by short-circuiting the line terminals and
opening the network terminals.

==

>

BATANCE TEST.

FIG. 4.

Alternately, the line terminals may be open-circuited and the
network terminals short-circuited. These two methods of con-
version are referred to arbitrarily as "Positive Poling" and
"Negative Poling" respectively. The current transmitted through
the hybrid coil with "Positive Poling" is in approximate phase
opposition to that transmitted with "Negative Poling." (When
making a test, both methods should be tried, a2s usually it is
found that one phase relationship is more favourable to singing
than the other.)

The balance of the second hybrid coil B is tested by increasing
the gain in the amplifiers until "singing" is heard in the re-
ceiver. This singing occurs when the gain in the amplifiers

is sufficient to equal or overcome the loss in coil B, due to
the unbalance between the line and its network. The greater
the unbalance between the line and the network, the smaller is
the loss in the coil and the more easily can singing occur.

The short-circuit and open-circuit are now changed over to the
opposite end of the hybrid coil A. The reason for this change
can be explained as follows -

When the unbalance current, having travelled around the circuit,
returns to the input of the hybrid, it may or may not be in
phase with the original current at this point. If the return
current is directly in phase, the singing point is lower than
when the current is out of phase, that is, the circuit has a
greater tendency to sing. Two readings are, therefore, taken
to discover the condition which brings the currents more nearly
in phase. / The
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The phase difference or rotation is brought about by the filters,
transformers, vacuum tubes and nature of the unbalance between
the 1ine and network. Should it happen that, owing to line
troubles, the standard of balance between the line and network
is lowered and the repeater gain is not reduced by a correspond-
ing amount, the gain given by the repeater at different frequen-
cies will depart from normal values, giving rise to distortion.

This effect is illustrated by Fig. 5, which indicates the advant-
age of reducing the gain when an out of balance exists between
the line and the network.
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FREQUENCIES

GRAPHS SHOWING ADVANTAGE OF REDUCING
GAIN WHEN OUT OF BALANCE EXISTS.

FIG. 5.

5.2 Maintenance. General. In order to make daily maintenance tests
on repeaters, it is necessary to remove from service the circuits
on which they operate. To reduce "lost circuit" time during
daily tests, a procedure has been prepared which provides for
co-operation between testing stations. A definite time is set
aside for the periodical tests, to be made, if possible, when
telephone traffic is light. All repeater stations and both
terminal stations co-ordinate the work under the direction of
the control station. The success of this system is dependent
upon each station doing its part of the work correctly, punc-
tually and within a specified time allowed for the tests.

For proper maintenance of telephone repeaters, it is necessary
that a series of routine tests should be regularly carried out
on the repeating equipment, as well as on the through circuit.
The tests are divided into five groups, namely -

Daily, Weekly, Monthly, Quarterly and Yearly Tests.

These tests, listed below in order of performance, apply to the
repeater equipment as well as the through circuit. The daily
tests are described in paragraph 5.3 of this Paper.

/ Daily
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Dailz Tests.

(i) Repeater gain test to determine the amplification of the
repeater (in db) on normal working stops.

(ii) Transmission equivalent test to determine the over-all
transmission equivalent of the circuit.

(ii1) Talking test made under normal talking conditions with
two telephone sets to observe the voice quality and
presence of crosstalk or noise on the circuit.

(iv) Signalling test made by signalling over the through
circuit under normal conditions to ensure that the
terminal ringing equipment is working satisfactorily
and, in the case of 135 c/s ringing, to test the
relay equipment at the repeater.

(v) Over-all Circuit Balance Test. A rapid means of checking
up the balance conditions of the lines associated with
each two-wire repeater without disconnecting lines or
networks.

Weekly Tests.

(i) Test of fuse alarm.
(ii) Test of repeater alarms (filament fail alarm).

Monthly Tests.

(i) Vacuum Tube Rejection Test. Conducted to ascertain
whether the emission of the tube is satisfactory.

(ii) Balance Test on Repeaters. Conducted to determine the
degree of balance in the repeater unit.

Quarterly Tests.

(i) Circuit Test. A more complete form of the balance test
described in Daily Tests (v). The test shall be made
in period of light traffic.

Yearly Tests.

(i) Gain versus Potentiometer Stops. The gain shall be meas-
ured on each stop of both potentiometers of the repeater.
(ii) Gain versus Frequency. The gain through the repeater
shall be measured over the frequency range.
(iii) Mechanical inspection of wiring forms and equipment.

5.3 Daily Tests on Repeaters. Details of the daily tests are as
follows -

Roll Call - Daily Line-up. The Testing Officer at the Control
Station "calls the Roll" at a fixed time each morming. This time
is dependent upon the early traffic over the particular circuit.
All stations answer the "roll call," commencing with the first
station and proceeding through to the distant terminal, giving the
name of station, temperature and weather conditions.

The Testing Officer at the Control Station arranges, prior t7 ro%%
ca
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call, for the circuit to be cut out of traffic for the period re-
quired for the testing purposes.

Prior to roll call, the technicians at the repeater stations check
the A and B battery voltages on the repeaters and adjust the fila-
ment currents to their correct values. The Control Station Testing
Officer advises the repeater attendants to proceed with the first
test, that is, the repeater amplification or gain test.

Gain Tests. This test has already been described.

Transmission Equivalent. The transmission equivalent between term-
inals is measured daily in both directions with a Transmission
Measuring Set and adjusted to the value prescribed. In cases where
the repeated line forms a link between carrier channels or is

joined to a carrier channel, the equivalent over the voice frequency
line is measured, apart from the carrier channel, prior to an over-
all equivalent being measured.

Talking Tests. A talking test is carried out over the repeated

line from standard telephones at each terminal. The circuits are
observed for quality of speech, crosstalk from neighbouring circuits
and noise.

Signalling. Signals are exchanged from the operating position
at each terminal to test the operation of the ringing equipment.

Over-all Balance Test. In order to check the balance conditions of
the lines associated with each two-wire repeater in traffic,

without disconnecting either of the lines or networks from the re-
peater, an observation of the point at which the repeater sings when
its gains are increased is made, all other conditions in circuit re-
maining normal, including the gain of other repeaters, if any, in
tandem on either side of the station.

The results are compared with those obtained on previous occasions
under similar conditions to ascertain whether any serious trouble
has developed. It is not essential that the ends of the circuit be
properly terminated for this test, that is, the test can be made in
the interval between the two successive conversations, under which
conditions the ends of the line will be terminated with the receiv-
ing signalling apparatus.

In this manner, the service need not be interrupted, patching is
not required and co-operation from other stations is not necessary.

6. TEST QUESTIONS.

1. What tests are made on a three-channel carrier system following
installation?

2. What is meant by "daily line-up" tests as applied to carrier systems?
3. What tests are made daily on repeaters?

4. Describe the Transmission Tests made on a three-channel carrier
system after installation.

END OF PAPER.
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TRUNK LINE TEST ING.

CONTENT S:
1. TEST BOARDS.
2. TRUNK LINE TESTING.

5. TEST QUESTIONS.

1. TEST BOARDS.

1.1 Trunk Test Boards. Trunk Test Boards are essential in maintaining
high grade trunk line service. The facilities for trunk testing
have undergone many changes in recent years, but certain prin-
ciples and methods confirmed by long experience provide a basic
technique which applies despite the wide variety of test equipment
now in existence.

Two general types of testing are performed on trunk test boards.
The first type of test verifies that a fault exists on a circuit
and determines its general nature and approximate location. The
second type of test locates the position of the fault with pre-

cise measuring apparatus, if the fault exists on the line rather
than in the office equipment.

Another function of the trunk test boards, which is a necessary
corollary of the presence of faults, consists of rearranging the
lines and office equipment so that channels are made available
to take the place of those temporarily out of service whilst
faulty. In addition, any temporary regrouping of circuits re-
gquired from time to time because of special circumstences can be
readily taken care of.

The composition of 2 typical interstate trunk line is shown in
Fig. 1. The crosses "X" indicate break jacks (3630 type), also,
for simplicity, one line is shown instead of two per pair.
Referring to Fig. 1, it will be seen that this line carries

the following circuits -
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TYPICAL CONNECTIONS OF INTERSTATE TRUNK LINE.

XX denotes Jjacks similar to those shown for T.T.3.

thus LY_VIi , but designated according to
their relative position in the circuit.

NOTE: V.F. repeater networks not shown in this diagram.

FIG. 1.
(i) One voice frequency physical circuit,
(ii) One voice frequency phantom circuit,
(iii) Three telephone carrier channels,
(iv) One programme carrier channel, and
(v) Two composite telegraph channels.

It will be appreciated that any line carrying such a large
number of circuits (particularly if between Capital centres)
plays an important part in the handling of traffic, and con-
stant care during testing is necessary to avoid circuit inter-
ruption. If a faults develops, prompt arrangements must be
made for a "patch" in the faulty section, either by utilising a
spare patch line, if available, or some other working line which
is not carrying traffic of the same volume or importan;e.

In
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In view of the large amount of equipment involved, it is desir-
able to make a line patch on the T.T.B. If a phantom group is
involved and another complete group is available, it is generally
most satisfactory to patch in the complete group. Fig. 2 shows
typical line patch arrangements.

It is assumed that a line fauwlt has developed on line B, which
may be an important interstate or intrastate trunk line carrying
a number of derived channels. It may be seen that, provided
similar line patches are inserted at each end of the faulty line
section, all the derived channels on lines A and B, plus the
phantom E, will be restored to the normal condition. Actually,
new wires are substituted in this "patch" for the faulty lines A
and B.

In some instances where it is only necessary to restore the
superimposed carrier systems a high pass patch may be utilised
providing the necessary line filters are in situ. This merely
transfers the high frequency channels from one bearer circuit to
another as shown in Fig. 3.

1.2 Typical Features of Trunk Test Boards. Trunk test boards provide
for testing and patching facilities on the following types of
circuit -

(1) Physical lines,
(ii) Phantom circuits,
(iii) Composite telegraph or dialling circuits,
(iv) Carrier telephone systems,
(v) Carrier telegraph systems, and
(vi) Four-wire circuits connected clear of hybrid coils.

1.3 Parts of Trunk Test Boards. The parts of typical trunk test
boards are -

(1) Voltmeter position.
(ii) Wheatstone Bridge position.
(iii) Combined voltmeter and bridge position.

(iv) Writing shelf position.

/ Pig. 2.
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FIG. 3.
(Continued from page 3. ) -

(v) Jack Field. A full jack field comprises -

36 - 10 jack circuits.
36 - 6 jack circuits.
29 - 2 jack circuits.

7T - 2 jack circuits provided with
signalling facilities.

Designation of Jacks.

6 jack circuits - Listen, Line, Drop.
10 jack circuits - Listen, Line, Line Equip-
ment, Drop Equipment,
Drop.

/ Trunk
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(vi) Cord Circuits. The cord circuits provided for each type
of Trunk Test Board are -

Cord Circuit. No. per Board. Type of Board.
Connecting Cord. 1 All types.
Four-wire Monitor and

Speak Circuit. 1 All types.
Telephone Trunk Test Voltmeter, Bridge

Cord. 2 and Combined types.
Telegraph Test Cord. 2 Voltmeter, Bridge

and Combined types.

In addition, double ended patching cords fitted with twin
plugs are provided with each board.

(vii) Exchange Line Circuits. Calling lamps and jacks are pro-
vided for 10 and wired for 7 exchange line circuits.
These circuits are suitable for calling in or out on any
type of telephone exchange or trunk circuit.

(viii) Talking and Monitoring Facilities. All types of trunk
test boards are equipped with an operator's telephone cir-
cuit. This circuit is equipped with facilities for ring-
ing exchange or line with frequencies of 1,000 c/s, 135
c/s and 17 c/s. In addition, dialling facilities are pro-
vided on the exchange connecting cord circuit.

(ix) Operator's Set. An operator's set is associated with the
key circuits, and it is possible to transfer the circuit
via keys to the test cord circuit. The circuit includes
a calling dial connected via keys.

A geparate cord circuit is provided to enable the opera-
tor to monitor and speak both ways on any four-wire
circuit (mod. to demod. or tail chasing connection). The
circuit is jack ended and arranged so that the operator's
handset can be transferred to it by means of keys. The
input impedance of the circuit must be high to avoid any
appreciable loss on a trunk circuit when.it is bridged
across such circuit.

(x) Valve Monitoring Circuit. This circuit is supplied on all
Voltmeter, Bridge and Combined boards, and consists of a
high input impedance amplifier so that bridging losses

/ are
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are negligible. The amplifier has a three-stage gain con-
trol calibrated to provide output levels of zero, + db and
+10 db with respect to normal received input.

1.4 Testing Equipment. The testing equipment section is usually
provided with a writing position and a voltmeter and bridge
position.

A centre zero type voltmeter is provided. The voltmeter has
two scales, namely, 150 - O - 150 volts and 5 - 0 - 3 volts.
The meter is dead beat with an evenly divided scale. An ex-
ternal zero adjustment is provided.

The test keys associated with the test cord circuits permit the
following tests -

Test for open circuit.

Test for short circuit.
Test for earth.

Test for foreign potential.
Conductor resistance.
Milliampere readings.

A Wheatstone Bridge and galvanometer are provided. The bridge
is compact and the bridge arms are arranged to provide values
of 1 to 10,110 ohms in 1 ohm steps. Ratio arms enable ratios
of 10-3, 10-2, 10-1, 1, 101, 102 and 103 to be obtained. The
accuracy of all resistances is better than ¥ 1 per cent. The
galvanometer is a moving coil, reflecting or shadow pointer
type, with a horizontal scale.

By operating the associated keys, the following tests are
possible -

Loop resistance measurements.

Single wire resistance measurements.
Insulation resistance measurements.
Varley loop measurements.

Murray loop measurements.

Open location measurements.

Figs. 4a and b are included to give some idea of the testing
facilities provided on trunk test boards. Fig. 4a is the test-
ing circuit of the combined voltmeter and Wheatstone Bridge
position on a Siemens trunk test board, whilst Fig. 4b shows
simplified circuits of the various voltmeter testing conditions
brought about by operating the various keys. The Bridge tests
are dealt with in Section 2 of this Paper.

/ Fig. 4a.
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TAPER NO. 2. LONG LINE EQUIFPMENT III.

PAGE 10.

TEST PLUGS
O A

All keys normel.

For speaking and listen-
ing on Test Cords.

O B

OA  "est™ key operated.

Disconnects Operator's
Circuit preparatory

oB to testing.
. i ||L O A
500%™ 150V "Test" and "Voltmeter"
- keys operated.
100,000™ For High Resistance Tests.
OB
-O A
"Test," "Voltmeter" and
"Shunt" keys operated.
100,000 For Low Resistance Tests.
OB
] |= O A
_ "Voltmeter," "Short" and
150v "Test" keys operated.
100,0
+ Reads battery voltage.
—O B
oA 'Test," "Voltmeter" and
"Batt. Cut-off" keys
- operated.
100,000™ Reads battery across line.
+ Use "Reverse" key also

when necessary.

O B

FIG. 4b, SCHEEMATIC CIRCUITS OF VOLTMETER TESTS.
(For Bridge Tests, see Section 2.)
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150v

O»

"Test,” "Voltmeter" and "Test A
Line"keys operated.

Tests for earth on A Line.

100000"
g With "Batt. Reverse" key also
Is e operated, equal and opposite
reading obtained.
150v A
YP, "Test," "Voltmeter" and "Test 3
500 Line" keys operated.
a ~ Tests for earth on 3B Line.
100000
4 B With "Batt. Reverse" key also
'®) operated, equal and opposite
reading obtained.
100000™

+
<
I
O»

"Test," "Voltmeter," "Test A Line"
and "Batt. Cut-off" keys
operated.

L

Tests for earthed battery on A Line.

O>

__||.

"Test," "Voltmeter,”" "Test B Line"
and "Batt. Cut-off" keys operated.

-t

100000

Tests for earthed battery on B Line.

FIG. 4b (Continued). SCHEMATIC CIRCUITS OF VOLTMETER TESTS.
(For Bridge Tests, see Section 2.)
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2. TRUNK LINE TESTING.

2.1 When a trunk line is reported "out of order," the traffic staff
prepare a fault docket. This is forwarded to the engineer-
ing staff and, in a large centre, the trunk line master card is
attached to the fault docket and passed to the testing officer.
The testing officer then proceeds to test the line, first making
any preliminary patching arrangements which may be required
because of the importance of the line.

If the trunk line is equipped with carrier systems, the derived
channels are usually reported out of order at the same time by
the traffic staff, a docket being prepared for each speech
chamnel affected.

2.2 Trunk line faults may be broadly classified as follows -

(1) Contact between the two wires of a pair - usually termed
a "short circuit."

(ii) Contact between a wire of one pair and another circuit -
usually termed a "cross."

(iii) Contact between one wire of a pair and an earthed cir-
cuit or object - usually termed an "earth".

(iv) A high resistance contact or leakage to another conduc-
tor or earth and termed L.I.R. (low insulation resist-
ance) between the pair, or to another circuit or earth
as the case may be.

(v) An open circuit of one or both wires of a pair without
contact with other pairs or earth - termed an "open
circuit."

(vi) Noisy circuit - due usually to one or more of the pre-
vious faults.

Before an attempt is made to determine the location of a fault,
reference is made to the trunk line master card, whereon is
recorded the equipment in circuit, the gauge and type of wire,
particulars of entrance and intermediate cables and other
details relevant to the testing of the circuit.

If shunt or series equipment exists on the line, such as in
intermediate offices, it is first necessary to clear the line
by either opening the leg (if it is a leg station) or patching
out the intermediate office if the line is looped in, as for
example in divided working.

With regard to the line, it is generally sufficient to know the
approximate resistance of the various sections, as the actual
resistance values vary throughout the year due to temperature
changes. It is not practicable to make complete corrections

/ for
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for temperature variations when making fault location tests, as
the temperature may vary considerably over the length of the
trunk route.

For practical purposes, the following values for loop mile
resistance of the various gauges for wire are generally used -

600 1b. Copper iz w ata s 3 ohms per loop mile.
300 1b. Copper - 500 6 ohms per loop mile.
200 1b. Copper soc e S ohms per loop mile.
100 1b. Copper Boks sl 18 ohms per loop mile.
100 1b. Bronze 860 S0 40 ohms per loop mile.
70 1b. Bronze 800 51 58 ohms per loop mile.
70 1b. Cadmium Copper 500 30 ohms per loop mile.
400 1b. Galvanised Iron ... 27 ohms per loop mile.
200 1b. Galvanised Iron 500 54 ohms per loop mile.
100 1b. Galvanised Iron 5o 108 ohms per loop mile.
40 1b. Trunk Type Cable ... 44 ohms per loop mile.

20 1b. Trunk Type Cable ... 88 ohms per loop mile.

It will be appreciated that preliminary location tests will be
an approximation, and that the longer the section of line test-
ed the greater will be the error. When dealing with faults on
long circuits, a check test is made with the fault lineman in
the vicinity of the advised location, and this enables the
degree of error to be reduced and usually provides an accurate
location.

Either the Varley or the Murray Loop Test may be used for fault
location. The Varley Test is the most simple to apply and is
the more convenient method, particularly if an elaborate
switching arrangement is not a feature of the test set.

2.3 The Wheatstone Bridge. Before detailing Varley Loop methods,
the well-known Wheatstone Bridge principle is restated. Referr-
ing to Fig. 5, if the resistance A is equal to resistance B,
there will be no potential difference between points P Q, pro-
viding that resistarce R is equal to resistance X.

A X

Thus —B- =] -R—
AR
.. X = 5

and as 4 = B

WHEATSTONE BRIDGE. then X = R.

FIG. 5. / o
o e
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The two rules to remember are, therefore -

For equal ratio arms X = K
For unequal ratio arms X = %?-

The Wheatstone Bridge can be used to measure the resistance of
a a single wire by the "Three

Wire Method." The connec-

tions are made as shown in

b Fig. 6. Three readings are
C taken with two wires looped

in each case. The readings
are the loop resistance of
a+b, a+cand b+ c.

|
|=’ As each of these wires has
MEASURING THE RESISTANCE OF been measured twice, then one
A SINGLE WIRE. half of the sum of the three

loop resistances equals the
sum of the resistance of
the three wires. Thus -

FIG. 6.

(2 +b) + (a+c)+ (b+c) 2a+2b+2c
2 - 2

2a + 2b + 2c¢

. 5 =a+b+c¢c =X

Then 2 = X - (b + ¢), that is, a+b+c ~b ~-c =a
b =X -~ (a + c)
andc = X - (a + b)

2.4 Varley Test for Earth Fault. To locate an earth fault on a line
by this method, first determine between which offices the fault
exists and which is the faulty wire. This test can be made with
a voltmeter and battery.

The station immediately beyond the fault should be asked to

loop the line by patching at the T.T.B. or section switches.
(The location test could be made by looping at the distant term-
inal, but, as previously mentioned, the initial error is reduced
by keeping the section under test as short as possible.)

When the line has been looped, the test circuit should be
arranged as shown in Fig. 7. If a V%heatstone Bridge is not
available, resistance boxes can be wired to serve the same pur-
pose. A and B are the ratio arms of the bridge, R is the vari-
able arm, G is a sensitive galvanometer, Kl and K2 are keys for
closing the galvanometer and battery circuits respectively, and
S is a change-over switch to disconnect one side of the battery

from line and connect it to earth when required. /
The
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The line is connected, as shown in Fig. 7, with the faulty side
e L wired to the R arm of the

bridge and switch S in posi-

A tion 1. K2 and K1 are
K1 closed in that order. R is
adjusted until the closing

B

fe—x—=i_ of the keys results in no
R deflection of the galvan-
ometer needle, when the re-

2 sistance R in the variable
l——|l-<{:—«§)

.if arm of the bridge will bte

= equal to the resistance L

of the line, provided that

VARLEY LOCP TEST ¥FOR EARTH FAULT. the resistance of ratio arms
i g g
FIG. 7. A and B is equal.

Referring to Fig. 7, BL = AR
‘. as A =3
then L = R.

(K2 should always be closed before Kl, so that the line will be
charged before the galvancmeter circuit is closed. Similariy,
K1 should be released before K2.)

When the loop resistance L is determined, the switch S is moved
to position 2 and R is varied until a second balance is obtained.

The condition then is B(L - X) = A(R + X)
BL - AR
and X =353

But the ratio arms A and B are equal -

L -R
2

and thus X =

(The resistance of the fault forms part of the battery circuit
and, therefore, does not affect the location test, provided that
the resistance is low compared with the normal I.R. of the
line.)

Having obtained a resistance value for X, which is the resist-
ance of the faulty wire from the testing office to the fault,
the distance to the fault can then be computed from the line
data recorded on the trunk line master card.

Basic Varley Formula. The formula X = E_%;E is the basic

Varley formula for equal ratio arms, and can be applied to a
circuit even though the two wires of a2 pair are of unequal
resistance.

Where it can be safely assumed that the two wires of a pair are
of equal resistance, a simplification is possible and the
formila reduces to - /X
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X=1L-R.

In order to obtain the distance to the fault in this case, it is
necessary to divide the loop resistance to the fault by the

loop resistance per mile of the wire gauge concerned.

In the former case, where X = L ; R, it is necessary to divide
the single wire resistance to the fault by the single wire
resistance per mile of the wire gauge concerned.

Distance of Fault from Far End. It is often desirable to deter-
mine the distance of a fault from the far end of a looped line,
particularly when the fault is nearer that end. If, as is
usually the case, both wires of the pair under test are of
similar gauge, it is possible to determine this distance from
the results of the Varley Loop test already made -

L - R

J.2X=L - R

=]
It

L - 2X

Referring to Fig. 7, it will be seen that, if 2X is deducted
from the loop resistance L, then R equals the resistance of 21l
the wire remaining in circuit between the fault and the far end.
In other words, 2X represents the loop resistance of the faulty
pair between the testing station and the fault, whilst R equels
the loop resistance-between the fault and the far end.

This simplification provides a ready means of carrying out a
check test with 2 lineman. Assume the line has been examined
in the vicinity of the
= location without locating
LikeMAN's The fault. The testing
Loop officer requests the
o as lineman to loop the
faulty line, the condi-
tion then being as shown
in Fig. 8.

With the switch S in No. 2

position, R is adjusted

to obtain a balance. If

VARLEY LOOP TEST FOR LOCATING DISTANCE the lineman's loop is

OF FAULT FROM DISTANT STATION. beyond the fault, the

FIG. 8. resistance R will ig—
—_— dicate the loop resist-

ance of the section of line between the lineman's loop a2nd the

fault looking towards the testing station. / If
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If a balance is obtained with R = O, then the line has been
looped between the testing station and the fault for, in this
a case, referring to Fig. 9,
s it will be seen that -

— LiNEMAN'S Ba = AR + B)

b _l_ and, if A = B
B - this reduces to -

a=R+12D

I“Il_ﬁ_ but a and b are also equal,
so that -

CHECK TESTING WITH A LINEMAN. R =0.

FIG. S.

Note. This result only
holds when both sides of the
line have equal resistance
per mile, and quite a small resistance unbalance will affect it.

In any case, when making a location test to the lineman's loop,
it is possibly more desirable to check the loop resistance and
compare it with the original Varley result -

_L-R

x 2

where X equals the resistance to the fault.

2.5 Short-Circuit Tests. The usual test for a short-circuit fault
is made by measuring the resistance of the circuit through the
fault and calculating the distance represented by the resis-
tance obtained from the details on the trunk line master card.

s/c Generally, this method

g is reasonably accurate,
A but it includes the re-
sistance of the fault.

;lr In some instances, the
B R - resistance of the fault
may be considerable,
1 and it is preferable to
'-'{ make a Varley test by
2 earthing one side of the
- line beyond the fault as
TESTING FOR A SHORT CIRCUIT. shown in Fig. 10.

FIG. 10. The loop through the
fault is measured and a
second reading made with switch 8 in position 2. If R = O,
then L = the locp resistance to the fault.

/ If
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H

If there is any resistance in the R arm when the second balance
is obtained, it will indicate the resistance of the fault itself
if the line is balanced. An unbalanced line will result in

either some resistance in R at balance or else inability to
obtain a balance, even though there may be no measurable resis-
tance in the fault itself. The degree of unbalance is usually
small, and an R reading of 2 or 3 ohms may be neglected when
making a short-circuit test, except in the case of 400 or 600
1b. copper circuits. If the R reading is appreciable, it should
be deducted from the locp resistance before calculating the dis-
tance to the fault.

Cross. To locate a "cross" fault, it is first necessary to
determine the lines in contact. One circuit should then be
looped at a station beyond

the fault, and the faulty
LOOP wire of the other circuit
earthed either at the dis-
tant station or at the
testing station. See Fig.
CROSS 11. The conditions are
1 then equivalent to an

earth fault, and the same
2 Varley tests can be made
to determine the distance

TESTING FOR A "CROSS'FROM ONE WIRE CF A to the fault.

PAIR TO ONE WIRE OF ANOTHER PAIR.

FIG. 11.

2.6 Low Insulation Resistance. The previous tests apply where the

fault resistance is very low compared with the Insulation Resis-
tance of the line. If the
fault resistance approaches
the insulation resistance
of the line, the location
tests will not be accurate.

Referring to Fig. 12, the
normal distributed insula-
tion resistance of each

wire may be regarded as a
high resistance contact to
= earth located at the mid-
LOW INSULATION TESTING. point of the line as rep-

FIG. 12. resented by N.

If a fault to earth develops
and the resistance of the fault is low, the effect of the normal
insulation resistance of the line will not affect the accuracy
of the location test. If, however, the fault resistance is
appreciable in relation to the insulation resistance, the

/ normal
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L - R
2
the ectual point of contact and the centre of the line, and the

higher the fault resistance the greater will be the error.

normal test, X = , will Indicate that the fault is between

For the condition shown in Fig. 12 and with equal ratio arms,
when a balance is obtained -

a+b-R _ F (b - a

2 N 2
If both wires a and b are of equal resistance, themn a + b =1L,
and the equation may be simplified to -

L~-R F
= —_R
% 2 N

X = + R)

where % is the ratio of the fault resistance to the normal in-

sulation resistance of the circuit.

In practice, the ratio % is not known, and it may be eliminated

from the calculations by meking a test from each end of the
line and combining the results. This is sometimes referred to
as a double Varley Test.

If a = Resistance of good wire,

b = Resistance of faulty wire,
R = Balancing resistance at Main station,
Rl = Balancing resistance at Distant station, and
X = Resistance to the fault of the faulty wire
from the main station,
o (R+Rl)
_atb-R - 2 b -a
then X = 2 T o R R T + R)
and as a = band a + b = L then -
L _ (R + Rl)
x . L-R_2 2 R
2 R + R1
which may be reduced to -
L Rl
X:’Q’(R+Rl)
To take an example, let L = 600 ohms,
. R = 300 ohms, and
Rl = 200 ohms,
L R1
then X = 5 (=g
200

300 % 566—= 120 ohms. / If
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If the test had not been made from both ends and the correction
I -

2
give X = 150 ohms, which would have introduced an error of 25
per cent. for the case concerned.

R
formula neglected, the normal Varley test, X = , would

2.7 Murray Loop Tests. The bridge connections for locating an earth
fault by the Murray method are shown in Fig. 13.

fe — L The loop resistance must first
[X-—f be determined, then the bridge
= connections altered to the
Murray arrangement as shown,
with the A ratio arm plugged out
0 and the B arm set at 100 or
1,000 ohms for convenience of
calculation. The faulty wire is
connected to the A arm terminal,
:IL and, when a balance is obtained-

RX = B(L - X)

MURRAY TEST, LOCATING AN EARTH.

or RX + BX BL
FIG. 13. . BL

——— X =

c R + 3B

The value of X is the single wire resistance of the faulty wire
from the testing station to the fault.

The Varley and Murray tests are complementary in their func-
tions, the Variey test being the most suitable for location
tests on open wire lines and long lengths of cable. The com-
paratively high resistance value of the loop L allows a similar
fairly high resistance value for R, in order to obtain the diff-
erence (L - R) which is a measure of the resistance to the fault.
As these measurements and their difference are all comparatively
large, small inaccuracies in measurement will not seriously
affect the value of X.

The Murray test is particularly useful for making final loca-
tions in short lengths of cable, as, for example, after a Varley
test has determined that the fault lies between two adjacent
man-holes. Small errors in measurement cannot then be tolerated,
and the condition of balance in the Murray test does not in-
volve any differences and, consequently, any measurement in-
accuracies remain in their correct proportion.

2.8 Open Locations. Measurement of Capacity of Condensers, etc., by
an A.C. bridge, S.T.C. Type. Refer to Fig. 14.

/ Reactance
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. 1
Reactance of condenser ¥ = —
jwy
1
Reactance of condenser C = —
JwC
Condition of balance = C;L— =RC#L—)
JwC JwY
a R
that is, W T

PHASE
SRIFT
KEY

J and w are common to both sides of the equation as the fre-
quency is the same. Therefore, the equation becomes -

A_R
(65 Y
Therefore, Y = %g
X 11 CYCLES If A = 1,000 ohms
LY b and C = 1 UF
R
MEASURING CAPACITY. Y = iTGEG-MF.
FIG. 14.
Note. 1r serves to balance out any resistance component in con-

denser Y and cancels out, as it would appear on both sides of
the egquation.

This formula, ¥ , 1s made use of in the open location

.
~ 1,000
test. In this test, two capacities are measured, Y and Yl,
where reactances correspond to readings R and Rl on bridge.

R = Reading on the R rhecstat when the faulty wire is
connected to the bridge.
Rl = Reading on the R rheostat when the good wire connected

to the bridge.

The capacity reactance of the faulty wire will be a2 proportion
of the capacity reactance of the good wire, therefore -

R

Y _1,000_ _R 1,000 R

YT~ R " T,000 ®
1,000

/ If
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If D equals distance between Testing Stations, then -

RD
L-x

2.9 Open Location Test. In Fig. 15R is approximately proportional

PHASE
SHIFT
KEY

to capacity of wire under test to earth. 1 serves to balance
out the resistance component of the line and, therefore, does
not enter into calculations. Distance to the fault is given by -

RD
YR
Where X = Distance from the testing station to the fault,
D = Distance between the two testing stations,

R = Reading of the R rheostat when the faulty wire
is connected to the bridge, and

Rl = Reading of the R rheostat when the good wire is
connected to the bridge.

Actually, the open location test is simply a comparison between
the capacity reactance of the faulty wire divided by the
capacity reactance of
o= GQOD WIRE the good wire. This is
mltiplied by the dis-
tance between the test
BAD WIRFE ing stations, in order

‘<’ .i. _I; ﬂir to determine the dis-

tuF = = tance to the fault.

METER

A
— R v
X Note. 1r merely serves
to balance out the re-
N lh sistance component of

the good and bad wires.

LOCATING "OPENS." (S.T.C. BRIDGE.) The open location test
FIG. 15. was de;igned ?nitially
—_—— for uniform lines or
cables, and, when lines of mixed construction exist (which is
the most common), errors will occur unless capacity to earth
measurements have been taken and recorded of all entrance and
intermediate cables.

As an example, a trunk line from A to C (70 miles) is routed via
10 miles of cable to an intermediate station B and from B via

60 miles of aerial line to C. Asssume the capacity to earth
from A to B is 2 UF, also the capacity between B and C is 2 UF.
If a fault occurred at the cable head at B, the formula would
indicate the fault half-way between A and C (35 miles), but
actually the fault is only 10 miles out.

Reactance of a 1 uF ) 106

condenser at 20 ¢/s) = 6.28 x 20 x 1

= 8,000 ohms approximately.

/ C
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. C= 8,000 ohms,
X = 4,000 ohms Bad wire (2 uF),
and X1 = 2,000 ohms Good wire (4 uF).
Condition of balance with bad wire -
1,000 x 8,000 = R x 4,000
8,000, 000
= =2 = 2 000 OhMS vveeriennnnn
R 7,000 2,000 ohms .. (1)
Condition of balance with good wire -
1,000 x 8,000 = R1 x 2,000
8,000, 000
=_1———z_: ............
Rl > 660 4,000 ohms (2)
DPistance to the fault -
R 2 OOO .
X = il D 4 OOO = 35 miles.

The above example shows the method and also indicates the poss-
ibility of error, as the line is of mixed construction and the
capacity per mile is different at one end to the other. The
actual fault was 10 miles out.

2.10 Open Location, Siemens Trunk Test Board. (See Fig. 16.)

1 1
T = Gao
. B
J@Y T owC
Since j and w are common, the equation
becomes -
’\’ A R
T T°%
‘.YR = AC
LOCATING "QPENS. " AC
(SIEMENS TRUNK TEST BOARD.) and Y = =
FIG. 16. If A = 1,000 ohms
C=1u
and Y = 14%?&1

This formula is similar to the formula for the S5.T.C. bridge,
but the bridge does not use a resistance to balance out the
resistance component of the open wire. It 2lso does not employ
a method to shift the phase to check the balance.

/ 3.
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3. TEST QUESTIONS.

1. What are the functions of a Trunk Test Board at a long line
equipment station?

2. Draw a block schematic diagram showing the arrangements of the
line equipment necessary at a terminal station to provide the

following circuits on an open wire line -

(i) Voice frequency physical circuit with terminal
amplifier and 1,000 c/s signalling. (This circuit
frequently used to relay broadcast programmes.)

(ii) Cailho Telegraph.
(1ii) Three Carrier Channels with 1,000 c/s signalling.

The diagram should include Trunk Test Board Jacks and the
arrangement of the V.F. networks. Blocks will be sufficient to

indicate V.F. repeater and carrier system.

3. If an open wire line carrying important interstate carrier cir-
cuits suddenly becomes noisy, rendering the channels unworkable,
what preliminary test would be necessary, assuming that there
were two attended repeater stations en route, and what arrange-
ments would you make to restore the service pending the loca-

tion and repairing of the fault?

(1) Explain, with the aid of diagrams, the method you would
adopt to locate the position of an earth fault in a 100

mile section of open wire line.

(ii) Having satisfied yourself that the location is correct, what
arrangements would you make for the fault to be cleared?

5. What tests and precautions are necessary in making a location
for a short circuit or loop on a line?

6. What factors would influence you in the choice of either the
Murray or Varley method of locating faults?

END OF PAPER.
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INTRODUCT ION.

1.1 The application of Long Line Equipment produces several types of
communication channels. Such channels may be broadly class-
ified into two groups - channels that operate at voice frequen-
cies and channels that operate at carrier frequencies. In the
first group are the ordinary two-wire circuits, which employ a
single pair of open wire or cable wire as the transmitting
medium. This voice frequency group also includes the four-wire
circuits, in which a separate pair of wires is employed for each
direction of transmission. If lines are of considerable length,
both the two-wire and four-wire circuits require the insertion
of repeaters at regular intervals, in order to maintain the
overall transmission equivalent at a satisfactory figure.

Except for special applications (for example, coaxial cables,
radio links and channels provided on high tension power lines),
carrier systems also employ two-wire or four-wire circuits for
transmission purposes, and they also require the use of repeat-
ers at regular intervals.
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It is not possible to state qualitatively the particular situa-
tion to which each particular type of circuit is applicable.

In general terms, the two-wire circuits are used for relatively
short distances - approximately 1,0CC miles maximum for open
wire circuits and 150 miles for cable. Four-wire cable cir-
cuits can be used for longer distances, but their application
in Australian practice is limited to fairly short distances at
the moment.

Carrier circuits are, in general, used for distances over which
it is not economical to provide the required number of voice
frequency circuits.

The different classes of lines employed display a wide diversity
in their relative transmission efficiencies. Thus, at voice fre-
quency, say, 1,000 ¢/s, for example, a 20 1b. cable conductor

has a transmission loss of 1.0l db per mile, whereas a 200 1b.
aerial conductor has a loss of 0.064 db per mile at the same
frequency.

At carrier frequencies, a 40 1b. cable conductor has a loss of
2.0 db per mile at 30 ko/s, a loss of 3.0 db per mile at 72
ke/s and a loss of 4.3 db per mile at 140 kc/s, whilst a 200 1b.
aerial conductor has losses of 0.16 db per mile and 0.3 db per
mile at frequencies of 30 kc/s and 140 kc/s respectively.

Prior to the introduction of the two-wire repeater, it was
necessary to employ large gauge open wires for all long dis-~
tance circuits, but, even with these, the distance over which
good transmission was possible was severely limited. The
application of repeaters had two far reaching effects -~ firstly,
it made possible an indefinite extension of the range of tele-
phone communication and, secondly, it permitted smaller gauge
wires for long distance circuits, thus allowing the economic
derivation of long distance circuits.

Repeaters are now used in practically all long distance open
wire and cable routes. Since open wire facilities must, for
mechanical reasons, be of relatively large gauge and suspended
with considerable separation between conductors, their resist-
ance and capacitance values are relatively low. As a result,
voice frequency repeaters need only be spaced at intervals of
approximately 100 to 200 miles to compensate for the attenua-
tion caused by the conductors. This means that, even in the
longest circuits, the number of repeaters in tandem issmall.
On the other hand, in cables the conductors are usually of

20 1b. or 40 1b. per mile and, even with the use of loading,
repeaters must be inserted at 40-50 mile intervals depending
on the gauge employed, whilst without loading the spacing is

reduced to approximately 20 miles. It follows that/g long
cable
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cable circuit must include a large number of repeaters in
tandem.

2. REPEATER GAINS AND TRANSMISSION LEVELS.

2.1 The location of repeater stations depends on a number of factors
both economic and electrical. Most trunk routes include a
number of differing gauge wires, and the attenuation of the
lesser gauge wires is one determining factor. The suitability
of a town in respect to power supplies and the building space
available also plays a part. Obviously, the circuit attenua-
tion is the controlling factor, as it is not practical to ex-
ceed a certain distance if over-all transmission standards are
to be maintained. The spacing between repeater stations may be
decreased somewhat to suit economic requirements, but it cannot
be increased beyond certain limits.

Ag the location of individual repeater stations has been deter-
mined, it is necessary to decide the gain to be inserted in
each circuit at each repeater point. It is generally desirable
to keep the energy of the speech currents traversing a circuit
at the highest possible level, in order to reduce the poss-
ibility of noise interference. If the transmission level is
too low, any small noise currents, which may be introduced into
the circuit from extraneocus sources, may be enough to cause
excessive interference when amplified by the reveaters. On the
other hand, by keeping the circuit transmission levels high
with respect to interference currents, the effect of the latter
is minimised. (Signa.l to noise ratio should not be worse than

45 db. )

It should be remembered that there is a limit to the amount of
energy that any particular amplifying circuit can handle with-
out introducing distortion, and this, in itself, limits the
transmission level. Crosstalk considerations also determine
the magnitude of transmitted levels. Regardless of spacing, no
22 Type repeater, for example, should be expected to give a
gain of more than +18 db.

In four-wire repeaters, higher gains are permissible, but again
crosstalk considerations place a limit on the gain possible.
Consider the case where an incoming pair is adjacent to an out-
going cable pair of any other four-wire circuit, and assume
that a small crosstalk unbalance exists between the pairs. The
high energy circuit will transfer a small fraction of its
energy to the other circuit, and this transferred energy may be
appreciable when compared with that existing in the other cir-
cuit. This crosstalk energy is applied to the repeater in con-
junction with the incoming circuit energy and is amplified to
the same degree, so that, unless the incoming signal to cross-
talk ratio is great enough, audible crosstalk will result./ In
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In laying out long circuits containing s number of repeaters in
tandem, use is made of a power level diagram which shows the
loss in each section, the gain at each repeater and the level
of the voice energy at each point of the circuit as compared
with the energy applied at the terminal.

Fig. 1 is a diagram for a typical long two-wire circuit on open
wires. The ordinates represent energy levels in db above and
below zero level, losses being measured downwards and gains
upwards. The gains of the repeaters are represented by straight
vertical lines, whilst the line attenuation losses are indicated
by lines between repeater stations sloping downwards in the
direction of transmission. A separate set of zigzag lines

shows the transmission in each direction.
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POWER LEVEL DIAGRAN.

FIG. 1.

Whilst it is usual to describe the gain of a repeater by a
single value in db, this should be understood to mean the gain
of the repeater at a single frequency (usually 1,000 c/s). At
any other frequency, the gain of the repeater may or may ?ot be
the
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the same value. In order to describe completely the character-
istics, it is necessary to know the gain at all frequencies in
the effective voice range as typified by the gain versus fre-
quency characteristic of the repeater and circuit. Other
factors that determine the gains at which it is possible to
operate repeaters are the "return loss" and "singing points,"
which were dealt with in previous Papers. It should be re-
membered that two-wire repeatered circuits are concerned as
much with the impedance of the line (absence of irregularities)
as with the attenuation.

The extent to which a repeater may be used to improve trans-
mission depends, firstly, on the "smoothness" of the line im-
pedance throughout the working range and, secondly, on the
adjustments that it is possible to make to reduce the effect
of terminating conditions on this impedance.

3. CHARACTERISTICS OF OPEN WIRE CIRCUITS.

5.1 One and Three-Channel Systems. In the following section, the
attenuation, impedance, crosstalk and noise of open wire lines
and associated cables over the frequency range employed by
three-channel carrier systems is briefly discussed. Reflection
effects, resulting from impedance mismatch, are considered,
together with loading arrangements and other methods which can
be employed to minimise these effects.

3.2 Attenuation. As mentioned earlier, the attenuation of open wire
lines in the carrier frequency range is considerably greater
than at voice frequencies, since the attenuation increases with
frequency. Also, crosstalk between one pair and other pairs on
the route may result in the absorption of energy and cause large
losses over one or more bands of frequencies in the carrier
range, producing what are known as "absorption peaks." When
these peaks occur, they can usually be eliminated by a correct
choice of carrier transpositions.

Fig. 2a shows approximate attenuation versus frequency curves
for 200 1b. and 400 1b. open wire circuits at a temperature of
68°F. Curves are shown for both wet and dry weather. These
curves assume absorption peaks are not present and are 12"
spaced pairs equipped with trunk insulators. Because of the
increase in the leskance in wet weather, the attenuation at
such times is considerably greater than the dry weather value
and is assumed to be the maximum likely to be experienced.
Consequently, the wet weather attenuation figure is generally
employed when engineering carrier systems.

Where conditions of sleet or frost on the wires are encountered,
the maximum attenuation is greatly increased. Under such con-
ditions, attenuations three to four times as great as the wet

/ Fig. 2.
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weather values have been measured, but such conditions are
rarely encountered in Australian practice.

As is well known, the carrier frequency attenuatiorn of cable
circuits is much greater per unit length than that of open wire
lines. Hence, the losses introduced by cables, which are often
employed at entrance and intermediate points, are of consider-
able importance. Fig. Zb shows the variation of atteruation
with frequency of several gauges of unloaded cable. These

curves apply only when reflection losses (discussed later) are
not involved.

3.3 Characteristic Impedance. The characteristic impedance of open

T

OHMS

OHMS

1

~
T

wire lines and associated cables is also of interest, ag it is
desirable to avoid circuit irregularities ard to match the im-
pedance of the line to that of the carrier equipment. In the
frequency range employed by three-channel gystems, the charac-
teristic impedance of open wire lines is very nearly a pure re-
sistance of approximately constant value, and is substantially
independert of weather conditions. The approxzimste character-
istic impedance of a 200 lb. open wire circuit is shown in

Fig. 3
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OHMS

3.4

The characteristic impedance of non-loaded cable circuits is
larger than that of open wire lines. Over the frequency range
up to the highest transmitted frequency of a three-channel
system, the characteristic impedance is not as constant with
frequency as the open wire impedance and, in addition, has a
ruch larger reactive component. The characteristic impedance
of some unloaded cable circuits is shown in Fig. 4. By the use
of loading, the impedance of these cable circuits can be in-
creased, sO that 1t closely matches that of the open wire lines
and carrier equipment.

300k , 40 1b.
20 Ib.
200}
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100
REACTANCE
-100 -
401b.
-200
20 1b.
—500 ] & . - 3 ] i 4 5 N |
o 4 8 12 16 20 24 28 32 36

FREQUENCY IN Kc/s.

CHARACTERISTIC INMPEDANCE CF NON-LCADED CABLE WIRES.

FIG. 4.

Crosstalk and Noise. The crosstalk between pairs in open wire

lines and also in cables is considerably higher at carrier fre-
quencies, as crosstalk increases approximately in direct pro-
portion to frequency. Consequently, crosstalk difficulties are
likely to be experienced where more than one three-channel
system is operated over the same route, if the pairs are trans-
posed for voice frequency operation only. Since the lower por-
tion of the three-channel frequency range overlaps the range
employed by some single channel systems, there is the possibil-
ity of crosstalk between the single channel system and the
lower channel of the three-channel system, unless the pairs
over which they operate are widely separated. Carrier

/ transposition
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transposition arrangements can be and are provided, which
permit the operation of a number of three-channel and single
channel systems over the same route.

Excessive crosstalk at carrier frequencies is also likely to
be experienced in entrance or intermediate cables of any sub-
stantial length. This can usually be minimised by providing a
large number of pairs in such cables, as the crosstalk is
likely to vary considerably between various pair combinations,
and combinations having low crosstalk coupling can then be
selected.

In addition to the absorption effects previously mentioned,
crosstalk from a pair on which a carrier system is operating
to the surrounding wires on the route may, if the crosstalk is
severe enough, provide a feedback path around a repeater and
cause the repeater to sing. For most transposition schemes
used, this type of crosstalk is rarely great enough to cause
trouble of this nature but, in long repeater sections employ-
ing high repeater gains, this trouble can be experienced.
Since the gain of the repeater does not decrease very rapidly
above the effective transmission range, singing can occur at
frequencies above the working range of the repeater. When
trouble of this type is experienced, a low-pass filter (roof
filter) with a cut-off slightly above the three-charmel fre-
quency range can be provided at the repeater to prevent sing-
ing. The cost of such filters is considerably less than the
cost of additional transpositions required to accomplish the
same result.

Line noise normally present on open wire lines is, in general,
gsomewhat lower at carrier frequencies than at voice frequen-
cies, and, in addition, the use of carrier transpositions
tends to reduce it to negligible proportions.

3.5 Reflection Effects. Due to the large difference in the imped-
ance of open wire and non-loaded cable circuits, the introduc-
tion of cable into open wire circuits utilised for carrier
transmigssion will result in reflections at the Junction points
unless suitable arrangements are employed to match the imped-
ances. Since the carrier terminal equipment is designed to
match open wire side circuit impedance, reflections will also
occur between the carrier equipment and non-loaded entrance
cable unless impedance matching arrangements are provided.
Among other effects, these reflections produce irregularities
in the attenuation versus frequency characteristic of the cir-
cuit and cause reflection losses, which raise the total inser-
tion loss due to the cables. The reflections also tend to in-
crease crosstalk when more than one system is operated over
the same route. / The
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The total loss, including cabtle plus reflection losses at each
end, introduced by inserting given short lengths of non-loaded

cable between two 600 ohm resistances is shown in Fig. 5.
(

LOSS
IN db<

4 8 12 s 16 20 24 28
INSERTICN LOSS DUE TC SHORT LENGTHS CF CAZLE

BETWEEN 600 OHM RESISTANCES.
FiG. 5.

These curves may be considered as representative for all normally
used gauges of cable. Since the impedance of the open wire

lines and the terminal equipment is approximately 600 ohms, the
curves represent the approximate losses which will be exper-
ienced in a carrier circuit when such a length of non-loaded
cable pair is inserted in an open wire side circuit.

3.6 Loading of Incidental Cables. The undesirable effects of inter-
mediate and entrance cables can be minimised by the use of coil
loading specially developed for such purpose. This loading rot
only raises the cable impedance to approximately that of the
open wire line, so as to minimise reflection, but it also
greatly reduces the cable attenuation over the carrier and
voice frequency range. Details of standard carrier loading
practice were given in earlier Papers. Terminal loading units
must, of necessity, be installed at both ends of incidental
cable pairs to enable them to present an impedance which is
constant over the carrier frequency range.

/3.1
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3.7 Impedance Matching Transformers. Although carrier loading is the
best solution for the incidental problem, it is expensive, es-
pecially on long cable lengths, due to the relatively high in-
stallation costs involved in the small amount of loading requir-
ed. When favourable transmission margins exist in the voice
frequency attenuation, and impedance matching requirements in
the voice range are not stringent, considerations of economy
will frequently justify the use of impedance matching transformer
networks at cable junctions as a substitute for carrier loading.
Such arrangements are not as satisfactory as carrier loading.

At the present stage of development, matching transformers are
less effective in the voice frequency range than in the carrier
range, and, where earthed composite telegraph operation is used,
serious restrictions may be imposed. Certain inherent limita-
tions in transformer design result from the fact that the ratio
of the non-loaded cable impedance to that of the open-wire imped-
ance varies widely over the frequency range, and thus the imped-
ance ratio that is optimum at carrier frequencies is disadvantag-
eous in the voice frequency range. An additional complication
(important when voice frequency repeaters with high gains are
used) results from the fact that the difference between the

ratio of the reactive and resistance components of the cable
characteristic impedance and the corresponding ratios of the

open wire impedance is much greater at low frequencies than at
the upper voice and carrier frequencies, and thus a transformer
suitable for matching at carrier frequencies may cause consider-
able impairment to the voice frequency circuits.

Auto transformers (rather than the repeating coil type trans-
former) with condensers located at the electrical centre of
their bridged windings are more suitable for impedance matching,
as they permit through direct current testing, facilitate the
use of superposed earthed direct current telegraph circuits and
can, in general, be arranged to accept 17 c/s ringing.

3.8 Bridged Telephone Sets. Vhere intermediate stations have tele-
phone sets bridged directly across the line, the carrier fre-
quency attenuation and impedance characteristics of the line are
likely to be adversely affected. In addition, mutual interfer-
ence can be experienced between a voice freguency circuit and
the lower channels of a three-channel system on such a circuit.
In general, only a few such bridged sets are permissible on a
line equipped with a three-channel system, and then only pro-
vided special arrangements, such as suitable filters, are in-
serted at the bridging points.

3.9 Additional information on the transmission characteristics of
open wire lines is contained in the Transmission Engineering
Instruction, General CO 2011.

/ 4.
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4. CROSSTALK.

4.1 In considering practical methods for keeping the crosstalk in
long trunk circuits at a reasonable minimum, it is desirable
first to consider the effects of certain basic design features
of long circuits with respect to crosstalk. In general, these
will apply equally to both open wire and cable circuits, and at
either voice or carrier frequencies. One such important feature
is the effect of the location of telephone repeaters on cross-
talk. Thue, it is obvious that, if two circuits are in close
proximity at a point near a repeater station, and one circuit is
carrying the high current levels coming from the output of a
repeater while the other circuit is carrying the low current
levels approaching the input of a repeater, the tendency of the
first circuit to interfere with the second circuit is very great.
The very small percentage of the current in the first circuit,
which may be induced into the second circuit, will be amplified
by the repeater on that circuit along with, and to the same
degree as, the normal transmission. The best practical remedy
for this condition, of course, is to avoid such situations by
keeping circuits carrying high levels of energy away from low
level circuits as much as possible. Where such physical separa-
tion between circuits is not feasible, differences in energy
level between adjacent circuits can frequently be minimised by
proper adjustment of repeater gains when the circuit is designed.

4.2 Another basic element of circuit design is that, in most of the
longer voice-frequency cable circuits and in all carrier cir-
cuits, the effect of near-end crosstalk is minimised by the use
of separate paths for transmission in the two directions. In
cable circuits, the wires carrying the transmission in the two
directions are physically separated as much as possible by plac-
ing them in different lgyers or segments of the cable, or, in
the special case of cable carrier circuits, in different cables.
An equally effective separation is obtained in open wire carrier
circuits by using entirely different bands of frequencies for
transmission in the two directioms.

Furthermore, any near-end crosstalk occurring in spite of these
physical separations is returned on the disturbed circuit to the
output of an amplifier. Since the amplifier is a one-way device,
the crosstalk can proceed no farther and does not reach the
terminal of the circuit. Near-end crosstalk in such circuits is,
therefore, of little importance, except insofar as it may be con-
verted into far-end crosstalk by reflection from an impedance
irregularity. To avoid this latter effect, it 1s essential that
all circuit impedances be so matched as to eliminate important
reflection pogsibilities.

/ Apart
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Apart from the above techniques for avoiding crosstalk through
circuit design methods, practical procedures differ congider-
ably depending upon the type of circuit. It is desirable,
accordingly, to analyse separately the problems for open wire
and cable facilities.

4.3 In the case of open wire lineg, crosstalk reduction depends
upon three principal factors, namely, wire configuration on
the poles, transpositions and resistance balance. Resistance
balance is primarily a question of maintenance and ordinarily
presents no great difficulty. The use of high frequency
carrier systems, with their much greater crosstalk possibil-
ities, has led to the development of new configurations of
open wire lines in which the wires of individual pairs are
closer together and the pairs are spaced farther apart. The
separation of the wires of each pair is 6 inches, the horiz-
ontal separation on the cross-arm between any two wires of
different pairs is at least 22 inches, whilst the vertical
separation between cross-arms is 42 inches.

The basic principle of transpositions was outlined in a
previous Paper. It was noted there that a large number of
transpositions was needed in any long section of line to re-
duce crosstalk to the desired extent. In the entire discus-
sion, moreover, only two pairs were considered. In practice,
an open wire line usually carries many more wires than this,
and obviously there are crosstalk possibilities between any
two pairs on such a line. These possibilities are greater
between the pairs that are adjacent to each other, but all of
the other possibilities are sufficiently large that they must
be taken into consideration in designing a transposition
system for the line. A practicasl system must also guard
against crosstalk between side and phantom circuits, and be-
tween the phantoms themselves when such circuits are used.

There is still another extremely important factor which has
not been considered up to this time. This is the possgibility
of crosstalk from one circuit to another via a third circuit.
In a line carrying many circuits, there is a large number of
these tertiary circuits via which crosstalk might be carried
from any one pair to any other pair. Even the hypothetical
line (which was considered in the first place), carrying only
four wires, has two such tertiary circuits. These are the
phantom circuit, made up of the two wires of one pair trans-
mitting in one direction and the two wires of the other pair
transmitting in the opposite direction, and the "ghost" cir-
cuit, made up of the four wires acting as one side of a cir-
cuit with an earth return. (Note that these circuits exist
as tertiary crosstalk paths regardless of whether a working
/ phantom
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4.4

phantom circuit is actually applied to the four wires.) Need-
less to say, the presence of these tertiary circuits in a line
complicates the problem of designing effective transposition
systems, so much so, indeed, that no attempt can be made here
to analyse this problem in detail.

Transposition systems for open wire lines are designed for unit
lengths ranging from half a mile (X sections) to eight miles (B
sections). The purpose of the design is to approach as clogely
as possible to a complete crosstalk balance in each such unit
section. Any number of sections can be connected in tandem.
The non-uniformity in the length of sections is required
because of discontinuities in the line, such as junctions with
other lines, wires dropped off or added, etc. It is naturally
desirable that such points of discontinuity coincide with junc-
tions between transposition sections where the crosstalk is
balanced out.

Turning now to cable, the most striking feature with respect to
crosstalk is that the conductors are "crowded" close together.
This close spacing of the two wires of a pair, in which equal
and opposite currents are flowing, tends to minimise the ex-
ternal effect of the electromagnetic field of the pair. More-
over, in the process of manufacture, each two pairs of wires
are so digsposed that the capacity unbalance between the four
wires of each individual quad so formed is reduced to a
minimum. This aspect has already been dealt with in Long Line
Equipment I, Paper No. 4. In Multiple Twin type cables, the
two wires of each pair are twisted together producing the
effect of close transpositions, and each two pairs are then
twisted together producing the effect of phantom transposi-
tions. This twisting together of wires and pairs further
reduces crosstalk. A still further reduction is brought about
by spiralling the quads in opposite directions about the core.
In Star Quad cable, the twisting together of the wires and
pairs is not resorted to - the four wires of each quad are
"rolled," this roll producing much the same results as does
the twisting. As with multiple twin type cable, the quads are
gpiralled in opposite directions about the core.

At voice frequencies, inductive coupling between circuits in a
cable is normally so small as to be of relatively little im-
portance in creating crosstalk. The same cannot be said of
capacitive coupling. Despite the most careful manufacturing
methods (there being limits economically in any case), the
capacity unbalances are great enough to cause objectionable
crosstalk in long circuits. This crosstalk is minimised in
practice by special balancing methods to be described later.

/ These
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These balancing methods reduce the "within" quad unbalances
and, therefore, the "within" quad crosstalk. Vhere crosstalk
in adjacent quads is likely to be excessive if quads are
"straight'" jointed, that is, the same quads in each length of
cable jointed together throughout the full length of cable,
systematic jointing of quads may be applied. This scheme
results in quads which are adjacent in any length being
jointed to non-adjacent quads in the next length in a definite
order. Fig. 6 illustrates the systematic jointing of quads

as applied to a 14 pair (7 quad) cable.

In this case, adjacent

QUAD QUAD QUAD QUAD gquads in any length
Ne Ne Ne N9 resume adjacency only

; ;__ ; ; once in every four
3 3 3 K3 lengths.
y; % Y 4 DOWN
2 2 Z 2 END 4.5 The above capacity
z 7 7 7 balancing methods have
peen found adequate in
practice for voice fre-
SYSTEMATIC JOINTING OF QUADS TC quency cable circuits.
OBTAIN QUAD SEPARATICN. When carrier systems
are applied to cable
FPIG. 6. circuits, the crosstalk

protlem becomes much

more severe. In fact,
whilst capacitive coupling is still of consequence, inductive
coupling also becomes important as a cause of crosstalk.

The crosstalk problems at the relatively high frequencies of
the 17-channel and Type K systems require special treatment.
The transmitting paths in the two directions of transmission
are separated by using separate cables for transmission A-B
and B-A. (Alternatively, a special cable with a shield be-
tween pairs transmitting in opposite directions can be used. )
The circuits in the two directions are likewise kept separated
in terminal offices and repeater stations, and shielded office
wiring is used in all cases. This ensures that the energy
levels of the carrier currents are spproximately the same in
all physically adjacent conductors, and that near-end cross-
talk possibilities are eliminated (assuming that reflection
effects have been guarded against).

Far-end crosstalk is reduced by taking special precautions. In
the first place, cable which is to transmit carrier frequencies
ig manufactured to produce a much smaller capacity unbalance,
mutual capacity deviation, and resistance unbalance than is

/ the
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the case with cables intended for V.F. circuits only. As in
the V.F. case described above, the factory lengths are jointed
together in such a manner that the capacity unbalance and
mutual capacity deviation are reduced below specified limits
over predetermined lengths, these limits being much lower than
those for V.F. cables. Also, the quads are transposed from
outer to inner layers throughout those predetermined lengths,
as in the V.F. case. These precautions take care of "within"
guad crosstalk and also of crosstalk between quads to some ex-
tent, and aim at reducing far-end crosstalk due to capacity
unbalances. It is now necessary to reduce the far-end cross-
talk produced by the inductive coupling which exists between
the pairs.

The basic problem is to balance every carrier pair against
every other carrier pair in the same cable in each repeater
section. The method employed counteracts the crosstalk
currents with equal currents flowing in the opposite direction.
Thus, if in a given distributed circuit a crosstalk current is
flowing in a clockwise direction, it is desired to set up an
equal current in the circuit flowing in a counter-clockwise
direction. This result can be obtained by connecting small
transformers between each carrier pair and every other carrier
pair, but, since it is necessary to control the magnitude of
the induced currents and also cause them to flow in either
direction as might be required, depending on the direction of
the actual crogstalk current, the transformers must be designed
so that the coupling between circuits can be adjusted and so
that they can be "poled" in either direction.

The method used is shown schematically in Fig. 7. It will be
noted that there are twc separate transformers, one having a
1 reversed winding in the
- disturbing circuit, so
BISHURBING BGIRGLIT that a current I flowing

—_— - . . »
2 rziiiir______ in the disturbing cir-
CORES cuits will induce oppos-
H itely poled voltages in

DISTURBED If the cores of the two

3 STET —ETET the disturbed circuits.
el e2
4 CIRCUIT transformers are centred

as shown in the sketch,
the induced voltages will

PRINCIPLE OF CROSSTALK BALANCING COIL. be equal and the net
effect on the disturbed
FIG. 7. circuit will be nil. By

moving the two cores as
a unit in either direc-
tion, one or other of the induced voltages can be made to

/ predominate
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predominate. Thus, if the cores are moved to the left, e] will
be increased, whilst ep will be decreased a like amount. This
will result in a current flowing in a counter-clockwise direc-
tion in the disturbed circuit. On the other hand, moving the
cores to the right will result in a clockwise current in the
disturbed circuit.

The method of balancing out the crosstalk due to inductive
coupling, as described above, is not used in Australia. It is
included here to show how a voltage deliberately introduced
from one circuit to another can eliminate the crosstalk voltage
induced between the same circuits by arranging for the deliber-
ately introduced voltage to be 180° out of phase with the
induced voltage. Australian practice uses a parallel resist-
ance capacity network to introduce deliberately the required
voltage, the amount of the voltage deliberately introduced
being determined by the value of capacity and resistance used.
The measurement to ascertain the required amount of resistance
and capacity is called an "admittance unbalance'" measurement,
and involves measuring the impedance unbalance between each
pair and every other pair in the cable and correcting that
unbalance.

The capacity balancing precautions discussed above assume that
only capacity exists between the wires of a cable. This is not
quite so, as some leakance is usually present because it is not
possible to achieve perfect insulation. This insulation resis-
tance paralleling the capacity between the wires forms a
parallel impedance, the reciprocal of which is the admittance.
The measurements undertaken to ascertain the extent of this
unbalance with a view to its correction are termed "admittance
unbalance" measurements, because the equipment used gives the
amount of capacity and leakance required to correct that un-
balance. The required capacity and resistance network would,
when connected, deliberately introduce a voltage from one cir-
cuit to the other which would be 180° out of phase with any
crosstalk due to inductive coupling. Admittance unbalance
measurements are made over predetermined lengths of cable,
these lengths then being jointed together in such a manner

that the over-all admittance unbalance is reduced to a2 min-
imum. Any residual unbalance can then be corrected at the

far end of each repeater section by small variable condensers
and suitable parallel resistors where necessary.

/ 4.6



PAPER NO. 3.
PAGE 18.

LONG LINE EQUIPMENT TIT.

4.6 Poling of Systems. In general, and to avoid the possibility of
near-end crosstalk conditions, single and three-channel carrier

PARALLEL

POLING OF CARRIER SYSTENMS.
FIG. 8.

telephone systems in use in the
Commonwealth are installed so

that the A-B direction is counter-
clockwise, taking Perth as a
starting point. For frequency
allocations in different direc~-
tions, see Drawing No. C.1125 at
rear of Paper No. 3, Long Line
Equipment II.

There are exceptions to this
rule, such exceptions being
dictated by trunk route
parallels. The usual poling
and necessity for exceptions
are shown in Pig. 8&.

L7 Staggering. In order to assist transposition problems, which are
particularly severe if identical systems are employed on adjacent
pairs, several systems with slightly differing frequency alloca-
tions are used. These are applied in pairs known as normal and
staggered systems, for example, C2N, C23, S0S, S0T, T1 and T2.

The staggering advantage or effective crosstalk reduction between

systems 1s obtained because -

(i) The inversion or displacement of channels in the
different systems with respect to each other
makes the crosstalk unintelligible.

(ii) The reduction of the overlap between channels results
in less energy being transferred between them by

crosstalk,

Staggering Advantages.

6 db for inversion.
10 db for normal staggering.
S05-S0T approaches infinity.

Repeater Spacing and Level Adjustments.

Latest systems high frequency gain 50 db.
BEarlier systems high frequency gain 35-40 db.

Later systems are, therefore, capable of operating over distances
of 200 miles and, in entirely new routes, advantage is

/ taken
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taken of this fact. In old established trunk routes, repeater
sites were determined by earlier systems and are approximately
140 miles.

Type J repeater spacings average 60 miles.

In order to assist in limiting crosstalk between circuits, it is
important that the transmitting levels of the systems on the same
route are uniform at terminal and repeater points. The maximum
output level is +18 db, referred to 1 milliwatt. DNormal output
levels are approximately +10 db and +14 db, and are adjusted to
be as uniform as possible between adjacent systems.

Other factors influencing repeater spacing are -

Atmospheric noise.

Crosstalk (60 db far end on repeater sections
is aim, measured with equal level on both cir-
cuits. 45 db is the irreducible limit.)

4.8 Connecting Systems Together. It is often necessary to connect
systems in tandem to provide traffic facilities between remote
points. Where circuits are required on a permanent basis be-
tween the two centres, the systems may be permanently connected
four-wire from modulator to demodulator in each direction of
transmission, with suitable pads inserted to limit modulator
input levels to the correct value.

Where circuits are switched through as required, it is necessary
to reduce the normal over-all additive equivalent. This is
achieved either Wy the use of tail eating or pad switching con-
nections.

If hybrids are connected directly together without taill eating,
the loss is 6 db. When the tail eating connection is made, the
loss is reduced to zero if transformer losses are neglected.

Pad Switching. The systems are normally lined up to their
equivalent with 3 db pads in circuit. VWhen two systems are
connected together, these pads are switched out of circuit,
thus leaving the over-all equivalent unchanged.




PAPER NO. 3. LONG LINE EQUIPMENT ITT.
PAGE 20.

5. CIRCUIT CONSIDERATIONS FOR TYPE J SYSTEMS.

5.1 The introduction of the Type J systems brought about an increase
of approximately 5 : 1 in the transmitted frequency range of
open wire lines, and thereby greatly intensified the problems
connected with attenuation variations, crosstalk and reflection.

5.2 Line Attenuation. Due to the large and often rapid attenuation
variations brought about by weather changes, it 1s essential
that Type J systems include automatic gain regulation. (As
stated earlier, automatic gain regulation is desirable with
three-channel systems operating over long distances.)

5.3 Crosstalk. Crosstalk is mainly controlled by use of suitable
transposition schemes. As grouped frequency working is employed,
transposition design is capable of giving the required results.
The crosstalk between systems, which is of direct Importance,
is the "far-end," that is, between the spesker at one end and
a listener on another circuit at the other end. "Near-end"
crosstalk, that is, between a speaker and listener at the same
end, becomes @ source of interference only when portion of it
appears as "far-end" crosstalk because of reflection at points
of impedance irregularity.

5.4 Absorption Effects. Absorption effects are usually eliminated
by transpositions but, if only portion of the pairs on a route
are transposed for J working, absorption in a J pair can be
caused by a nearby non J pair.

5.5 Construction Irregularities. Unequal sags of pair wires, varia-
tion in transposition pole spacings, pin and arm spacings, in
fact, any constructional irregularities rmust be eliminated if
satisfactory J pairs are to be obtained.

5.6 Interaction Crosstalk at Repeaters. This is crosstalk which
occurs from one side to the other of a J repeater. (See Fig. 9.)

Path A shows the crosstalk from a system to itself; this can
cause distortion and singing.

Path B shows the crosstalk between different J circuits. The
important feature of this crosstalk is that it passes through a
J repeater and is thereby amplified by the repeater gain.

In applying J systems, the consequent larger magnitude crogstalk
at higher frequencies, the increased repeater gains and the
greater number of repeaters per unit length all contribute to
increase the interaction crosstalk problems.

/ Fig. 9.
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Several methods are used to reduce this crosstalk. Firstly, to
prevent direct coupling between wires on both sides of a repeat-
er, it was found necessary to create a gap in the line by leading
into the repeater about 80 to 100 ft. from terminal poles using
special lead-in cables. Secondly, to block crosstalk paths,
special crosstalk suppression filters are installed in non J
circuits. (These filters introduce a loss of 70 db at 140 kc/s.)
In addition, to provide an extra margin of safety against inter-
action crosstalk currents which might find their way through the
repeater station by various stray paths, longitudinal choke
coils are connected in the J pairs between junctions of open
wire lines and lead-in cables. These coils do not affect
ordinary transmission but add high impedance in longitudinal
circuits.

5.7 Staggered Systems. Transposition arrangements possible on exist-
ing open wire lines do not permit the operation of identical J
systems on all pairs - therefore, four types with differing
channel fregquency allocations are used. The staggering
advantages range from 6 to 16 db.

5.8 Line Impedance. It ig important that impedances be closely
matched and large irregularities avoided.

/ Special
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Special construction and lead-in arrangements make it possible
to obtain a reflection coefficient of 5 per cent. at the highest
frequency transmitted.

The accuracy of the wire spacing, transposition arrangements,
etc., affect the smoothness of the impedance versus freguency
curve.

5.9 Intermediate and Entrance Cables. As previously indicated for
three-channel systems, loaded cable or matching transformers are
used for impedance matching between junctions of open wire lines
and cables.

To load up to 150 kc/s would require very close spacing (200 ft.) -
this would be expensive. Also, regarding the use of impedance
matching transformers, the design would be too difficult over the
wide frequency range concerned.

As a result, special disc cable, which can be loaded at normal
spacing to match the open wire impedance, was developed for J
installations. Loading coils for differing open wire gauges
are available.

The disc cable uses 40 1b conductors in a spiral four arrange-
ment supported by hard rubber disc spacers 0.6" diameter. These
are surrounded by copper and iron tapes for purposes of shield-
ing and strengthening.

Cables may be assembled in single units under a lead sheath or
in multiples up to seven. Outside armouring is available for sub-
marine cable.

5.10 Entrance Cable. When a new station is established at a point on
a line route, it is usually located close to the line in order
that the lead-in cable will be short. Lengths up to 175 ft. can
be loaded with adjustable loading units located in the repeater
gtation, and lengths up to 300 ft. can be loaded with adjustable
loading units located both on the terminal pole and in the
repeater station.

When, for particular reasons, greater lengths are necessary, disc
loading can still be used, but, because of cost, it is sometimes
more economical to construct a special filter hut near the open
wire terminal pole and separate the J system from the three-
channel system by line filters. Connection from the line to the
filter hut is by means of a disc cable. From the filter hut to
the repeater station, ordinary trunk entrance cable is used, the
J being led in on unloaded pairs and the three-channel usually
on loaded pairs. 3By thus limiting frequencies over the non-
loaded pairs to the J group, it is possible to design and use
suitable impedance matching transformers. The line filter sets
are
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are designed for average open wire line impedance and, where nec-
essary, building out networks are used to obtain close matching.

For office wiring, J systems use rubber covered shielded pairs.
(Impedance at 140 kc/s = 125 ohms.) The repeater and terminal
high frequency equipment impedances are designed to match this
value very closely.

6. SUMMARY.

6.1 The successful transmission of frequencies up to 140 ko/s over
open wire lines, as compared with transmission up to 30 kc/s,
involves modification of open wire construction, new trans-
position design, new lead-in arrangements involving special
cable and loading, improvement of impedance matching at junc-
tion points, closer repeater spacings and auto gain regulation.

6.2 Noise. Circuit noise can be divided into two types -

(1) Preventable noise, that is, that noise which, by
careful design and maintenance, can be eliminated.

(1i) Unpreventable noise due to the basic nature of
matter and electricity.

Of these, (i) is of importance in voice frequency circuits, but
both (i) and (ii) are of importance in carrier circuits.

6.3 Preventable Noise may consist of -

(1) "Babble" due to direct crosstalk from many different
circuits simultaneously. This may occur in cables
themselves, in office wiring, or by couplings via
common power supplies to repeater equipment.

(ii) Crossfire from telegraph circuits.

(iii) Noise from battery charging plant, either commtator
ripple or alternating current hum. This may occur due
to float charging, interference from a reserve battery
on charge or mains operated equipment.

iv) Induction from nearby power lines.

(v) Radio pick up. This is of importance only in carrier
c¢ircuits, where the radio signal may be translated to
speech frequencies in the frequency changing equipment.
Open wire lines are most troublesome in this respect,
but trouble can be experienced on cable circuits as
crosstalk from other pairs which have open wire
extengions.

(vi) Noise due to microphonic values,that is, due to elec-

trode vibrations.
(vii) Noise due to line contacts - intermittent "opens," lines
and apparatus.

(viii) Noise due to earth and intermittent earth faults.

(ix) In carrier circuits. noise due to intermodulation in

repeaters and other non-linear circuit elements, such
as loading coils. // (x)
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(x) In carrier circuits, noise due to inadequate filtering
in terminal equipment.

6.4 Unpreventdble Noise is of Two Sources -

(i) Thermal Noise. Apparently inert matter has its ultimate
constituents in a state of ceaseless motion, giving rise
to random electric currents of calculable value. Thermal
noise, resistance noise or Johnson noise has an average
electrical energy, which is independent of the nature or
magnitude of the resistance across which it is measured.
It is proportional to the absolute temperature and the
frequency band-width. For a speech band-width at
atmospheric temperature, thermal noise is about 133 db
below 1 milliwatt. The important noise usually arises
in the grid circuit resistance of the 1lst stage ampli-
fier valve, where the signal energy is lowest.

(1i) Shot Noise. The electron stream in a valve is also
particulate in nature and in the limit is not uniform.
It, therefore, gives rise to a noise similar in
character to thermal noise. This noise is known as
shot or "Schrott" noise. With valves associated with
grid circuit impedances of about 5,000 ohms, shot
noise is comparable in magnitude to thermal noise.

If the noise or crosstalk level at a given point is known, the
permissible signal level at that point can be deduced from a
knowledge of the sending level, number of repeaters and required
over-all signal/noise ratio. In most cases, crosstalk is the
decisive factor, but, where this is effectively eliminated as

in four-wire cable schemes, the circuit noise sets the limit to
the repeater spacings.

7. TEST QUESTIONS.

1.

State the causes and discuss the effects of Reflection.
State the principles of transposition design.

Why, and how, are crosstalk balancing coils used?

How are carrier systems connected in "tandem"?

What is "ecircuit noise'?

What are the main advantages of the use of repeaters?

END OF PAPER.
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6. VOLTMETERS AND AMMETERS USED IN A.C. MEASUREMENTS.
7. DECIBEL MEASUREMENTS AND METERS.
8. DETECTOR AMPLIFIERS.

9. IMPEDANCE BRIDGES.
10. ATTENUATORS.
11. TRANSMISSION MEASURING SETS.

12. - TEST QUEST ICNS.

1. INTRODUCTION.

1.1 Electrical measurements in Long Line Transmission involve the
application of many types of measuring apparatus to determine
the suitability of circuits and apparatus and to detect any
variation in their performance.

1.2 Transmission measurements may be broadly divided into two
categories -
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(i) Measurements on open wire and underground or submarine
cables to determine their suitability for the applica-
tion of specific types of long line equipment.

(ii) Measurements on apparatus to ensure that it operates as
required and will, in conjunction with a suitable trans-
mitting channel, conform to over-all transmission
standards.

1.3 These measurements involve both D.C. tests and A.C. tests or
measurements.

2. D.C. TESTS.

2.1 It is important to meke certain D.C. tests before proceeding
with A.C. measurements. The D.C. tests to be made are as
follows -

(1) Insulation Resistance. This test must be made between
each wire of the circuit on which measurements are to
be made, and between each wire and earth. Any abnormal
behaviour, such as low and/or varying insulation re-
sistance or unequal insulation resistance between each
wire and earth, should be investigated. This test is
made because any low ingulation resistance can affect
A.C. tests, for example, crosstalk will be more severe
on circuits with low insulation resistances so that, by
clearing up insulation troubles prior to A.C. tests,
the results gained from the subsequent A.C. tests are
a true indication of the performance of the circuit to
alternating currents.

(ii) Conductor Resistance and Conductor Resistance Unbalance.
The two wires of the circuit on which measurements are
to be made are looped and earthed at the distant end,
and the loop resistance and resistance unbalance of each
wire are checked by a Wheatstone Bridge. From a fore-
knowledge of the make-up of the circuit to be measured,
it is possible to check the loop resistance. Abnormal
behaviour, such as high and/or varying loop resistance
and resistance unbalance, should be investigated and
cleared up for the reasons outlined above.

2.2 The methods of making D.C. measurements have been dealt with
previously, and reference should be made to Paper No. 2 of this
book for Bridge Measurements, and to Applied Electricity I,
Paper No. 5, for the use of the Megger and Bridge Megger,
should the trainee require information on these measurements.

/ 3.
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3. A.C. MEASUREMENTS.

3.1 Whilst meny different circuit arrangements are used to make A.C.
measurements, a particular arrangement is merely a method of
making one of a relatively small number of measurements, the
particular circuit arrangement used being dictated by the
circumstances involved. For example, there are many methods of
measuring the loss produced by a line, the particular method
used being determined by the equipment available and the loss
expected. This can be estimated from a knowledge of the make-
up of the line and its primary and secondary constants.

3.2 The principal A.C. measurements made, together with some reasons
for making them, are as follows -

(i) Characteristic Impedance versus Frequency of Circuits.
This measurement is made to check that the practices
employed in the erection of an aerial line, or the
Jointing or loading of a cable, produce a character-
istic impedance which does not depart widely from the
value calculated from the primary constants of the
circuit concerned. The measurement also checks that
no irregularities are present due to such features as
the absence of aerial to cable matching transformers,
terminal loading units, loading coilsg, etc. Also,
from the measurement of the characteristic impedance
of a line, the primary constants of the line can be
calculated, thus enabling these constants to be
determined from practical cases rather than purely
theoretical considerations.

(ii) Insertion Logs or Gain versus Frequency. This measure-
ment checks that alterations to the make-up of a
circuit, the addition of such items of equipment as
repeaters, etc., to a circuit, and so on, do not
produce losses which would place the grade of the
circuit outside the standard grade of over-all trans-
mission. This measurement also includes the gains of
amplifiers and the losses produced by individual
items of equipment.

(iii) Crosstalk versus Frequency. This measurement checks
an aerial route after retransposition, is used as a
basis for selecting cable pairg for loading, and
generally indicates the extent to which circuits
will crosstalk between one another when in use.

/ (iv)
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(iv) Noise and the Harmonic Analysis of Noise. Noise measurements
are made either as the result of a complaint or where high
level wide band equipment is to be used. When noise is
present, itg harmonic analysis is of great assistance in
determining the source of the noige, from which steps can
be taken to eliminate it.

(v) Return Loss. This measurement is made to determine the extent
of an impedance mismatch, for example, at the junction of
cable and open wire circuits, or when a circuit is terminated
in some specific impedance.

(vi) Capacity Unbalance. This test measures the extent of the
capacity unbalance between the four wires of a cable quad,
with a view to its reduction or elimination by a jointing
scheme or by the use of balancing condensers.

(vii) Admittance Unbalance. The capacity unbalance measurements
dealt with above take into account only the capacity unbalances
existing between the four wires of each quad, and the correc-
tion of this capacity unbalance eliminates crosstalk from one
pair to the other in the same quad. Within quad balancing is
sufficient to eliminate or reduce below an audible level any
crosstalk at audio frequencies. At carrier frequencies, how-
ever, it 1s necessary to consider not only within quad cross-
talk due to within quad capacity unbalance, but also crosstalk
from quad to quad brought about not only by capacity unbalance
but also by insulation resistance unbalance. The capacity
and insulation resistance between each pair of wires in a
cable forms an impedance, the reciprocal of which is the
admittance. Admittance unbalance measurements estimate the
degree of admittance unbalance between every combination of
pairs in a cable in terms of the amount of capacity and re-
sistance required to correct the unbalance. The amount of
capacity and resistance required is provided in the form of
variable condensers and resistors of the required value. The
added resistance and capacity reduce crosstalk, because they
provide a network through which one circuit deliberately cross-
talks into another. This deliberately introduced crosstalk,
however, is 180° out of phase with that due to the unbalances
existing along the length of the cable, so that the resultant
far end crosstalk is zero. Admittance balancing is, there-
fore, a means of reducing far end crosstalk, and is resorted
to for this purpose.

(viii) Mutual Capacity Deviation. Carrier type cable, that is, cable
designed and manufactured specifically for operating carrier
systems over its pairs, must be manufactured and jointed in
such a manner that the mutual capacity of each pair does not

vary too much over the entire length of the cable. Any
variation
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variation in the mutual capacity of a pair over the length
of the cable will cause impedance changes which, at
carrier frequencies, cause reflection and so increase
crosstalk. The mutual capacity of each pair in pre-
determined short lengths of the cable, therefore, is
measured, and these lengths are jointed in such a manner
that little variation or deviation of the mutual capacity
of each pair takes place over this entire length of the
cable.

4. A.C. TESTING EQUIPMENT.

4.1 The various items of testing equipment necessary for carrying
out the A.C. tests on lines and equipment listed in the preced-
ing section are special applications of circuit principles
already studied. The remainder of this Paper, therefore, will
be devoted to brief descriptions of some items of testing equip-
ment, and a subsequent Paper will deal with the method of
carrying out individual tests with this equipment. Because of
the large variety of tests made, testing gear used, and circuit
arrangements devised to meet different sets of circumstances,
it is not possible in a course of this nature to cover the
whole field of testing equipment and testing methods. These
Paperg, therefore aim at providing the trainee with general
principles only and should not be regarded as a comprehensive
treatment of the subject.

5. OSCILLATORS.

5.1 Ogcillators are the source from which A.C. testing power is
drawn. The different A.C. measurements made on lines and
equipment involve frequencies as low as 35 c/s (the lowest
frequency of importance in music) and as high as 143 kc/s (the
highest carrier frequency used in Australia at the moment ) .

5.2 The most important features of an oscillator required for test-
ing purposes are -

(1) The harmonic content in the output should be small at
all frequencies. The total amount of power delivered
by an oscillator to a circuit under test and from that
circuit to the measuring equipment, for example, an
ammeter, will be the sum of the power in the funda-
mental frequency and that in the harmonics. Where
tests at single frequencies are necessary (and this is
generally the case) and untuned measuring equipment is
used, the results obtained indicate the performance of
the circuilt over the single frequencies plus their
harmonics rather than at the single frequencies con-

cerned. / (ii)
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(ii) The output should be constant over the whole frequency
range of the oscillator for any required output. This
eliminates checking the output of the oscillator each
time the frequency is changed when measurements are
being made over a wide frequency range.

(1iii) The frequency and output power should not vary with
normal changes in temperature or electrode voltages.

5.5 Because of the difficulties encountered in providing these feat-
ures on oscillators which have to cover a band-width extending
from 35 o/s to 150 c/s, the oscillators used in practice only
cover portions of this band. For example, oscillators for
audio frequency measurements cover a range up to about 15 kc/s,
oscillators for carrying out measurements on 3-channel systems
cover a range up to about 50 kc/s, whilst oscillators for carry-
ing out measurements on 3-channel and 1l2-channel systems are
designed to provide their most satisfactory performance between
about 3 kc/s and 150 kc/s. Some of these oscillators will now
be described.

5.4 The 8A Oscillator. This is a portable oscillator covering the
frequency range 100 c/s to 50 kc/s and cperating from battery
supplies of 24 and 130 volts.

The oscillator is of the tuned anode type and is followed by a
two-stage amplifier, the second stage employing two valves in
parallel arranged to provide a 600 ohmg output. Fig. 1 shows a
circuit of the oscillator unit alone.

—ph——

Rfb
TO GRID OF 1T
AMPLIFIER
- AMA VALVE
CHOKE

8A OSCILLATCR.
FIG. 1.

A shunt feed arrangement is used to keep the anode D.C. out of
the anode tuning coils. Five sets of inductance coils are used
in the tuned circuit; these, together with a variable capacity,
cover the required frequency band. The coils are switched in
and
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and out as required by a ten point switch which, besides
carrying out this coil switching function, also provides two
values of feedback resistance per coil. This feedback resist-
ance, designated Rfyp in Fig. 1, performs two functions -

(i) It prevents the output of the oscillator from varying
excessively as the values of the tuning capacity and
inductance are varied to vary the frequency. As the
values of the tuning capacity and inductance change,
the impedance offered by the tuned circuit at resonance

(z = é%) also changes, so that the amplitude of the

tuned circuit current and, therefore, the voltage
across the tuned circuit, which will mean the output
power from the oscillator, will vary correspondingly.
By varying the amount of the amplified oscillations re-
turned from the valve to the tuned circuit by means of
a variable resistance between them, variations in the
power output from the oscillator can be checked. As
there are only two values of feedback resistor for each
coil, the power output from the 8A oscillator cannot be
regarded as constant.

(1i) Changes in such factors as load impedance and anode and
cathode supply voltages can cause variation in the fre-
quency of the oscillator by causing changes in the
impedance of the tuned circuit or the valve respective-
ly. By employing a feedback resistor, the total imped-
ance of the anode circuilt can be increased to a value
such that the factors mentioned produce little change
in the total impedance of the anode circuit.

The output of the oscillator can be controlled by a potentio-
meter, which varies the voltage applied to the grids of the two
paralleled valves in the output stage. The maximum output is
from about 25 to 35 milliamperes into 600 ohmg, which corres-
ponds to sbout 25 to 28 db above one milliwatt into 600 ohms.

The proportion of harmonics present in the output varies with
the magnitude of the output, the minimum amount being present
when the output is small. When greater purity of output is
required, provision has been made for the use of an external
9 volt bvattery for biasing the output valves.

A calibration chart is provided from which the settings of the
ccils and condensers can be ascertained for any frequency re-
gquired.

5.5 The 10B Oscillator. This is a rack mounted oscillator, also of
the tuned anode type, designed to cover the frequency range
35 c/s to 50 kc/s. The output impedance is 600 ohms and the
output is from 6 to 10 milliamperes into 600 ohms, corresponding
to between aboutl3 andl8 db above one milliwatt into 60C ohms.
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Three sets of tuning coils are provided which, with a variable
capacitance, cover the required frequency range. The feedback
resistor is adjustable for each frequency setting, and a chart
is provided from which the settings of the coils, condensers
and feedback resistors can be ascertained for any required fre-
quency. This provides a constant output as the frequency is
changed.

Thel3 $t0l18 db output mentioned above is provided by the oscilla-
tor valve followed by one stage of amplification - a gingle
valve. When greater outputs are required, an additional stage
of amplification is provided in the form of two valves in push-
pull, the output of this stage being designed to work into 600
ohms. The maximum output from the amplifier is from 25 to 40
milliamperes into 600 ohms, corresponding to from about 26 to

30 db above one milliwatt into 600 ohms. This output can be
reduced in 20 steps of approximately 1 db each.

5.6 The 17B Oscillator. (See Fig. 2.) A source of frequency covering
the range to 150 kc/s has been provided by the Western Electric
Company in the 17B oseillator. This oscillator is a development
of the Bell Laboratories, and represents a departure from the
resistance stabilised oscillators discussed above. This is a
beat-frequency or heterodyne oscillator and, with careful
design, qualities latent in this type have been developed to an
exceptional degree. In consequence, the 17B oscillator hasg
certain desirable attributes not possessed by earlier types;
notably, a substantially flat output-frequency characteristic,
and a single frequency control covering the whole range.

The frequency range of the 17B oscillator is 50 ¢/s to 150 kc/s
indicated on a film scale some 25 feet in length and calibrated
at 50 ¢/s intervals. The scale accuracy is within 25 c/s at
any point, and the long-time frequency stability is within

20 c/s for any particular setting.

Of considerable practical value, from the viewpoint of testing
technique, is the exceptional output-frequency characterlstlc
which, for representative oscillators, is close to ¥0.2 dv for
the range 3-150 kc/s, 1ndependent of the output level. The out-
put stability is approximately to. 5 db for a given output sett-
ing over long perlods, provided the power supply voltage is
stable to within 110 voltS. The output is adjustable in steps
of less than 0.1 db from approximately 1 mW to 1,000 mW or from
zero to +30 db referred to 1 mW. The output control is roughly
calibrated in 1 db steps above the minimum of 1 mW. (Below 3
kc/s, the output falls, being about 7 db less at 200 c/s than at
3 ke/s for maximum output.) Because of this falling off in the
output and an increase in the harmonic distortion below about 3
ke/s, thig ogcillator is not used for precise measurements
below 3 ke/s. / The
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The principal circuit features are as shown in Fig. 2.

FIXED
OSCILLATOR
| 650 Kc/s

QUTPUT CONTROL

600 OHMS
0-150 Kc/s
QuUTPU

LOW PASS §
FILTER

MODULATOR

155 OHMS

——fem——
AC FILAME
IAND RECT.

AC SUPPLY

50~60 CYCLE
POWER SUPPLY

FIG. 2 - BLOCK SCHEMATIC OF 172 OSCILLATOR.

Two oscillators of high stability are incorporated, the first
fixed at a frequency of about 650 kc/s and the secornd variable
between 650-500 kc/é. The outputs are fed to a balanced valve
modulator and then to a low-pass filter. The filter passes the
difference frequency, but suppresses the fundamental component
frequencies along with the higher order modulation products.
The filter output passes via an output control to the main
push-pull amplifier, appearing at the output jacks through an
output transformer. The trensformer provides output impedarnce
of 6CO chms or 135 ohms, selected by a key. The variation in
frequency of the variable oscillator from 650 kc/s to 500 kC/S,
which provides the output frequencies from 0-150 kc/s, is only
some 20% of the meximum frequency of 650 kc/s. Frequency varia-
tion over such a narrow band as this satisfies requirements for
enabling a single coil and variable condenser to be used and
makes posgible a substantially flat output-frequency character-
istic. This is distinct from the single valve oscillator, which
would require a number of coils to cover the range to 150 kc/s
along with the necessity for wide variation in tuning condenser
capacity. Considerable change in output for differing fre-
quencies is inherent under such conditions.

Heater and anode supply currents are provided through the medium
of an A.C. power supply unit. Particular attention has been
paid to regulation of the anode voltage to obtain output stab-
ility of a high order.

Facilities for calibrating the oscillator are provided. The
two frequency points selected are 50 c/s (power supply fre-
queLcy> and 1CO kc/s.

/ To
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To satisfy the 50 ¢/s requirement, the fixed frequency oscilla-
tor only is adjusted by a trimmer condenser to bring about a
frequency 50 c/s higher than that of the variable oscillator.

At 100 kc/s, the tuning condenser capacity of both the fixed and
variable oscillators is changed by identical amounts, but, since
the variable oscillator tuning capacity is greater at 100 kc/s
on account of its lower frequency, the relative change for the
two oscillators will be different and, consequently, the differ-
ence or output frequency will be varied. At 50 c/s, the adjust-
ment effected at the 100 kc/s point will have no effect, since
the capacity of both condensers was changed by an identical
amount at that point.

The 50 c/s calibration is brought about by beating the oscillator
output against the 50 c/s power supply frequency, which is
generally held within close limits. The film scale is set to

50 ¢/s, and a small current from the 50 c¢/s power supply is fed
in series with the oscillator output to a calibrating lamp. The
lamp will then vary in brightness at a rate equal to the differ-
ence between the oscillator output and power supply frequencies.
A gscrew-driver adjustment is provided to bring about the change
in the oscillator frequency in the manner indicated above.
Synchronism between the power supply and oscillator output can
occur for two distinct adjustments to the fixed oscillator fre-
quency - when it is set above and when it is set below the
variable oscillator frequency by the amount of the power supply
frequency. In the latter case, an error of 100 c/s in the dial
reading would result. Consequently, it is necessary to check
the calibration at points both 50 c¢/s above and 50 c/s below
the point of zero frequency on the film scale to ensure that

the calibration has been made on the correct (difference)
sideband.

The 100 kc/s point is checked against the resonant frequency of
a crystal. A mark appears on the film scale of each oscillator
at the measured resonant frequency of the individual crystal;
that is, at or close to 100 k¢/s. With the film scale set to
this mark, the calibrating key is operated to connect the
crystal across the grids of the amplifying stage and the cal-
ibrating lamp across the oscillator output. The oscillator fre-~
quency is then varied with the screw-driver control provided
until the lamp is extinguished. This indicates that the osc-
illator frequency and the resonant frequency of the crystal are
identical. The crystal at resonance, behaving as a low imped-~
ance shunt, reduces the oscillator output sufficiently for the
calibrating lamp to be extinguished.

Calibration procedure is set out on an etched plate fixed to the
front panel of the oscillator, although reference is lacking to
the necessary precaution relating to the 50 c/s calibration
mentioned. Where 60 ¢/s is referred to on this plate, read 50
c/s or the power supply frequency. / Battery
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Battery Operation. Where a 17B oscillator is to be used for
field testing, it is advantageous to add facilities enabling
battery operation. While the nominal anode voltage is given

as 180 volts, the makers mention that satisfactory operation is
possible between 150-200 volts, with decreased or increased
power output. IExtending the limits further, it has been found
that, with the anode voltage supplied by a 135 volt battery, a
power output of +24.5 db above 1 mW is possible, compared with
+30 db at 180 volts. The difference in the measured harmonic
percentages for the two conditions is inappreciable, and the out-
put impedance is unaffected. The value of this low voltage
battery operation lies in the drop in current consumption from
100 mA to 72 mA.

5.7 Ryall-Sullivan Beat Frequency Oscillator. This oscillator
employs two high freguency dynatron oscillators, one fixed at
100 ke¢/s and the other variable from 100 down to about 84 kc¢/s,
so covering the frequency range O to 15,000 c/s. The oscilla-
tor operates from 22 and 130 volt batteries for cathode and
anode supplies respectively, and dry cell batteries for bias.

(A dynatron is a screen-grid valve (tetrode) operated with the
anode potential much lower than the screen potential. An exam-
ination of Fig. 17 of Paper No. 5, Long Line Equipment I, shows
that, between anode voltages x and y, the anode current de-
creases whilst the anode voltage increases. More common circuit
elements behave in the reverse manner, that is, the current
flowing through them increases as the voltage across them in-
creases. Thus, if the voltage acrogss a circuit element in-
creases from 8 to 10 volts and the current increases from 0.5
to 1 ampere, then the resistance of the element will be 2 volts
divided by 0.5 ampere, or 4 ohms. If, however, the voltage in-
creases from 8 to 10 volts and the current decreases from 1 to
0.5 ampere, then the increase in current is -0.5 ampere and the
resistance is -4 ohms. In other words, when an increase in the
voltage across a circuit element is accompanied by a decrease
in current, then that element has a negative resistance. The
screen-grid valve in the above reference exhibits a negative
resistance between anode voltages x and y. Dynatron oscilla-
tors employ a screen-grid valve with the anode and screen volt-
ages adjusted, so that the anode current decreases with increas-
ing anode voltage over the operating portion of this character-
istic. When a tuned circuit is connected in the anocde circuit
of a valve having these adjustments, the negative resistance
presented by the valve characteristic can neutralise, either
wholly or partly as required, the positive residtance in the
tuned circuit, thus making that circuit extremely selective.)

/ Fig. 3
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Fig. 3 shows a tleck schematic circuit of the Ryall-Sulliven
oscillator.

FIXED
OSCILLATOR
100 Ke/s
ey 1
B.P, FILTER | L.PFILTER
AMPLIFIER] 54_,00,(,_/1 DETECTOR $c=20Ke/s AMPLIFIER [~
I ey T
VARIABLE
OSCILLATORf—
84-100Kc/s

FIG. 3 - BLCCK SCHEMATIC OF RYALL-SULLIVAN OSCILLATCR.

The outputs of the fixed and variakle frequency oscillators are
first amplified ©y a two stage amplifier before being applied
to the detector (which performs the modulation) via a band-pass
filter. This filter eliminates any harmonics cf the two
ogcillator frequencies which might be produced by the amplifier.
The detector or modulator produces sum and difference frequen-
cles, the difference frequencies (0 to 15,000 c/s) being passed
by the low-pass filter and amplified by a two-stage amplifier.

The output impedance is 600 ohms non-reactive, the output volt-
age at this impedance being within ¥0.1 db from 20 to 12,000 c/s.

The output power is a maximum of 300 milliwatts with an anode
battery supply of 130 to 150 volts and a Type LS6A valve in the
output stage. By changing this valve for a Type PX25 and in-
creasing the anode voltage applied to this valve to 350 or 400
volts, the output power can be increased to a maximum of 3 watts.

6. VOLTMETERS AND AMMETERS USED IN A.C. MEASUREMENTS. (Also see Applied
Electricity III, Paper No. 10.)

6.1 The wide range of frequencies covered by A.C. measurements on
transmission lines and equipment eliminates any possibility of
employing dynamometer or moving iron type ammeters and volt-
meters, the wide range necessitating meters whose performances
are independent of frequency. For this reason, the ammeters
and voltmeters used are of the thermo-couple type, the recti-
fier type or valve type. In all of these instruments, the
actual meter used is a D.C. meter, the thermo-couple, rectifier,
or valve providing a source of D.C. actuated by the alternating
current or voltage being measured.

6.2 The thermo-couple consists of two dissimilar metals in contact,
this Jjunction being heated either directly or indirectly by a
heater through which the alternsting current being measured is
passed or across which the alternating voltage being measured

is
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igs applied. The different characteristics of the two metals re-
sult in a difference of potential between them when the junction
is heated, and, if a sensitive D.C. milliammeter is connected be-
tween them, as in Fig. 4, either the current flowing through, or
the voltage applied across, the heater can be indicated.

MICROAMMETER The milliammeter is cal-

ibrated to read heater
HEATER JUNCTION current or voltage as re-
Q quired, and not the volt-

A
o age or current produced by
i ' x I the thermo-couple.

CALIBRATION Almost any combination of

THERMO~-COUPLE ADJUSTMENT dissimilar metals will
FIG. 4 - THERMO-COUPLE METER. produce the thermo-couple

effect, but some combina-
tions are better than others. Bismuth and antimony or copper and
nickel are frequently used.

For general use, there are four standard thermo-couples, as
follows -
(1) Type C with a heater resistance of 5 ohms and a safe
current carrying caepacity of up to 75 milliamperes.
(ii) Type N with a heater resistance of 46.5 ohms and a safe
current carrying capacity of up to 15 milliamperes.
(i11) Type J with a2 heater resistance of 600 chms and a safe
current carrying capacity of up to 5 milliamperes.
(iv) Type AM with a heater resistance of S0 ohms and a safe
current carrying capacity of 3.7 milliamperes.

Ag with other types of ammeters and voltmeters, shunts and multi-
pliers can be used to extend and contract the range of the
instruments.

6.5 The rectifier meter employs a bridge connected metal rectifier

circult, across two diagonal corners of which is connected an
ordinary D.C. moving coil current meter. The
A.C. to be measured is connected to the remain-
ing two corners, as shown in Fig. 5.

Although the full-wave bridge connected rectifier
A circuit is not essential, it is more usual to
employ this than a half-wave circuit.

As in other types of voltmeters, series resistance
is added to provide accurate voltage readings.
Shunts and multipliers can be used to extend and
contract the range of the instrument.

© AC. © For the measurement of extremely small currents

RECTIFIER METER. and voltages, the instrument can be preceded by

FiG. 5. an amplifier. When used as a current indicating
device under these conditions, the current to be
measured
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measured 1s passed through a resistance, the voltage drop across
which is applied to the input of the amplifier. The instrument
then reads the voltage drop produced across the resistance but
is calibrated in terms of the current flowing through it. When
used as a voltmeter, it is, of course, necessary to preserve the
high impedance input.

6.4 Valve type voltmeters employ valves as the rectifying elements-
The valve employed as the rectifier may be a diode, or a triode
biased to cut-off. A D.C. moving coil current measuring meter
is used as an indicating device. This principle can be used
for either voltmeters or ammeters. When used as a voltmeter,
it is necessary to preserve the high impedance input. When used
as an ammeter, the current to be read is passed through a resis-
tance, the instrument then reading the voltage drop produced
across that resistance by the current flowing through it. The
meter is, of course, calibrated in terms of the current flowing
through the resistance. As in the rectifier type, the instrument
may be preceded by an amplifier when extremely small currents or
voltages are to be measured.

7. DECIBEL MEASUREMENTS AND METERS.

7.1 As discussed in Paper No. 1 of Long Line Equipment I, the decibel
has two main applications in telephone practice, namely -

(i) To express the gains or lossesgs of circuits or circuit
elements in terms of the common logarithm of the ratio
of the power sent into the circuit or element and the
power delivered by it to a load. As the result is merely
the common logarithm of a power ratio, the decibel has no
physical significance as a unit when used in this sense,
that is, it does not express an amount of power as do the
expressions "3 watts" or "5 watts."

(ii) To express the amount of power present at a point in a
circuit by referring that amount of power to some pre-
determined amount, for example, 1 milliwatt. Thus, 1
watt represents an amount of power, or "power level,"
which is 30 db greater than, or above, 1 milliwatt.
Similarly, 1 microwatt represents a power level of 30 db
below 1 milliwatt. The amount of power to which all
other amounts are referred is termed the "reference"
level or, more generally, "zero" level. Powers above
the zero level are referred to as positive, for example,
+30 db, whilst powers below zero level are referred to
as negative, for example, -30 db. Applications of this
method of expressing the powers present in the various
parts of a circuit are illustrated in Figs. 12, 13 and
14 of Paper No. 6, Long Line--Equipment II.

7.2 Communication circuits usually employ matched impedances, for ex-

ample, aerial lines are terminated at each end by equipment
7 whosge
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whose impedance is 600 ohms, the nominal characteristic impedance
of such circuits, whilst equipment terminating carrier cable (for
example, a cable carrier system) has an impedance of 135 ohms, the
nominal characteristic impedance of such cables. Because of this
fact, measurements of db loss or gain over such circuits can be
carried out by means of voltage or current measurements and the
application of the formilae derived in Paper No. 1 of Long Line
Equipment I.

Voltage Input
Voltage Output

Current Input
Current Output’

db loss or gain = 20 logjg = 20 logjo

Fig. 6 illustrates the method using voltmeters, the measurement
being the loss produced by an aerial line having a nominal charac-
teristic impedance of 60C chms.

60072 5V
v =~
OSCILLATOR sV €00
1oV

FIG. 6 - MEASURING LINE LOSS USING VOLTMETERS.

The impedance of the oscillator is 600 ohms, as 1s the termination
at the distant end of the line. The voltages indicated in Fig. 6
are for explanatory purposes only and may not represent any set of
conditions encountered in practice. The oscillator voltage is
assumed to be 10 volts, half of which is dropped across the 600
ohm internal impedance of the oscillator, the other half being
applied to the 600 ohm line and termination, as indicated by the
voltmeter at the sending end. The voltmeter at the distant end
indicates 1 volt across the 600 ohm termination, so that the line
loss would be -

5 volts

db loss = 20 loglo -]_——%—i—t-—

= 20 logipo 5
= 20 x 0.69897
= 14 db (approximately).

Exactly the same result would be obtained by connecting milli-
ammeters in series at the sending and receiving end. The current
read at the sending end would be -

10 volts
1,200 ohms

because the generator voltage is sending current into its 600 ohm
internal impedance and the 600 ohm impedance of the line.

/ The
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The current at the receiving end would be -

1 volt
60C ohms
10 volts
. 1,200 ohns
. = et Kot )
. . db loss 20 logip "1 volt_
600 ohms

10 600
=20 1og10 7550 X T

= 20 x 0.69897
= 14 db (approximately).

7.3 The power level in db above or below a zero reference level can
be read directly from a vocltmeter or ammeter calibrated to
read db above and below a centre scale reading, which repre-
sents zero reference level, instead of being calibrated to
read volts or amperes. For example, if zero level in Fig. 6
is 1 milliwatt, then the voltmeters could be designed to give
a centre scale reading of 0.7746 volt, this being the voltage
across 60C ohms when 600 ohms is absorbing 1 milliwatt of
power. This centre scale reading could be marked zero. As
the amount of power zpplied to 600 ohms increases, the voltage
across it increases, thus causing the meter to read above zero.
Conversely, as the amount of power applied to 60C ohms de-
creases, the voltage across it decreases, thus causing the
meter to read below zero. As an example, a power of C.25
milliwatt would produce a voltage of 0.3873 across 6CC ohms.

A power ratio of 1 milliwatt to 0.25 milliwatt is 6 db, so
that the scale reading produced by the C.3877 volt would in-
dicate -6 db. Ammeters would be calibrated to indicate the
zero or centre scale reading on 1.291 milliamperes, this bteing
the current through 60C ohms when absorbing 1 milliwatt.

7.4 When a db meter calibrated to a zero of say 1 milliwatt into

600 ohms is used to measure the power in impedances other than
600 ohms, incorrect results will be obtained unless necessary
adjustments are made. For oxample, 1 milliwatt into 150 ohms
represents a voltage of 0.3873 across the 150 ohms or a current
of 2.582 milliamperes through it. Thus, a db meter calibrated
on a voltage basis to a zero of 1 milliwatt into 600 chms
would read -6 db instead of zero. This means that, when using

/ a
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a db meter calibrated to a zero of 1 milliwatt into 600 ohms
for reading power levels in 150 ohm circuits, 6 db would have
to be added to all readings. For other impedances, the factor
to te added or subtracted would, of course, depend on the
impedance. Similarly, a db meter calibrated on a current tasis
to a zero of 1 milliwatt into 600 ohmg would read +6 db when
connected in a 150 ohm circuilt where the power is 1 milliwatt,
as the current would be 2.582 milliamperes. Thus, 6 db would
have to be subtracted from all readings. Another solution is
to employ matching transformers. For example, by connecting a
transformer having an impedance ratio of 4 to 1, which mesus a
turrs ratio of 2 to 1, as in Fig. 7, a 4b meter calibrated on
a voltage basis to a gero of 1 milliwatt into 600 ohms can be
used to read directly the powers in 150 ohm circuits.

I

| | d
' N b METER
o o-3873V lo-
o ' 150 \° 1746V ZERO=1mW INTO eoo™
|

|
¥

1:2 TURNS RATIO
TRANSFORMER

TRANSFCRMER USED WITH db METER.

FIG. 7.

7.5 Vhen an ordinary ammeter cr voltmeter instrument is used s a db
meter, the scale divisions become closer with increased values
below zero. This can be seen by considering a db meter
calibrated on a voltage basis to a zero of 1 milliwatt into
600 ohms. A zero reading will be obtained on C.7746 volt. If
the voltage is now doubled, the power will be 4 milliwatts,
because power is proportional to the square of the current or
voltage, or a current or voltage increase. Thus, doukling the
voltage produces a reading of +6 db, and halving the voltage will
produce a reading of -6dbt. In other words, a change of reading
from zero to +6 db is produced by a voltage increase of 0.7746
volt, whilst a2 change of reading from zero to -6 dt is produced
by a voltage decrease of 0.3873 volt. To provide a uniform
scale, the width of the air-gap between the pole pieces and
moving coil of a db meter varies from a maximum when the meter
is reading its maximum to a minimum when the meter is reading
1ts minimum.

/ Fig. 8.
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Fig. 8 chows a comparison between a meter with a uniform air-gap
and one designed so that the flux across the air-gap increases
towards the position of minimum reading.

+
(a) With Normal Air-Gap (b) With Varying Air-Gap
and Uneven Scale. and Even Scale.

DECIBEL METERS.

FIG. 8.
{
Because of the air-gap becoming smaller as the coil moves from
the +5 position to the -5 position of Fig. 8b, the flux in-
creases correspondingly, thus causing smaller increments of
current or voltage to produce approximately equal movements of
the moving coil and, therefore, approximately equal scale readings.

8. DETECTOR AMPLIFIERS.

8.1 Some of the A.C. measurements made on lines and equipment are
such that precise values of current, voltage or power are not
necessary. For such measurements, an indicating device only is
required, the measurements being carried out on a comparison
basis. The indicating device can be a meter or a pair of head-
phones.

8.2 For voice frequency measurements, headphones alone can be used,
preceded by an amplifier if the level of the signal is too low
to produce enough output from the headphones. For frequencies
above the V.F. range, it is necessary to reduce the signal fre-
quency to within the V.F. range before applying it to headphones,
where such are used, and, in cases where the signal level is
very low, it is necessary to amplify it before the frequency
changing process takes place. Also, in many cases, headphones
are not convenient, and meters are required. These requirements
have led to the development of Detector Amplifiers which perform
the following functions -

(1) Amplify signals so that they will produce an appreciable
indication on a meter or from headphones.

(i1) vhen headphones are used, to provide a method of lowering
the frequency of high frequency signals to a frequency
within the V.F. range so that they can be heard. / (iii)
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(iii) When a meter is used, to rectify the signal after ampli-
fication so that the resultant D.C. can provide an
indication on a D.C. meter.

(iv) When it is necegssary to gain an indication of the ampli-
tude of some particular frequency from a number of fre-
quencies present simultaneously, to reject all unwanted
frequencies and accept only that required. This is
done by tuning the detector amplifier.

Some of the detector amplifiers used for A.C. tests will now be
briefly described.

8.3 The 7400 (1A) Detector Amplifier. This Detector Amplifier is a
thermionic valve device for detecting and indicating, aurally
or visually, alternating currents, the frequencies of which are
above 3,000 c/s. It is designed primarily for use in making
crosstalk and impedance measurements on lines over the carrier
frequency range up to 50,000 ¢/s. This detector amplifier must
ordinarily be employed in a comparison measuring circuit, since
it is not a calibrated indicator.

When used for aural reception, the apparatus functions as a beat
frequency or heterodyne detector, and the presence of the high-
frequency current applied to the input is made known by a note
of audible frequency in a telephone receiver, produced by beat-
ing with a local oscillator included in the circuit. When used
as a visual indicator, the high-frequency current is made
evident by the deflection of a meter in the anode circuit of a
rectifier valve. The change from one function to the other is
accomplished with a single key switch.

The set has greater sensitivity as a heterodyne detector than as
a rectifier. In the first capacity, the gain varies somewhat
with the frequency, but, in general, it may be said that an
input of 0.5 micro-ampere at any frequency in the carrier range
is sufficient to cause an audible note in the telephone re-
ceiver. When acting as a rectifier with full gain, the rela-
tion between input current and rectifier current will be
approximately as shown in the following table -

Frequetiey Input Required to Produce a Rectified
Current of 0.5 Milliampere.
3,000 15 micro~amperes.
5,000 19 micro-amperes.
10,000 45 micro-amperes.
30,000 290 micro-amperes.

/ The
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The input circuit of the detector amplifier is balanced to
earth, and has an impedance which is practically constant at
600 ohms over the entire carrier frequency range up to 50,000

e/s.

Description of Circuit. When used as a detector (as shown in
Fig. 9a), the circuit consists of an input tuned circuit, a
single stage of carrier frequency amplification, an oscillator,
a detector and a single stage of audio frequency amplification.
The potential of the carrier frequency impressed upon the tuned
circuit is controlled by a potentiometer in the input. The
potentiometer works into the tuned circuit through a transformer
which is shielded and balanced. The tuned circuit employs the
principle of simple resonance and uses three coils to cover the
frequency range satisfactorily. A switch mounted on the face of
the detector selects the ccil which is to be used. The first
valve in the circuit, the carrier frequency amplifier, is con-
nected across the condenser of the tuned circuit.

The local oscillator consists of a simple thermionic valve cir-
cuit with the frequency controlled in the usual way by the con-
stants of its feedback circuit. An adjustable resistance is
used in series with this feedback, in order to maintain the out-
put at a reasonably uniform value throughout the erntire fre-
quency range.

When the unit is used as a detector, the output of the oscillstor
is fed into the detector valve through the secondary winding of
a transformer, whose primary is coupled directly to the output

(b) Used as a Rectifier (Visual).

DETECTOR AMPLIFIER (7400-14).

FPIG. 9.

of the carrier frequency amplifier valve. RECEIVER
‘ CARRIE
o | agete, TRt e [ =3
‘ _ AMP, DETECTOR :
0SsC.
(a) Used as a Detector (Aural).

PO D.C. METER

TUNED I1ST STAGE 2ND STAGE
INPUT { eipcuit CARRIER CARRIER RECTIFIER AN
Ot FREQ.AMP, FREQ. AMP.
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The frequencies resulting from the modulation in the detector
valve are ther passed on to the final valve, an audic frequency
amplifier, and thence through a transformer into the telephone
receiver. The output side of this transformer is of low imped-
ance, s0 as to allow the efficient use of the telephone re-
ceiver which is part of an ordinary headset.

The high frequency components of modulation are by-passed by
the 0.02 UF condenser which is shunted across the output trans-
former, and, therefore, doc not affect the receiver.

When in use as a rectifier (see Fig. 9%t), the oscillator circuit
is cut off, the detector valve is converted into a second stage
carrier frequency amplifier and the last valve acts as a recti-
fier.

8.4 The ¢A Detector Amplifier. {See Fig. 10.) This detector ampli-
fier is designed to cover the frequency range up to 150 kc/s.

A gain-frequency characteristic flat to within very close

limits is attained. This feature, combined with the flat out-
put-frequency characteristics of the 17B oscillator, facilitates
measurements and the speed with which they can be carried out.
From the viewpoint of cpen wire measurements, it suffers the
disadvantage of being untuned. Portatility is considerably
benefited by the inclusion of self-contained anode and filament
batteries.

Voltage amplification is provided by a two-stage amplifier
feeding a diode rectifier, with the valve of a valve voltmeter
across the load resistance. The indicating meter in the anode
circuit of this tube is calibvrated to read in db. The scale is
large and open and calibrating facilities are provided. The
uniform gain-frequency characteristic is based upon two resist-
ance-capacity coupled pentode stages, in which the circuit con-
stants have been proportioned in such a manner as to achieve
the desired uniformity as distinct from maximum gain and voltage
output.

The rectifier-valve voltmeter section is so designed as to pro-
vide a rectified output that varies in logarithmic fashion,
giving an approach to a linear db scale on the indicating meter.
Another feature of considerable practical value is the current
limiting action of the vacuum tube voltmeter circuit that pro-
vides extreme compression of the meter range near to maximum
deflection, so that, irrespective of input to the amplifier, the
meter needle cannot go off scale.

Sensitivity is such that an input of approximately 53 db below

1 mW will cause the indicating meter to read zero 07 %he sggle
ig.
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with the gain control set to maximum. This sensitivity holds
with frequency from 5-150 kc¢/s within limits of 10.25 db, pro-
vided the filament voltage is adjusted to the correct value and
the anocde voltage is maintained above an indicated minimum.
Provision is made for the indicating meter to function as a
voltmeter across the filament and anode batteries.

Input Impedance. The 2A Detector Amplifier has been designed
with operation on 135 ohm circuits as the prime consideration,
although the input transformer also provides a 600 ohm input
impedance. The 135 ohm input is maintained to within some

*2 ohms from 5-150 ke/s, giving a reflection coefficient of
better than 17. The nominal 600 ohms input impedance, on the
other hand, for the particular instrument tested is ncwhere
better than 490 ohms, the worst value being 403 ohms at 100
ke/s, the reflection coefficient in this case being 20%. This
figure can be considerably improved by the addition of suitable
series resistance. To change from 135 ohms to 600 ohms input
impedance, the leads connected to tappings of the input trans-
former primary are unsoldered and connected to the extreme ends
of the winding.

Ag stated above, a reading of zero on the meter scale is obtain-
ed for an input of ~53 db. The calibration extends downwards to
-4 Dbelow zero, at which point the needle falls off scale.

8.5 The 3A Detector Amplifier. This Detector Amplifier provides an
input circuit having either an untuned or a highly selective
characteristic as required. In both cases, the indication is
visual, although headphones can be used for the audio-range.

Ag a selective amplifier, the input is continuously tunable
over the range 750 c/s to 350 ko/s. The range is covered with
five switched tuning coils tuned by fixed decade condensers in
conjunction with a variable condenser. The amplifier consists
of three resistance-capacity coupled stages feeding a balanced
valve detector and a D.C. indicating meter. The selective
circuit can be switched into circuit between the secondary of
the input transformer and the first amplifier valve.

The detector is in the form of a bridge, as shown in Fig. 11.

Two similar triodes function ag two equal arms of the bridge

and two resistances as the remaining two arms. The indicating
meter 1s connected across the valve anodes and reads zero when
the bridge is accurately balanced by adjustment of the resist-
ance arms. One valve functions as a balance only, and has its
grid connected to earth. The second valve functions as a grid
detector, rectifying the amplified signal. This rectification
brings about a change in anode current which upsets the bridge

/ balance
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balance and causes a deflection ¢f the indicating meter. There
is no effect, as in the 2A Detector Amplifier, to limit the
meter needle swing, and the very high gain of the amplifier re-~
quires considerable care if the meter needle is to escape
damage.

B+

TO BALANCE BRIDGE

OUTPUT FROM
AMPLIFIER

CIRCUIT OF BRIDGE TYPE DETECTOR IN 3A DETECTOR AMPLIFIER.

FIG. 11.

The selective circuit operates on the dynatron principle and,
while rather critical of adjustment, provides selectivity of a
high order. The operation of the circuit depends upon the neg-
ative anode resistance characteristic of a screen-grid valve
operating with anode voltage lower than the screen voltage.
With a resonant circuit connected into such an anode circuit,
the resistance of the resonant circuit can be reduced with
marked increase in selectivity. In the 3A Detector Amplifier,
the negative anode resistance of the valve and, consequently,
the selectivity can be controlled by varying the grid bias.
Maximum selectivity is obtained where the equivalent series re-
sistance of the negative anode resistance is equal to the
effective series resistance of the resonant circuit at the
resonant frequency. This condition satisfies the requirements
for oscillation to commence, so that, for maximum stable selec-
tivity, it is necessary that the "Selectivity Control" be care-
fully adjusted to bring the circuit to oscillation, and then
brought back to a point just below that at which oscillation
ceases.

/ Figs.
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Fig. 12a and 12b compare the tuned and untuned conditions.

-t

g 1sy SYAGE OF
b 3 AMPLIFIER
INPUT &
$
(a) Untuned Condition.
SCREEN GRID VALVE TUNED

OPERATING AS DYNATRON CIRCUIY

— === —— ]

< of
P 3 A "
,NPUT 4’ ) q vy vy 'IH" Eh
$ 130V. € TOGRIDOF
-l $ Isr AMPLIFIER
- [ VALVE AS
d ™ (@)
= =

(b) Tuned Condition.

(Dynatron and Tuned Circuit inserted between Input
and lst Amplifier Stage.)

INPUT CIRCUIT OF 3A DETECTOR AMPLIFIER.

FIG. 12.

Sensitivity. In the selective condition, the sensitivity is
dependent upon care in the adjustment of the "Selectivity Con-
trol." It is given by the makers as mid-scale meter deflection
for an input 110 db below 1 mW. TUsed with an untuned input,
the sensitivity is some 80 db. This is considerably higher
than that of the 2A Detector Amplifier.

The gain-frequency characteristic in the untuned condition falls
by approximately 2 db from 1 kc/s to 150 ke/s.

Q / 9.
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9. INPEDANCE BRIDGES.

9.1 As has been discussed in other Papers of this Course of Technical
Instruction, a Wheatstone Bridge is the most accurate and con-
venient method of determining the values of unknown resistances.
This also applies to determining the values of unknown imped-
ances. In determining impedances, however, phase angles have
to be considered as well as magnitudes, so that the variable
arm of the bridge should contain reactance as well as resis-
tance. To illustrate this point, Fig. 13 is included.

RESISTANCE BRIDGE USED TO MEASURE IMPEDANCE.

FIG. 13.

It might be thought that, when a = b, the bridge will balance
when R equals the magnitude of Z. Such will not be the case,
however, because, even though both Z and R be, say, 1,000 ohms,
the current through b and R will be in phase with the voltage
applied across them from the generator, whilst that through a
and Z and through b and R are not equal. Thus, some voltage
difference always exists between points X and Y, so that the
bridge will not balance. The solution is to connect a variable
condenser in series with R, so that the phase as well as the
magnitude of Z will be taken into account. The bridges employ-
ed in practice are either "Series" bridges, which means that the
resistance and reactance in the variable arm are in series, or
"Parallel" bridges, which means that they are in parallel. The
bridge in Fig. 13 is a series bridge.

/ 9.2
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9.2 The bridges used for impedance measurements on long line equip-
ment employ a resistance and a capacity in the variable arm.
If an impedance with an inductive reactance is being measured,
the bridge will not balance with a capacity in the adjustable
arm. Provision is made in the bridges to move the capacity
from the adjustable arm into the arm under test, as in Fig. 14.

MEASUREMENT OF IMPEDANCE WITH INDUCTIVE OR PCSITIVE REACTANCE.

FIG. 14.

A balance will now be obtained when the capacitive reactance of
the bridge condenser equals the inductive reactance of the imped-
ance under test, and the resistance in the variable arm equals
the resistance in the impedance under test.

Some of the bridges used for impedance measurements on long
line equipment will now be described.

9.3 The 4 A Impedance Bridge. The 4A Impedance Bridge is a testing
unit designed to measure the impedance of lines, filters, coils
and other apparatus, which is associated with, or part of, tele-
phone or telegraph systems. The bridge is satisfactory for
measurements of impedancesbetween 50 and 10,000 ohms over a
range extending from 200 ¢/s to 35 ke/s. The bridge is of the
hybrid coil type, and is arranged for connecting an unknown
impedance to one side of the coil and balancing against a known
adjustable impedance (resistance and capacity) on the other
side. A hybrid coil arrangement is used because of the low
losses produced by such coils as compared with the losses
produced by a bridge with resistance arms. The known resis-
tance is controlled by four dial switches, as shown in the

/ panel
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panel arrangement of the bridge, and is variable from O to
11,110 ohms in steps of 1 ohm. The known capacity is adjustable
by four similar dial switches, and ranges from O to 11.11 uF in
steps of 0.001 uF. A variable air condenser with a maximum
capacity of 1,500 puuF allows for fine adjustment. Fig. 15 illus-
trates the face equipment of a 4A Bridge.

RESISTANCE

588
Q ™ &

O x Q0O

~{ VARIABLE Y
\CONDENSER

FIG. 15 - 4A IMPEDANCE BRIDGE PANEL ARRANGEMENT.

The unknown impedance and the known adjustable impedance are both
connected to the hybrid coil through a set of three switches,

and Fig. 16 shows five of the nine possible circuit connections
which may be effected with the bridge by means of these switches.
The switches "X", "RES" and "CAP" are operated to the positions
shown at the right of each sketch to obtain the particular com-
bination desired. These switches are also shown on the panel
arrangement drawing. The first of these switches "X" controls
the location in the circuit of the unknown impedance, and it may
be operated to either the A or B side of the hybrid coil. The
second switch marked "RES" governs the location of the adjust-
able resistance. The "RES" key may be operated to either the A
or B position of the hybrid coil, and, in the mid-position, is
connected to a separate pair of terminals. The third switch
marked "CAP" performs the same function for the adjustable
capacity.

When making line measurements, screened transformers are re-

quired in the A and B arms to prevent longitudinal currents

affecting the hybrid coil and producing errors in readings.
/ Transformers
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1 ratio and are provided with

electrostatic screens which must be earthed.

The measuring current is supplied by an oscillator connected to

the input terminals.

The receiver is used as an indicator at

audio frequencies, and-a detector amplifier is used at carrier
frequencies.
not be heard in the receiver, or the meter on the detector ampli-
fier will read zero with meximum gain.

When a condition of balance is obtained, tone will

The bridge will read values of resistance, capacity and impedance
with positive and negative angles.
the centre position, terminals A and B are connected to the hybrid

coil, as shown in Fig. 1l6a.

Terminals X are disconnected.

With switches X, R and C in

Resisg-

tance and capacity standards are connected to their respective

terminals.

added.

9.2 Measurements.

This permits additional resistance and capacity being

To measure Resistance (see Fig. 16b), the resistance

standards switch, R is operated to B side, and the unknown resis-

T INPUT j

A Eﬁt:: b
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L
RES. CAD.
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I INPUT j
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\jo Oy Ole
X
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A 3 A 3 A
XO Oi@ 0(0/

X RES. CAP.
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A B A B A 8
\j | | j/ | j/
X RES. CAP.
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A -3 A 3 A 8
X o4 Q j/7 \i [o]
X RES. CAP
FIG.€ IMPEDANCE WITH POSITIVE ANGLE

SOME COMBINATIONS ON 4A TNPEDANCE BRIDGE.

FIG. 16.

tance switch, X, is operated
to A side. Switch C remains
in centre position.

To measure Capacity (see Fig.
16 c), the capacity stand-
ards switch, C, is operated
to B side, and the unknown
capacity switch, X, is oper-
ated to A side. Switch R re-

mains in centre position.

To measure Impedance with
negative angle (see Fig. 16d),
the regsistance standards
switch, R, is operated to B
side. Registance and
capacity standards are con-
nected in series on the B
side of the hybrid coil.
Switch X is operated to A
side, and the unknown imped-
ance is connected to the A
side of the hybrid coil.

If, say, a condenser is being
measured and the condenser
has a resistance component,
work will be done on the re-
sistance which also slows up
the rate of charge and dis-
charge of the condenser.

When balancing, some/yalue
of
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of resistance must be added in series with the capacity standard
to produce the same phase angle on this arm of the bridge as on
the unknown arm. Otherwise, no matter how finely the capacity
standard was varied, it could not produce a balance, as the
currents in each half of the bridge, although equal, would not
rige and fall in unison. The capacity standard arm would be at
90 degrees for all values, but the unknown would be at some value
less than 90 degrees.

In making measurements, the resistance standard is first set at a
low figure, about 10 ohms, and the capacity standard is varied
until the point of lowest tone is reached, indicating that the two
capacitieg are fairly closely balanced.

The resistance standard is now increased or decreased until a
lower value of tone is heard, and a finer balance is made on the
capacity standard. Adjustment of capacity and resistance is con-
tinued until the point of no tone is obtained. Then -

Reactance X = ;L

wC

where w = 2rrf
and C = capacity reading in farads.

The resistance reading obtained equals the Effective Resistance of
the combination at the measuring frequency.

Example. If frequency = 1,000 c/s, reading of capacity = 2 UF and
reading of resistance = 60 ohms, find the impedance and angle.

. 11 1 x 106
eactance = == = 5w T 5y 3.14 x 1,000 x 2
6 6
1 x 10 = 119 = 80 ohms.

~ 6,280 x 2~ 12,560

VB2 + X2 = 602 + 802

Impedance Z

it

= N10,000 = 100 chms.

=1 X -1 80

Angle © = tan = ¢ = tan e
- tan " 1.3 = 53°8!

and Z = 100 ohms /53°98' ohms

To measure Impedance with positive angle (see Fig. 16e), operate
resistance standards switch, R, to B side, capacity standards
switch, C, to A side and impedance to be measured, switch X, to A
side. Resistance standards are connected to B side of hybrid coil,
and capacity standards are connected in series with unknown imped-
ance on A side of hybrid coil to neutralise the inductive reactance
component of the impedance. The capacity standard must be adjusted
to establish a condition of resonance, that is, the inductive re-
actance is balanced by the capacity reactance. In this condit}on,
the
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the e.m.f. and current are in phase, and the only component acting
in the resonant arm is pure resistance, which can be balanced at
the B arm by the resistance standards. It is not possible to
obtain a full balance until a state of resonance ig obtained on
the A side. In meking a measurement, the resistance standard is
first set at a low figure, say, 10 ohms, and the capacity varied
until the point of lowest tone is reached. This is an indication
that the inductance and capacity are being matched. Adjust resis-
tance standards for lower value of tone, and capacity standards
until point of no tone is reached. If the ohmic resistance of the
circuit being measured is known, the resistance standards can be
set about this value, simplifying the balance.

At resonance, the positive reactance equals the negative reactance,
that is -
il

WL P
wC

where C = capacity reading in farads.

An impedance with an effective resistance of 60 ohms, positive re-
actance 100 ohms and negative reactance 100 ohmg would be 60 chms
zero angle.

+ X = 100 ohms = WL
R
60 ohms 1
- X = 100 ohms = oC

Impedance offered by circuit is -

7 = NX° + R

where R = effective resistance (R reading on bridge),
and X = reactance.
To find Inductance -
1
At resonance, WL = el
cored
w=C
where L = inductance in henrys,
w = onf,
and C = capacity readings in farads at resonance.
Example 1.
Frequency = 1,000 c/s.

Capacity arm = 2 LF.
Resistance arm 60 ohms.

80 ohms.

1
Reactance-aa

Impedance 2 Zg

W

100 /53°8' ohms.
/ Example 2.
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Example Z.

A 50 + 50 ohms high impedance "A" relay, both windings connected in
series-aiding, is balanced on the bridge with the following readings -

R = 3,078 chms, C = 0.0187 yF, f = 1,000 ¢/s.
Find (i) Reactance of windings,

(ii) Impedance offered at 1,000 c/s, and
(iii) Inductance.

1
) A _ 4
(1) t resonance, wL o
Positife Resct - L
. Positive Reactance = oC
B 1 B 1
B -6 -10
6,280 x 0.0187 x 10 6,280 x 187 x 10
_10,000,000,000
© 6,280 x 187

= 82515 ohms.
NX2 + R¢

= N8,515¢ + 3,078°

I

(i1) Impedance Z

= 9,054 ohms.

(531)  Thductence!l = —

1
W' C  4mf f£oc

1
39.4 x 1,000° x 0.0187 x 10

6

1

39.4 x 10° x 187 x 10”

1 10t x 10
55.4 x 187 x 10-% ~ 394 x 187

10

10° 100, 000

394 x 187 = 7%,678

= 1.3 henrys.

/ 9.3
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9.% The 5A Impedance Bridge (S.T.C.). This bridge is designed for
impedance measurements up to 150 kc/s, and employs a parallel
resistance~capacitance balancing circuit instead of the series
circuit employed in the 4A bridge described above. Fig. 17
shows a picture of the bridge, whilst Fig. 18 shows scome possible
measuring conditions, the different circuit arrangements being
brought about by the operation of keys.

The bridge is of the balanced hybrid-coil type and has R and C
components reading to 11,111 chms (minimum steps of 0.1 ohm) and
1.111 pF (minimum steps given by air condenser calibrated in

UF x 10) respectively. The components are double-screened, and
the hybrid coil exhibits a high degree of balance to earth in
respect both of the ratio arms and the "Unknown'" terminals. The
capacity standards are wired permanently on one side of the
hybrid coil, the residual capacity being balanced out with a
trimming condenser on the opposite side (see Fig. 18). The un-
known impedance and the resistance standards are interchanged
about the two sides of the hybrid for change of sign in the re-
active component by operation of the two keys marked X and RES
regpectively.

9.4 W.E. 5A Impedance Bridge. (See Fig. 19) This bridge is designed
for the measurement of both Impedance and Return Loss. It
differs from the S.T.C. bridge in being of the resistance ratio
arm type, as distinct from the more common hybrid coil arrange-
ment. The ratio arms consist of four pairs of equal resistances
with the "known" and "unknown" impedances connected between the
mid-points of the opposite pairs.

One decade only and a slide wire take care of the restricted R
range of 1,100 ohms. This value can be effectively extended by
the expedient of switching a 1,000 ohm resistance in shunt
across the "unknown" terminals. The C range is also rather re-
stricted, having a maximum capacity of 0.111 pF contained in two
decades and an air condenser. Each operation of the CAP. STD.
key places a small variable balancing condenser across the side
of the bridge opposite to that occupied by the capacity stand-
ards. Operation of an UNBAL.-BAL. key provides either unbal-
anced or balanced operating conditions.

For measurement of negative angle impedance, both the resistarnce
and capacity standards are connected to the S7-Sp ("known") side
of the bridge by operating the RES. STD. and CAP. STD. keys to
the $3-Sp position. The RES. &ID. key remains at S57-S, for pos-
itive angle measurement, but the CAP.STD. keys are set to Xj-Xo
(connecting to the "unknown" side of the bridge). This causes
some change in zero balance conditions and requires that sep-
arate zero balancing be carried out for change of sign in the
measured impedance.

/ Fig. 17
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FIG. 18 - 5A BRIDGE SCHEMATIC OF TESTING CONDIT IONS.
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9.5 General Notes on Series and Parallel Bridges. When accuracy is
required, the capacity between the earth and the components in
the balancing arm of an A.C. bridge must be taken into account.
Figs. 20a and 20b show the capacity to earth cbout the ends of a
resistance, to which an alternating voltage is applied, for two
positions of this resistance with respect to the earth.

CAPACITIES TO EARTH.

FIG. 20.

From Fig. 20, it will be seen that the resistance is shunted by
twe capacities to earth in series, and that, as the position of
the resistance with respect to the earth changes, the shunt capac-
ity changes. This will mean that the resistance is shunted by a
capacitive reactance, which varies with the positicn of the re-
sistance with respect to earth. If the capacity to earth is made
independent of the position of the resistance with respect to the
earth, corrections can be made in the calibration of the bridge
to take into account the effect of this fixed capacity. This is
done by enclosing the bridge components in metal cans, called
"screens,'" which are earthed. The effect of the screen on the
resigtance of Fig. 20 is indicated in Fig. 21, from which it
will be seen that the capacity between the resistance and the
screen, wWhich is the capacity between
% the resistor and earth, is independent
of the position of the resistor with
respect to the earth. Further, the
screen equalises the capacities to

[ < ] earth. This screening is also ex~
TV VUN tended to the leads connecting the
Lé """'* 1 various components together. The 44
- 2 and 5A bridges described previously
SCREEN _l_ employ fairly elaborate screening
- arrangements because of the number of
EFFECT OF SCREEN. components employed, but the reasons

for this screening are the same as
those outlined above, that is, to
equalise capacities to earth, where
necessary, and to make that capacity to earth independent of the

pesition of the components with respect to the earth. , This
/screening

FIG. 21.
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screening applies not only to bridge components but also to com-
ponents of other testing equipment employed on A.C. measurements.

In Paper No. 4 of Long Line Equipment I, it was pointed out that
the transposition of aerial circuits and the formations employed
in quad cables result in voltages being induced, either
electrogtatically or inductively, across each wire of each cir-
cuit from neighbouring circuits. These voltages act in the same
direction along each wire of the circuit and, if unequal, the
difference between them produces a resultant voltage which is
responsible for sending a disturbing current, evident as cross-
talk or noise, around the circuit (see Fig. 4, Paper No. 4, Long
Line Equipment I). These voltages are called "longitudinal"
voltages, because they act along each wire of a circuit. It was
also pointed out, in connection with Fig. 10 of the Paper men-
tioned above, that equal longitudiral voltages along each wire
of a circuit can cause interference if the impedances to earth
from each wire of a circuit are unequal or unbalanced. The bal-
ancing circuit of a 4A bridge provides an impedance which is un-~
balanced to earth, even though the screening arrangements equal-
ise the distributed capacities and make them independent of the
position of the bridge with respect to the earth. The capacit-
ies present in the series balancing circuit of a 44 bridge are
shown in Fig. 22a, and their arrangement in the bridge circuit

proper is chown in Fig. 22b.
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UNBALANCE TO EARTH IN 4A BRIDGE.
FIG. 22.

An inspection of Fig. 22b will show that the impedances to earth
from each side of the 1line via the hybrid coil windings and bal-
ancing circuit are not equal at any frequency. The impedance to

earth from one side of the line is provided by Rp in series/with
2C
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2C, these, in turn, being in parallel with C, whilst the imped-
ance to earth from the other side is provided by Cr in series
with 2C, these, in turn, being in parallel with C. Thus, with
equal longitudinal voltages on each side of the circuit under
test, unequal currents will flow to earth at the balancing cir-
cuit via the identical windings of the hybrid coil. TUnequal
voltage drops will be produced across these windings, so that,
even though the bridge is balanced as regards the impedance
being measured, an unbalance will be indicated in the phones or
on the output meter of the amplifier. When a balance is obtain-
ed, this balance will not give a true indication of the imped-
ance of the line under test, as it is a balance brought about
not only for the impedance of the line but also for the effect
of the unbalance to earth.

At voice frequencies, the reactances of the capacities to earth,
shown in Fig. 22, are high enough to produce little effect, so
that the 4A bridge can be used as in Fig. 22b for measuring line
impedances at audio frequencies. At carrier frequencies, how-
ever, the reactances of the capacities to earth produce notice-
able effects, these increasing as the frequency is raised. It
is desirable, therefore, to prevent the longitudinal voltages
from sending current into the hybrid coil balancing circuit.
This is done by connecting between the bridge and line under
test a screened transformer, which is accurately balanced about
the centre point of the windings, this centre point being earthed.
By this means, the equal longitudinal voltages on the line will
cause equal currents to flow in the two halves of the line wind-
ings of the transformer, and, as these currents flow in opposite
directions in the two half windings, the resultant flux is zero
and no voltage is induced across the winding to which the bridge
is connected. Fig. 23 illustrates the idea, the principle being
the same as the Phantom Circuit described in Paper No. 4 of Long
Line Equipment I.

LONGITUDINAL CURRENT
AND VOLTAGE

TO BRIDGE LINE

LONGITUDINAL CURRENT
X AND VOLTAGE

=

FIG. 23 - BALANCED TRANSFORMER.

The screen mentioned above is an earthed copper foil with an ins-
ulated lap joint which separates the primary and secondary wind-
ings, or a layer of wire having one end connected to earth. This
screen prevents energy, including that due to the longitudinal
voltages, being transferred between the primary and secondary

/ windings
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windings via the mutual capacity which exists between the wind-
ings. The lines of force of the electrostatic fields produced
by either winding, and which produce the energy transfer via

the mutual capacity, now terminate on the earthed screen instead
of including the other winding. However, even with such pre-
cautions as screened and balanced transformers, the 4A bridge is
suitable for use up to a frequency of only 35 ke¢/s.

Parallel bridges are more satisfactory in respect to balance to
earth. Fig. 24a shows the capacities to earth about the ends of

the components in the balancing circuit of a parallel bridge,
whilst Fig. 24b shows the combination in a bridge circuit proper.
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CAPACITIES IN PARALLEL BRIDGE.

FIG. 24.

The capacities C about the ends of the balancing resistor Ry are
equalised, as are those about the ends of the balancing condenser
Cpy the network so formed being balanced to earth.

10. ATTENUATORS.

10.1 Many A.C. measurements necessitate the use of a variable attenua-
tor, that is, one which will introduce known amounts of attenua-
tion into circuits. Such attenuators must produce an attenuation
which is independent of frequency over the range of frequencies
for which they are designed and, therefore, are constructed of
non-inductive resistances. The characteristic impedance of the
attenuators should match that of the circuits in which they are
to be used, for example, 600 ohms for aerial circuits or 135 ohms
for cable circuits. Further details are given in Long Line
Equipment I, Paper No. 3.
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11. TRANSMIS"ION MEASURING SETS.

11.1 The speed at which transmission tests can be made and the sim-
plicity of the circuit set-up required to perform those tests
are important features, particularly with regard to field
testing. TField tests are frequently made from such points as
cable head poles, jointing or loading pits, and so on, and
testing equipment for use at such situations must be robust
and capable of being set up in a confined space. Further, as
many tests, for example, insertion loss, crosstalk and imped-
ance, are encountered time and again, it is desirable to make
a2 single item of testing equipment perform as many of these
tests as possible. Transmission Measuring Sets have been
developed for this purpose, those described in the following
paragraphs being the A.P.0. Transmission Measuring Set and the
30A Transmission Measuring Set.

11.2 The A.P.0O. Transmission Measuring Set. The A.P.O. Transmission
Measuring Set comprises an 800 c¢/s oscillator and a loss and
level meter calibrated in db to a zero of 1 milliwatt into 600
ohmg. A schematic circuit is shown in Fig. 25.

The oscillator unit is a Hartley circuit containing a 6J7 valve
connected as a triode, that is, with the anode and screen and
suppressor grids connected together. The output of this os-
cillator is taken to a pair of jacks, labelled "Send," via an
attenuator, labelled "Adjust," and a three position key. When
this key is in the normal position, the oscillator is connected
to the "send" jacks via the "adjust" attenuator. In the
"adjust" position, the output of the oscillator is connected

to the meter via the "adjust" attenuator, by means of which
attenuator the output level from the oscillator may be adjust-
ed. When the output is adjusted to zero (1 milliwatt into 600
ohms), the operation of the key to the "-40 ab" position
applies a level of -40 db on 1 milliwatt into 600 ohms to the
"send" jacks, as the operation of the key to the "-40 db" posi-
tion connects a 40 db pad between the "adjust" attenuator and
the "send" jacks. The output impedance of the oscillator is
600 ohms.

The loss and level measuring circuit consists of a two-stage
amplifier employing negative feedback. Two resistance coupled
6J7 valves are used, the first stage as a pentode and the
second stage as a triode.

The meter is connected in a bridge rectifier circuit and forms
part of the feedback circuit. A range switch controls a resis-
tance potentiometer connected across the secondary winding of
the input transformer, and varies the sensitivity in 10 db

/ Fig. 25
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steps from +30 db to -20 db. A two position key merked "Loss-
Level" enables a 600 ohm termination to be provided in the "Loss"
position. 1In this position, the set measures the power absorbed
by this 600 ohm resistance in terms of the voltage across it.

The calibration of the meter is, of course, in db. In the
"Level" position, the input impedance is about 20,000 ohms, so
that levels can be read without the presence of the set affect-
ing the currents and voltages in the circuit under test.

The set is designed to operate from a 130 volt anode supply and
a 24 volt filament supply.

11.3 The 30A Transmission Measuring Set. (See Fig. 26.) The 30A
Transmission Measuring Set is a portable and specialised version
of a "Test and Adjust" circuit used for the measurement of gain
and loss. It has been developed primarily for use with "J" (Open
Wire) and the "K" (Cable) type carrier equipment, and on that
account all the incorporated circuits are of 135 ohms impedance.
For measurements on 600 ohm circuits, two screened and balanced
transformers are included, having good frequency characteristics
to 150 kC/S, although the loss-frequency characteristics are
such as to require correction with frequency for the gain or
loss measurements concerned.

The attenuators in the set enable gain measurements of about 90
db to be made, though with certain limitations it is possible to
extend the measurement range to 120 4db.

Loss measurement is limited for each case by the maximum permiss-
ible input to the circuit under test, but, by recourse to the 24
amplifier detector in place of the thermo-couple meter, losses

of considerable magnitude can be measured.

This measuring set consists basically of an input and output
measuring circuit, separated by a comparison circuit consisting
of two separate paths selected by a four pole, double~throw,
"Test-compare" key. The input circuit consists of jacks for
connection to the source of test current, and a finely graded
potentiometer for adjustment of the current. The output circuit
consists of a thermo-couple measuring circuit with inbuilt
facilities for calibration, and preceded by three 10 db pads for
protection. These pads are progressively removed from the
circuit by separate non-locking keys. A variable attenuator is
included in one of the two comparison paths. Jacks have been
int erposed through the circuit at points necessary for flex-
ibility.

The scale of the meter is calibrated directly in db referred to

1 milliwatt, and extending from -10 db to +3.4 db with zero at

about mid-scale. Scale accuracy is at its b?st between the
Fig. 26
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limits ¥1 db either side of zero, and each decibel is subdivided
in 0.1 steps, making it possible to follow accurately small in-
crements and decrements of current. Calibration of the measuring
circuit is simple. The calibrating switch is moved to each of
three positions in turn, and the appropriate knob for each posi-
tion is adjusted to bring the meter to zero on the scale.

12. TEST QUESTIONS.

1. State the principal A.C. measurements used in transmission work.

2. What are the important features of oscillators used for testing
purposes?

3. Draw a simple current of a typical testing oscillator.

4. Describe a thermo-couple and give a typical example of its
practical application.

5. Describe, with simple circuit, an impedance bridge.

END OF PAPER.
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1. INTRODUCTION.

1.1 This Paper will deal with some of the A.C. measurements most fre-
quently made on lines and equipment, using the equipment des-
cribed in Paper No. 4 of this book. For some measurements, add-
itional equipment not described in Paper No. 4 is necessary, for
example, when measuring crosstalk a Crosstalk Measuring Set is
necessary. Such equipment is described in the appropriate
section of this Paper.

1.2 liost measurements dealt with are divided into three sections, as
follows -

(i) leasurements made at voice freqguencies.
(ii) lMeasurements at frequencies to about 30 kc/s.
(iii) leasurements at frequencies above 30 kc/s.
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This division is brought about by the way in which the frequen-
cies employed in telephone communication gradually extended up-
wards. Originally, only the V.F. band was transmitted over
lines, and this band did not involve very critical treatment of
circuits to avoid the effects of electrostatic and electro-
magnetic couplings between them, because such couplings do not
cause much trouble at voice frequencies. The introduction of
single and three-channel carrier systems raised the frequencies
to be handled to about 30 kc/s. The use of these higher fre-
quencies necessitated more critical arrangements to eliminate
coupling between circuits and also some changes in testing
equipment and technique.

The introduction of Type J, Type K and 17-Channel Carrier
Systems, with frequencies extending up to 1950 kc/s in the Type J
case, meant even more critical circuit arrangements and testing
technique. Thus, whilst most items of test equipment designed
for the three-channel 30 kc/s upper frequency limit are satis-
factory for V.F. tests, some items do not prove satisfactory at
frequencies much above 30 kc/s. Similarly, some equipment de-
signed for the 150 kc/s upper limit is not altogether satis-
factory over the V.F. range. The fact that much of the testing
equipment has been designed for specific frequency ranges, to-
gether with the necessity for taking precautions over the higher
portions of the frequency range which are not necessary over the
lower portions, leads to the division outlined earlier.

2. MEASUREMENT OF LINE IMPEDANCE.

2.1 It is frequently necessary to measure the Characteristic Imped-
ance versus Frequency of a line, for the purpose of checking
that the measured impedance approximates that calculated from
the primary constants, to extract the primary constants of the
line where they are not available, to check that impedance
irregularities do not exist, and so on.

2.2 The method used is to measure, by means of an impedance bridge,
the impedance of the line from one end with the distant end open
circuited over the frequency range concerned, and then measure
the impedance with the distant end short-circuited. By calculat-
ing the open circuited and short-circuited impedances for each
frequency from the bridge readings and applying the formula

for each frequency, the characteristic impedance versus frequency

of the line will be obtained. Z,. and 74, are the open and short-

circuited impedances respectively of the line.

/ 2.3
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2.3 This formula can be proved by a consideration of the T Section
dealt with in Paper No. 3 of Long Line Equipment I. This T
Section is shown in Fig. 1, together with its open and short-
circuited conditions.

Z1 Z1 Zi r4 _z_!_ _2_1_
T 7 2 z : A
A —WWW-TWW—
> >
—p :D e S ——
Zo :: 22 Zz0 Zoc E: 7.2 zsc Z2
: . Sh
(a) Termination = Zg (b) Termination = Oped (c) Termination = S
Cet. Cet.
T SECTION WITH VARIQOUS TERMINATIONS.
FIG. 1.
From Paper No. 3 of Long Line Equipment I -
7,2
Zo =NZyZy # 7 eeeeaiiaiaaeaaeiaaaay (1)
From an inspection of Fig. 1b -
Z
ZOC ='2; + 22 o)l le)is sl cs)'e] o ol o)islolalaiia] 543 ol ellal slelals (2)
From an inspection of Fig. lc -
Z Al
Zy, = —21- + (Zp in parallel with %)
21
VA —
Z 2
:-—-él—+ ZZ G0 100000080 000000 (3)
ZQ +——l
) 2
) 2
Multiply the second term of (3) by 5 and
21
2, (g, 5) <2
Z == +
sc 2 Zl
(Z2 + zr) X 2
VA Z. 7
ot e e e (&)
e 1+ 22,
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By multiplying (2) by (4) -

212
A — —
Zoc sc Zl Z2 * 4
le 2
7z —_— =
L Zl 2 * 4 Zo
-.o Z 2 =7 Z
o oc sc
v e B = N e alew Be el e 6 e wi (5)
0 oc sc

Equation (5) is the characteristic impedance of the T Section
shown in Fig. 1. This equation also applies to the telephone
line, because a telephone line is made up of a series of such
sections, as was shown in Paper No. 1 of Long Line Equipment I.

2.4 lMeasurement of Line Impedance at Voice Frequencies with a 4A
Bridge. When measuring the impedance of an open-wire trunk line
for the purpose, for instance, of designing a voice frequency
repeater balance-network, the theoretically correct method is to
measure and calculate the characteristic impedance of the line at
each of the frequencies stated below and to terminate the line
in its characteristic impedance for each subsequent measurement.
In practice, however, it has been found that sufficiently
accurate results are obtained by making measurements with the
distant end of the line terminated in a 600 ohm non-inductive
resistance. The distant end of the line is, therefore, term-
inated in 600 ohms, the 4A bridge is connected as shown in Fig.
2 and the oscillator is adjusted to the frequency at which the
required measurement is to be made. (Impedance versus frequency
measurements are made on voice frequency circuits, commencing at
200 ¢/s and proceeding in steps of 100 ¢/s to 2,800 c¢/s.) A
pair of headphones is connected across the terminals of the 4A
bridge designated "DET". The resistance dials and capacity
dials are then adjusted until tone is not heard in the head-
phones, the absence of tone indicating that the bridge is bal-
anced, that is, the resistance and capacity in the variable arms
of the bridge are equal respectively to the resistance and
capacity of the line under measurement. If the line which is
being measured is inductive, the capacity C in the 4A bridge is
connected in series with the line by operating a key associated
with the bridge. The measurements are then continued in steps
of 100 c/s to 2,800 c/s. For each measuring frequency, the re-
sistance in ohms and the reactance in ohms (calculated from the
bridge capacity reading) are recorded in a data book, and, at
the completion of the run, the values are plotted on a graph.
The points plotted on the graph are then joined by means of curvezr,
which form the basis of the design of the balance-network. / Fig. 2
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A typical impedance versus fregquency characteristic for a 40 1b.
cable pair has been illustrated in Fig. 13, Paper No. 1, Long
Line Equipment II.

2.5 Measurement of Line Impedance at Carrier Frequencies with a 44
Bridge. When a 4A bridge is used to measure line impedances at
carrier frequencies up to 35 kc/s, this being the highest fre-

guency for which the 4A bridge is designed, the circuit arrange-
ment shown in Fig. 3 should be used.

Tt AND T2 MUST
BE ACCURATELY
MATCHED.

USE OF 4A BRIDGE TO MEASURE LINE IVMPEDANCE AT CARRIER FREQUENCIES.

FIG. 3.
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Because of unbalances to earth inherent in the 4A bridge, a
screened and balanced transformer 1s connected between the line
under test and the bridge, as discussed in Paper No. 4 of this
book. An identical transformer must be connected between the
balancing circuit and the hybrid as in Fig. 3, so that the
bridge components will measure the line impedance, the trans-
former on the balancing side taking care of that on the line
gide of the hybrid. As the frequency is changed, it is necess-
ary to tune the detector amplifier to the new frequency when a
tuned detector amplifier is used.

When making an Impedance versus Frequency measurement over trunk
lines at carrier frequencies of up to 30 kc/s, it is necessary
to have the line terminated in its characteristic impedance.
This value is determined by making impedance measurements at

3 ke/s, 8 ke/s, 16 ke/s and 30 ke/s, first with the distant end
of the line open-circuited and then with the distant end short-
circuited. The mean value of the four readings taken with the
line open-circuited is then regarded as the open-circuit imped-
ance, that is, Zp., and the mean value of the four readings
taken with the line short-circuited is regarded as the short-

circuit impedance, that is, Zg,.

The formula Zy = MZOC Zge 1is then applied to obtain the average
characteristic impedance over the frequency range concerned.

These measurements are made by balancing the bridge as described
for audio~-frequency measurements. (When a 2A or 3A detector
amplifier is used, a balance is indicated when a minimum reading
is obtained on the detector amplifier meter with the detector
amplifier producing its meximum gain.)

2.6 Interpretation of Results obtained with Series Bridges. In Paper
No.l of Long Line Equipment I, an expression was developed from
which the characteristic impedance of a line at any frequency
could be calculated from a knowledge of the primary constants of
the line concerned. This expression was -

_ R + jwL
Zo = /G rasICREREREPRTRRY s elaniani s s(6)

The characteristic impedances of various classes of line were
worked out using Equation (6) and the primary constants listed
in Table 1 of the above reference, the results being Table 2 of
that reference when the frequency is 8C0 ;/s. The impedance
values in Table 2 indicate that, at 800 c/s, the characteristic
impedances of the various lines listed therein contain a resis-
tive component and a capacitive component.

/ In
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In Table 1 and Fig. 13 of Long Line Equipment II, Paper No. 1,
the calculation was carried a step further, in that the
characteristic impedance of a 40 1b. cable pair was calculated
at a number of frequencies between 200 c/s and 3%,000 c/s, the
results there being expressed in terms of the resistance and
capacitive reactance at each frequency.

If a series bridge is employed to measure the characteristic
impedance of a 40 1lb. cable pair by the "open and short-
circuited impedance" method outlined above, the values of
bridge resistance obtained would be identical with those in
Table 1 of Paper No. 1, Long Line Equipment II, whilst the
reactance of the bridge capacity readings would be identical
with the reactance values of that Table at the frequencies
concerned., At a single frequency, therefore, the impedance
of a telephone line consists of a resistance in series with

a condenser, the values of resistance and capacity being
appropriate to the frequency concerned and the type of line
under consideration. As the equivalent resistance and capacity
of a line change with frequency, a network whose resistance
and capacity change correspondingly would be required, for
example, in the balance network of a V.F. repeater. For this
reason, networks more complex than a single resistance and
capacity are generally required in balance networks, some of
which were illustrated in Figs. 14, 15 and 16 of Paper No. 1,
Long Line Equipment IT.

The fact that the impedance of a line contains a resistance and
capacitance in series can be illustrated from Equation (6)
above. The leakance of cable pairs, particularly trunk cable
pairs, can usually be neglected because such cables are kept
under gas pressure. Thus, Equation (6) vbecomes -

R + jwL
2 = f——r————
0 jwC
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The first term under the radical of Equation (7) indicates that
the characteristic impedance will contain a real component, that
is, a resistance, whilst the second term indicates that the
chiaracteristic impedance will contain an imaginary component
which, because of the j in the denominator, will be a capacitive
reactance.

2.7 Measurement of Line TImpedance with Parallel Bridges. When using
a bA (parallel) bridge, the transformers shown in Fig. 3 are not
necessary, because parallel bridges, as explained in Paper No. 4
of this book, provide an inherent balance to earth. It is nec-
essary, however, to transform the parallel resistance and capacity
readings obtained to the equivalent series values. For example,
the characteristic impedance of a 40 1lb. cable pair contains a
resistive component of 522 ohms and a capacitive reactive com-
ponent of 507 ohms at 200 c/s, these components being connected
in series. A series bridge would read 522 ohms resistance and
a capacity of 1.56% uF, whilst a parallel bridge would read
1,014 ohms resistance and 0.7845 UF capacity. (a comparison of
these two circuits would show that their impedances, as regards
both magnitude and angle, are identical.) Thus, when a parallel
bridge is used to measure line impedance, it is necessary to
transform the values of resistance and capacity obtained on the
parallel bridge to their equivalent series values. This is done
by using the following formulae -

r
R :1 R olale s Eelal ol otiie ok il o Ha e (8)
X == (9)
1 +0°Cr
where R = series resistance,
Xo = series capacitive reactance,
w =2 mt,
r = resistance reading on parallel bridge, and
C = capacity reading on parallel bridge.

The resistance and capacity readings plotted in the curves of
Figs. 14, 15 and 16 of Paper No. 1, Long Line Equipment II, were
obtained with a parallel bridge and should be compared with Fig.
13 of that Paper, this latter curve being typical of a curve
obtained with a series bridge.

/ 2.8
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2.8 Measurement of Line Impedance above 30 kq/s. Many tests are
carried out with the testing equipment located a little distance
from the circuit under test, particularly open wire and cable
tests. In order to prevent impedance irregularities being
introduced by the leads between the testing equipment and the
circuit under test, it 1s necessary that these leads have sub-
stantially the gsame characteristics as the circuit under test.
This applies particularly to tests employing frequencies much
above 30 ke¢/s. Thus, "spaced" leads are used to connect the
testing equipment to the lines under test, the spacing between
the leads being the same asg those between the circuit under test.
The spacings for aerial wire above 30 kc/s may be 9" or 6", and
the appropriate spaced leads must be used. For cables, twisted
0.D.T. can be used for test leads, but the leads should be kept
as short as possible. Apart from these precautions, the proced-
ure is the same as that described for meking impedance measure-
ments with parallel bridges.

2.9 Locating an Impedance Irregularity on a Line. On a line which is
entirely free from irregularities, the curve so plotted will be
smooth and free from peaks. However, on a line which has one or
more intermediate irregularities, such as intermediate lengths
of cable, the curve drawn will exhibit peaks, and, where a peak
recurs at regular intervals, the distance between the testing
station and the irregularity which causes the peak can be deter-
mined from the formula -

S 3
4 = DG tttreretetecsseeciaiiaiiaes . (10)

where d = distance from the testing station to the irregularity
in miles,

v = the velocity of propagation of an electromagnetic
wave in miles per second, and
S = the separation between two adjacent recurring peaks

in cycles per second.

This method of locating the position of irregularities is not
precisely accurate, but it is useful in determining whether
there are irregularities in the line not due to the line's
normal composition.

Fig. 5 of Paper No. 1, Long Line Bquipment I, could be used as
an example. Here,2S in Equation (10) is 6 ke¢/s, v is 165,000
miles per second, so that d is 27.5 miles as against 28.2
measured miles.

/ 3.
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3., ATTENUATION MEASUREMENTS.

2.1 There are many methods of making attenuation measurements, the
exact method used being determined by the equipment available.
The two methods outlined here are representative of line meas-
urements up to 3C kc/s and measurements above that frequency.

3.2 Attenuation Measurement up to 30 kc/s. Fig. 4 illustrates a
circuit set up which could te used for measuring the loss over
a line with a characteristic impedance of 600 ohms.

CHANGE OVERL

|

i ]

| {

| |

I l |

IN AP0,
____f._l; | M ] TRANS. MEAS.

! |

[ l

OSCILLATOR A.P.O.
OUTPUT IMPEDANCE TRANS. MEAS.
=600 OHMS SET .

MEASUREMENT OF LINE LOSS UP TO 30 kc/s.

FIG. 4.

Both transmission measuring sets are operated in the loss
pogition. The output of the oscillator is adjusted with the
change-over key unoperated until a suitable level, sgy, zero, is
obtained on the transmission measuring set at the sending end.
The key is then operated and the oscillator output sent to line,
the received power being read on the transmission measuring set
at the distant end. The difference between the two readings is
the loss produced by the line when terminated in 600 ohms, for
example, if zero level is sent and the received level ig -8,
then the logs is 8 db. To show one variation of thigs test, the
key could be eliminated and the transmission measuring set at
the sending end could be operated in the "level" condition.

This method is suitable up to 30 kc/s only, because the A.P.O.
transmission measuring sets are designed for measurements only
up to that frequency.

3.3 Attenuation Measurements above 30 kc/s. The most convenient
method of making measurements above 30 kc/s is to use 30A trans-
mission measuring sets in lieu of the A.P.0O. type used in the

/ preceding
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preceding test. Fig. 5 illustrates the set up for measuring
the loss over a cable pair with a characteristic impedance of
135 ohms, which is the impedance for which the 304 set is
designed.

LINE

17B OSC. 30A SET 30A SET
OUTPUT IMPEDANCE

= {354

— - f— —
— e e

MEASUREMENT OF LINE LO3SS USING 30A SETS.

FIG. 5.

After calibration of the 30A sets, the line under test at the
sending end is patched to the "loss in" jacks of the 30A get
there. (For details of 30A set, see Fig. 26 of Paper No. 4.)

The key on this 30A set is operated to the "adjust" position
and the attenuator set to a loss equal to the desired sending
level above 1 mW. The oscillator output, in conjunction with
the test potentiometer, is adjusted for a zero (1 mW) reading
on the 30A meter. (For example, if +25 db is to be sent, 25 db
ig inserted in the attenuator

The oscillator output is then adjusted so that, with the three
10 db meter protection pads switched out, the 30A meter reads
zero.) The key on the sending 20A set is now operated to the
"compare" position, which means that the output of the oscill-
ator is sent to line.

At the receiving end, the line being measured is patched to the
"Attenuator in" jacks with the attenuator adjusted to maximum
loss. With the key in the adjust position, the attenuator is
adjusted for a zero reading on the 304 meter. The loss is the
difference between the oscillator output - which is the attenu-
ator setting at the sending end - and the attenuator reading

at the receiving end. For example, if +25 db is sent from the
oscillator and 12 db in the receiving attenuator produces a
zero reading at the receiving end, then the loss between the
oscillator and meter is 25 db. As 12 db of this represents
loss in the attenuator, then the line loss is 25 db - 12 db

= 1% db. Losses up to 30 db can be measured by this method
using 17B oscillators, as their maximum output is +30 db.
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4. CROSSTAIK MEASUREMENTS.

4.1 Apparatus Used. Crogstalk measurements on lines are made using
an oscillator and a T4051A Crosstalk Measuring Set. This Cross-
talk Measuring Set consists essentially of an attenuator,
switching keys and terminals. At audio frequencies, a pair of
headphones serves as a detector, but, at carrier frequencies, a
detector amplifier is necessary. With the exception of the
gsource of testing current and the detector, the crosstalk set
containg all the apparatus necessary for making crosstalk
measurement s.

4.2 Measurement of "Near-End'" Crosstalk at Audio Frequencies. In
order to measure crogstalk at audio frequencies, the disturbing
line and the disturbed line are both terminated in 600 ohm
resistances at their distant end and are connected to the cross-
talk set as shown in Fig. 6.

T T RGeS TAKEET 1 |

N T$00
/ 2|  DISTURBING LINE | OMMS
osc. 0sC .;/"
KEYi N\ 6

KEYS 1 & 2 MECHANICALLY
COUI:LED

DISTURBED LINE it

NEAR-END CROSSTALK MEASUREMENT AT AUDIO FREQUENCIES.

FIG. 6.

The terminal of the Crosstalk Measuring Set marked
"GND" is connected to earth, and the output of the oscillator is
connected to the terminals marked "0SC." The disturbing circuit
is connected to terminals 1 and 2 marked "LINE," and the dis-
turbed circuit is connected to the "LINE" terminals Nos. 3 and
4. A pair of headphones is connected to the terminals desig-
nated "DET," and the output of the oscillator is then adjusted
until a definite tone is heard in the headphones when the keys
are in the "LINE" Position, the frequency of the oscillator
having first been adjusted to that at which the measurement is
required to be made. The keys are then thrown alternately to

/ positicns
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positions "LINE" and "DET," adjusting the crosstalk set until
the magnitude of the tone in the headphones is the same for
either position of the keys. The crosstalk set is actually a
variable attenuator with a scale calibrated in db. The number
of db indicated on the attenuator scale in the crosstalk set is
the measure of "Near-End" crosstalk which exists between the
two lines.

4.3 Measurement of "Far-End" Crosstalk at Audio Frequencies. In

L

reas LINE
6002  KEY3 \f.

order to measure 'far-end" crosstalk at audic frequencies, the
disturbing line and the disturbed line are connected to the
crosstalk set as shown in Fig. 7.

]

|

[]

I DISTURBING LINE ' osc.
=

Vs 2
- kevi !
—_— t
DET | |
3|
il
/ 4 DISTURBED LINE . oﬁ&%
i 7
]
i
|
|

FAR-END CROSSTAIK MEASUREMENT AT AUDIO FREQUENCIES.

PIG. 7.

The terminal marked "GND" is connected to earth. The headphones
are again connected across the terminals marked "DET," and, in
this case, the oscillator is connected to the distant end of the
disturbing line. XKey 3 is thrown to the position marked with the
impedance, which is closest to that of the disturbing line under
test, the characteristic impedance of the line having first teen
determined. For an aerial line at audio frequencies, however,
the 600 ohm position is suitable. The distant end of the dis-
turbed line is also terminated in its characteristic impedance,
which, for an aerial line at audio frequencies, is approximately
600 ohmg. The output of the oscillator is then raised until =
definite tone is heard in the headphones with Keys 1 and 2 in
the "LINE" position. The keys are then operated alternately to
the positions "LINE" and "DET," and the crosstalk meter is again

adjusted until the tone heard in the headphones is the sjme for
both
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both positions of the keys. The db indication on the attenuator
cale in the crosstalk set then repregents the amount of cross-
talk in db which exists between the two lines when the disturb-
ing current is bteing fed in at the distant end of the disturbing
line.

4.4 Determination of Crosstalk Versus Frequency Characteristic. In
order to determine the crosstalk versus frequency character-
istics of any two lines at audio frequencies, "near-end" and
"far-end" crosstalk measurements are made, as described, over a
range of frequencies beginning at 200 c/s and proceeding in
steps of 100 to 2,800 ¢/s, with one line as the disturbing
circuit and the second line as the disturbed circuit. Bach
measurement is then repeated with the lines transposed, that is,
the first line being the disturbed circuit and the second line
the disturbing circuit. It will be found conveanient to trans-
pose the lines after each measurement, so that only one series
of oscillator adjustments is necessary. The results of the
measurements are then recorded in a data book, and, on comple-
tion of the run, the results are plotted on a graph and the
points are then Jjoined by means of lines. The points plotted
when the first line was the disturbed circuit are joined by a
full line, and those points plotted when the second line was the
disturbed circuit are joined by a broken line. These graphs
then represent the crosstalk versus frequency characteristics of
the twc lines concerned, one form being used for the two "near-
end" characteristics and another form for the two "far-end"
characteristics.

4.5 Measurement of Crosstalk at Carrier Frequencies up to 30 kq/s.
For measuring "near-end" and "far-end" crosstalk at carrier fre-
quencies, the procedure outlined for audio frequencies is
followed, excepting that a pair of matched 600/BOO ohm carrier
transformers is required. One peir of transformers is inserted
between the crosstalk set and the disturbed line, and the other
pair is inserted between the crosstalk set and the disturbing
line. These transformers are for the purpose of igolating the
measuring equipment and minimising the effect of longitudinal
currents. Also, the pair of headphones is used in conjunction
with a 1A detector amplifier, because carrier frequencies above
approximately 8,000 cycles per second are not audible and the
heterodyne facility of the detector amplifier is necessary.
Whether for "near-end" measurements or for "far-end" measure-
ments, the procedure is to adjust the oscillator and the tuned
circuit of the detector amplifier to the frequency at which the
measurements are required to be made. The output of the testing

/ oscillator
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oscillator is then raised until a definite beat note is heard in
the headphones. Keys 1 and 2 are then thrown alternately to the
position "LINE" and "DET," and the measuring dial is turned until
the magnitude of the tone in the headphones is the same for both
positions of the keys. The crosstalk in db btetween the two
lines at the particular frequency is then read from the cross-
talk meter. Alternatively, a 2A or 3A detector amplifier could
be used, the meter thereon taking the place of headphones.

In order to prepare a crosstalk versus frequency characteristic,
crosstalk measurements, both "near-end" and "far-end," are made,
commencing at 3 ko/s and proceeding in steps of C.5 kc/s until
the maximum frequency for which the characteristic is required
is reached. The results of the readings are recorded in a data
book and, on completion of the run, the results are plotted

and graphs are then drawn as described for the audio freguency
characteristic.

Fig. 8 shows a typical crosstalk versus frequency character-
igtic of two typical open wire lines.

DISTURBED LIME ac oo -
DISTURBING LINE
GRAPH "A” MEASURED AT “x“
20
30
40 /\
Arrag)ulon 50 /\
60 /fg/\' VN \\/N
70
80
2 4 6 8 10 12 14 16 18 20 22 24 26 28
FREQ.IN ke/s.
SECTION:-X-Y NEAR END XTALK

TYPICAL CROSSTALK VERSUS FREQUENCY CHARACTERISTICS
OF TWO OPEN WIRE LINES.

FIG. 8.

4.6 The 51A Crosstalk set, if used at frequencies much above 50 kc/s,
is subject to increasing error, and can be regarded as unsuitatble.
Since no self~-contained set is available for use in 600 ohm
circuits, it becomes necessary to arrange a comparison circuit
from individual components.

/ General
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General Method. The requirements are a 17B oscillator, Muirhead

atterator, Muirhead key, and a 2A or 3A amplifier-detector,
arranged as indicated in Fig. O.

MUIRHEAD 600™
ATTENUATOR

LOW CAP MUIRHEAD

17B OSC. / KEY

~n° L2

600, C 2A AMP. DET.
g LEADS N — 5 3A AMP. DET.

i3t 2y
ﬁpo;‘
9

FAR END

gor\é-'\ 178

.‘. ol OSC.

MUIRHEAD 600

ATTENUATOR
LOW CAP MUIRHEAD
AN KEY

@ S ~a
EK og 2A AMP. DET.
g ) 3A AMP.DET.

€00" ‘T r %655’

NEAR END

FPIG. 9. CROSSTALK MEASUREMENTS AND SCHEMATIC CIRCUIT.

It will be seen that for "near-end" measurements the oscillator
is connected across the "disturbing" line, and the comparison
attenuator in parallel, the assumption being that current from
the oscillator will divide equally over the two paths. For
normal 9 inch spaced open wire lines, the impedance at the
higher frequencies varies little from 630 ohms, and inapprec-
igble error has been indicated by comparison between measure-
ments made with the parallel connection and with the oscillator
connected in turn to the "disturbed" line and attenuator, as the
key is changed from the "line" to "meter" positions respectively.

For the "meter" position of the key, the "disturbed" line is
shown terminated in 600 ohms; discretion can be used as to the
necessity for this. In the "line" position, there is no pro-
vision for terminating the "disturbed" line behind the attermu-
ator, but the attenuator will normally be set at a loss value
more than adequate to take care of this.

/ The
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The tuning of the amplifier-detector is preferably accomplished
with the key in the "meter" position to obviate the possibility of
tuning to an interference frequency instead of the oscillator fre-
quency. It might be noted here that a meter, as compared to head-
phones, doeg not give discrimination between a wanted signal fre-
quency and a near-by interfering signal of comparable strength.

On that account, selectivity of a higher order is required for a
meter type instrument than would be necessary in the case of a
heterodyne type of amplifier-detector using headphones.

With the 2A amplifier-detector, the 600 ohm tappings on the input
transformer should be used. Spaced test leads should be used at
the measuring end and at the terminating end, unless the termina-
tions are placed right at the open wires.

The arrangement for "far-end" measurement differs from the near-
end only in the disposition of the oscillator. Measurement is
accomplished as follows: By operaticn of the key to the "line"
position, the amplifier-detector is connected directly to the
"disturbed" line, and a suitable deflection of the meter is
obtained by adjustment of the gain control. The key is then
operated to the "meter" position, connecting the amplifier-
detector to the disturbing signal source through the variable
attenuator, which is adjusted to give the same reading as pre-
vicusly obtained. The attenuator reading will then indicate the
crosstalk attenuation between the two circuits.

Two sets of "far-end" measurements should be made, the second
following reversal of the two circuits in respect of the "dis-
turbing" and "disturbed" function. This reversal should not
normally be necessary for near-end measurements.

4.7 Measurement of Crosstalk Peaks and Troughs. Where interference
conditions are such as to allow the use of the untuned 2A amplifier-
detector, or the 3A in its untuned condition, very useful varia-
tions in the above technique are possible. For "far-end" cross-
talk, the measurements of most consequence are, in general, those
indicating the peaks in the crosstalk curve, as indicated by the
lowest values of crosstalk attenuation. 'Near-end" measurements
are valuable mainly from considerations of transposition design,
the figures of most consequence, in this case, being for the peaks
and the troughs of the curve. These figures for both "far'" and
"near-end" conditions are obtainable in the following manner, mak-
ing use of the test set-up of Fig. 9. A measurement is made at
150 kc/s in the normal manner. The comparison key is then left in
the "line" position, connecting the amplifier-detector to the
"disturbed" line. The oscillator frequency is then slowly reduced
and the movement of the meter needle observed, operating the
variable attenuator, if necessary, to keep the needle on scale.
The peaks and troughs of crogsstalk will be indicated by the ex-
tremes of upward and downward movements of the needle respectively.
Measurements are made at these points, and at intermediate points
if it should be required to fill out the curves. / Fig. 10
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Fig. 10 illustrates a rapid method, applicatle to "near-end" con-

ditions cnly, whereby crosstalk values at the peaxs and troughs
and at arny intermediate points may be obtained. It is made poss-
ible by the exceptionally flat Output-frequency and Gain-frequency
characteristics of the 17B oscillator and 24 amplifier-detector.

-

“T 178 osc.

~J

soo™ ’i.i LINE :eoo“
\> SROCED ALEADS — 2A AMP. DET.
600 .g.g LINE : ¥ :
X VARIABLE 600~
X. ATTENUATOR T

MEASUREMENT OF PEAKS AND TROUGHS OF "NEAR~END" CROSSTALK.
FIG. 10.

A preliminary calivration is achieved bty feeding the maximum output
of the 17B cscillator to the input of the 2A through a variable
attenuator which is adjusted to give a zero reading on the 2A scale.
The attenuator reading thus obtained is the calibration figure re-
quired by the method. This figure will be in the vicinity of 83 db,
and, if it is obtained at a frequency round 50 ke¢/s, it will be
found that the total variation with frequency between 3-150 kc/s
will not exceed some 0.5 db.

To carry out measurements, the oscillator is connected directly to
the "disturbing" line and the Z2A to the "disturoved" line through
the variable attenuator. The oscillator is then run slowly
through the frequency range from 150 kc/s downwards, the attenu-
ator teing adjusted at the same time to maintain a zero reading of
the meter. The attenuator readings can be taken at the peaks and
troughs, as irdicated by the extremes of meter movement, and/or at
desired frequencies. The crosstalk value for any particular fre-
quency is given by the subtraction of the attenuator reading for
that frequency from the original calitration reading. Since the
meter reads to -4.0 below the zero point of calibration, it is
possible tc measure crosstalk of the order of 87 db.

Crosstalk measurements obtained by untuned amplifier-detector
methods provide a maximum cf useful information without the necess~
ity for a long series of measurements at closely spaced frequen-
cies. However, there are limitations to their use, due to the
effects of interfererce, and discretion is necessary on the part
of the operator. The accuracy of any measurement is appreciably
affected if the level of interference is less than 8 db below that
of the crosstalk signal for the particular frequency concerned.

/ Wnere
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Where this condition is not met, the measurement must be made
with the amplifier-detector (where the 3A is used) in the tuned
condition. 1In the case of the 24, which is not tunable, the
measurement can only be indicated as being greater than the
ascertained maximum value that can be measured with accuracy.

5. MEASUREMENT CF RETURN LOSS.

5.1 As has been discussed previously in these books, the equipment
which terminates each end of a line has an impedance equal to
the characteristic impedance of the line concerned. By this
means, reflection is prevented. When a line is not terminated
in its characteristic impedance, reflection takes place, the
precise amount of energy reflected being determined by the
extent to which the impedance of the termination departs from
the characteristic impedance of the line. Total reflection
takes place when the termination is either an open circuit or a
short circuit. ZEnergy is proportional to IZR, I being zero in
the case of an open circuit and R Teing zero in the case of a
short circuit. The energy reflected back from an incorrect
termiration, or from any point in a circuit where an impedance
change will cause reflection, can be regarded as a loss, because
the source of supply sends energy into a circuit and only a
portion of that energy is absorbed Ly the termination. The
remainder consists of the energy lost due to attenuation and
that reflected and returned to the source.

5.2 When each end of a line is terminated by equipment whose imped-
ance equals the characteristic impedance of the line, a condi-
tion of matched impedances exists. This is shown in Fig. 11.

Under the conditions shown in Fig. 11, the generator will
deliver maximum power to its load, which is the line and distant
termination, and the line will dellver maximum power to its load,
which is the termination. Should the generator and/br termina-
ting impedances differ from the characteristic impedance of the
line, or should the characteristic impedance of the line change
somewhere along its length, reflection takes place and some of
the power delivered by the generator is reflected at the mis-
match and returned to the generator. The ratio, expressed in
db, of the amount of power sent into a perfectly matched circuit,
for example, Fig. 11, to the amount of power reflected should a
mismatch be present (for example, 1f the terminstion of Fig. 11
is some impedance other than the charocterlstlc impedance of the
line) is called the "Return Loss.'

? <———Z°——> LINE 7 Zo

FIG. 11. LINE TERMINATIONS FOR MATCHED IMPEDANCES.
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5.3 To 1llustrate the significance of the return loss, the following

example 1g worked out.

. 1,200 volts
N NS L
In Fig. 12, I 1,200 ohms 1l ampere

600 watts.

i

thus power delivered to load (IzR)

In Fig. 13, I = E - olvio }l amperes

900 ohms 3
thus power delivered to load (IZ = ;iég— 55}— watts.

600" >
$ oo™
>3

1200V 1200V
MATCHED CIRCUIT. MISMAT CHED CIRCUIT.
FIG. 1°2. FIG. 13.

In Fig. 13, it can be assumed that the power sent into the cir-
cuit is 600 watts, which is the power which would be sent into
Fig. 13 when perfectly matched as in Fig. 12, but -

600 watts - 53}% watts = 66% watts

2
°%

is reflected by the impedance mismatch. Thus, oo °F one-ninth

of the power sent into the circuit is reflected. The return loss
in db is 10 times the common logarithm of the reciprocal of this
ratio. Thus -

Return Loss = 10 loglo 9

10 x 0.9542

9.542 dv.

This return loss of 9.54 db means that, in the case worked out
(an impedance mismatch of 600 ohms to 300 ohms), the reflected

/ power
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power due to the mismatch is 9.54 db below the power which would
be sent into the circuit under perfectly matched conditions,
that is, 600 ohms to 600 ohms.

5.4 The return loss can be calculated from a knowledge of the imped-
ances concerned. In Fig. 14a is shown a matched circuit and in
Fig. 14b is shown a mismatched circuit.

Zy Zy
ZT Zr
E E
(a) MATCHED CIRCUIT. (b) MISMATCHED CIRCUIT.
FIG. 14.

The power absorbed by the load on the generator of Fig. l4a will
be -

(5%; x 5%;) X B = Tm eeeereneneneans veees (11)

The power absorbed by the load in Fig. 14Db will be-

2
E B 2y (

X E ><ZR=——————————....... .......
(zT + ZR) (2, + Zp) (Zr . ZR)Z

The reflected power in Fig. 14b will be the difference between
Equations (11) and (12), that is -

B 52
42y (zT + zR)2

el Falole slola a4 mvsaedleis (13)

The ratio of the power reflected to the power delivered under
perfectly matched conditions will be given by the ratio of
Equation (13) to Equation (ll), that is - / 2
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which simplifies to -

2

(2, - 2p)
2‘

(zp + 2p)
The return loss in db will be 10 times the common logarithm of
the reciprocal of Equation (14), because equation (14) is the

ratio of the reflected power to the power which would be,sent
into the circuit when matched conditions prevail. Thus -

)2

2 + %y
(2 - 2)°

Return Loss = 10 loglo

Zp + 2

Zp - Iy

*. Return Loss = 20 log1O

In the example worked out earlier, ZT

600 ohms and ZR = 300
ohms. Thus -

600 + 300

Return Loss = 20 loglo 600 - 300

i

20 loglo 3

20 x 0.47712

9.5424 db.

/ 5.5
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5.5 Measurement of Return Loss. Impedance bridges are used for the
measurement of return loss, the two impedances between which
the return loss measurement is to be made being connected to
opposite arms of the bridge.

Fig. 15 showg the principle applied to a hybrid coil type of
impedance bridge.

OSCILLA
OSCILLATOR St
E
L— o000~
>3
Zr 5: T Zp

MEASUREMENT OF RETURN LOSS USING HYBRID COIL BRIDGE.

FIG. 15.

The loss across the hybrid coil between the oscillator and the
mid-points of the hybrid coil will be -

db loss

I

20 1og1O g

where E = oscillator voltage,

and e = voltage across mid-points of hybrid.

The voltage e will be the difference between the voltage across
Z1 and the voltage across ZT' The voltage across Z1 will be -

g PR

X D m ommmee i cee.. (19)

The voltage across Zp will be -



PAPER NO. 5. LONG LINE EQUIPMENT III.

PAGE 24.
E
B !
X B = o E viaesesensen oo b 0k (16)
A A A

e will be the difference between Equation (15) and (16), that
is =

E ZrII E Zl

e = -
oty Hth

- h 5 )
7o+ Zg  Z; * Z,) Tt (A7)

Ag the hybrid coil windings are identical, then Z, = Z, and
: 1 2
Equation (17) becomes -

Ay
o-alg iy -4
which simplifies to -
g _2 (% +2)
e -2

Z(ZT + ZR)

.". Loss across hybrid = 20 log, . ————F——
107 - 5

Now, 20 loglo 2=6
Gy + Zg
.. Loss across hybrid = 6 db + 20 loglo(ﬁ

6 db + return loss

*. Return loss = loss across hybrid - 6 db.

/ A
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A method of measuring the return loss between two impedances
by means of a hybrid coil type impedance bridge is shown in
Fig. 16, the return loss being measured against 600 chms in

this case.
OSCILLATOR OSCILLATOR
+6db. +64b.
eoo“%— —% 671-4™ soo“g—— _g 700*
-25db.
T ATTENUATOR ATTENUATOR
25db.
-50db. ~50db.
AMPLIFIER - DETECTOR AMPLIFIER-DETECTOR
(a) Calibrate. (v) Measure.

MEASUREMENT OF RETURN LOSS.

FIG. 16.

Fig. 16a shows the calibration conditions preparatory to
commencing the test. The impedances of 600 chms and 671.4
ohms comnected across the opposite arms of the bridge, as

in Fig. 15, produce a return loss of 25 db. With the
oscillator output at +6 db (referred to 1 milliwatt), the
power input to the variable attenuator connected between the
mid-points of the bridge and the amplifier-detector is -25 db
(that is, the oscillator output minus the logs across the
hybrid, which, as proved above, is the return loss +6 db).
Set the attenuator at 25 db, which gives an input of -50 db
to the amplifier-detector, and adjust the gain control on the
amplifier-detector until a convenient reading is obtained.
This gives a convenient figure of 50 db on which to base
measurement s.

Assume, now, that the return loss (22 db approx.) is to be
measured between 600 ohms and 700 ohms. The 700 ohms in Fig.
16b replace the calibrating 671.4 ohms of Fig. 16a. In order
to obtain the same reading on the meter of the amplifier-
detector, the input to it will have to be -50 db again. This
means 28 db in the attenuator will, with the 22 db return
loss and 6 db hybrid loss, produce the desired -50 db at the

/ input
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input to the amplifier-detector and, therefore, the same
reading as during calibration. The return loss is therefore -

50 db - attenuator reading = 50 db - 28 db = 22 db.

Thus, as the frequency and/or impedance whose return loss
against 600 ohms is being measured change, the return loss
will be given by -

50 db - attenuator reading.

The figures quoted above may have to be varied to meet
different circumsfances, but the principle in all cases is
the same. For example, when a W.E. 5A bridge, which is a
resistance bridge, is used, the oscillator output should be
about +25 db, as the loss through a W.E. 5A bridge is not

6 db but 25 db.

6. CAPACITY BALANCING OF CABLES.

6.1 In Paper No. 4 of Long Line Equipment I, it was shown that the
capacities produced by the four wires of a cable quad can be
reduced to a four capacity network
of the type shown in Fig. 17.

The designations of the four wires

z w
of the quad in Fig. 17, that is, 1,
11, 111 and 1111, are the markings
dﬂ) on the paper wrapping about each
wire of a quad cable, wires 1 and
Y 11 being one pair of the quad and
X

wires 111 and 1111 being the
other.

6.2 The condition for zero capac-
CAPACITIES IN QUAD. ity unbalance between the four
wires of the quad of Fig. 17 is
FIG. 17. the well known Wheatstone Bridge
relation, that is -

W:X::2Z:Y

or WY = XZ.

JIf
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If XZ is greater than WY, the unbalance is corrected in
practice by operating on Y, whilst if XZ is smaller than WY,
the unbalance is corrected by operating on Z. The unbalance
which exists when WY==XZ is called a negative unbalance to
differentiate it from the condition which exists when
XZ==WY, which is called a positiye unbalance.

6.3 Fig., 18 shows in schematic form a simple bridge used for the
measurement of capacity unbalance, together with connections
to a quad under test.

RECEIVER
( VIA AMPLIFIER WHERE NECESSARY)

-

7

500 7
~Ir F
1 SO0um osc = ===—-— ~JQUAD UNDER
oM 1000¢/s I TEST
F2 soouuF —r ...—.[: =
+ So0uuf, Y

] -

SCHEMAT IC CIRCUIT OF SIMPLE TYPE CAPACITY UNBALANCE
SET FOR MEASUREMENT OF SIDE-TO-SIDE UNBALANCE.

FIG. 18.

The quad is left open at the distant end, so that any coupling
which appears between the pairs is due only to capacity unbal-
ance. As the unbalance to be measured is of a small order, the
bridge dial is calibrated in micro-microfarads. A tone of
1,000 c/s is applied to pair 1 and a set of headphones con-
nected across pair 2. Very closely balanced fixed condensers
of 500 YuF capacity are connected between wires 1 and 1111

and 11 and 1111 respectively. Their purpose is to complete

the bridge circuit and, since they increase the values of

Y and Z equally and so do not affect the unbalance being
measured, they will not be considered further here. A variable
differential condenser with a range of % 500 UMF is connected
to wires 1, 11 and 111, as shown. The dial of this condenser

/ is
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6.4

is calibrated to read the difference between capacities of the
moving plates M to fixed plates Fl1, on the one hand, and M to
F2 on the other hand. Thus, if the moving plates are engaged
equally with both F1 and F2, there is 250 uuF capacity on each
side, the dial reads zero and the bridge itself is seen to be
balanced. If in this condition a tone is heard, it is wholly
due to the unbalance between Y and Z of the quad, since the
effect of the variable condenser in this position is to add
250 uJF equally to Y and Z.

If now M-F1 is increased to, say, 400 WF (so adding 400 LF

to Z) in order to eliminate the tone, then M-F2 will be 100 uuF
(added to Y) and the dial will read -300 puF (minus sign because
the balancing capacity is added to deficient capacity Z to

make it equal to capacity ¥, which condition has already been
noted as a negative unbalance). On the other hand, if, say,
M-F2 must be made 300 puF, M-F1 will be 200 UUF and the dial
reading +100 UuF, indicating that capacity Z exceeds capacity

Y 3 100 uuF (a positive unbalance).

It is of importance to consider the effect of transposing the
wires of either pair separately (not bvoth together) when
commecting to the bridge. If, for instance, wires 1 and 11 are
transposed, the bridge will perform as before, but capacity Z
will now appear to be that between wires 11 and 111, and
capacity Y that between wires 1 and 111, so that elimination of
the tone requires the same magnitude of added capacity, but on
the opposite side of the differential condenser. In other
words, a negative unbalance (which means that Y is greater than
Z) applies to an excess capacity between wires 1 and 111, as
against that between wires 11 and 111. (A similar result will
be obtained if wires 1 and 11 are kept straight as originally,
and wires 111 and 1111 are transposed instead, but this does
not offer any advantage.) It can, therefore, be said that the
sign of the unbalance will be changed if the wires of pair 1

of a quad are transposed, and this is the all-important fact
made use of in balancing operations.

For trunk cable testing, Siemens Bros. have developed a Trunk
Test Set which measures the following unbalances and mutual
capacities, not only within a quad, but also between two
quads.

/ Position
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Pogition No. | Designation. Function.
2l off Detector short-circuited.
2 l1-+ Pair 1 to phantom of quad 1.
3 2 - + Pair 2 to phantom of quad 1.
4 1 -2 Pair 1 to pair 2.
5 1 -E Pair 1 to earth.
6 2 -E Pair 2 to earth.
* T + - E Phantom quad 1 to earth.
* 8 +1 - +2 Phantom quad 1 to phantom quad 2.
* 9 4+ -3 Phantom quad 1 to pair 3 (quad 2).
*10 +1 - 4 Phantom quad 1 to pair 4 (quad 2).
*11 1 - +2 Pair 1 (quad 1) to phantom quad 2.
*12 2 - 42 Pair 2 (quad 1) to phantom quad 2.
1% 1-3 Pair 1 (quad 1) to pair 3 (quad 2).
14 1-4 Pair 1 (quad 1) to pair 4 (quad 2).
15 2 -3 Pair 2 (quad 1) to pair 3 (quad 2).
16 2 -4 Pair 2 (quad 1) to pair 4 (quad 2).
17 Cl Matual cepacitance pair 1.
18 C2 Mutual capacitance pair 2.
*19 C+ Mutual capacitance phantom quad 1.

The positions marked with an asterisk are those which are
excluded when a knob labelled "phantoms excluded" is rotated
in a clockwise direction.

Change-over from one measuring circuit to another is effected

by means of a 19 position rotary switch.

Fig. 19 shows

schematic circuits of the Test Set for testing side-to-side
unbalances.

SCHEMAT IC CIRCUIT OF TRUNK TEST SET IN SIDE-TO-SIDE POSITION.
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Several additions and modifications to the simple bridge of Fig.
18 are made in the Trunk Test Set of Fig. 19 to avoid errors
and facilitate testing. These include -

(i) In order that the dissymmetries in the supply and
detector circuits may be without effect on the balance,
screened and balanced transformers, Ty, Tp, are inter-
posed between these and the bridge, with the balanced
windings towards the bridge.

(ii) The balanced windings of the supply transformer T1 are
used as the equal ratio arms instead of resistors.

(iii) Some method of compensation for unbalanced leakance is
required to secure perfect silence at the balance point.
This is provided by a differential resistor, with its
slider joined to the moving vanes of the differential
condenser. As the range required does not exceed 10
micromhos, the device takes the form of a potentiometer
P of 1,000 ohms connected between two fixed resistors
each of 9,500 ohms. Two fixed resistors of 10,000 ohms
are provided across the condensers Kz and XKy, which are
brought into use for the S/S and between-quad measure-
ments. Thus, the leakance balance operates in the same
manner for all within (and between) quad unbalances.

(iv) The changes from one bridge to another are effected with-
out disconnecting the cable Ly means of a single switch
S of the rotary type, in which all the necessary alter-
ations to the connections are made by successive move-
ments of a central spindle.

7. MEASUREMENT OF MUTUAL CAPACITY IN CABLES.

7.1 Fig., 20 shows, in schematic form, the circuit arrangemént used to
test mutual capacity in the Siemens Trunk Test Set.

1 _ .
lA:

9500

A§E
Dl .
1000 7
3 K :
500 !

9.
2
— 00000900 ) T2

B

[

SCHEMAT IC CIRCUIT OF TRUNK TESI SEI' IN MUTUAL CAPACITANCE POSITION.

5

FIG. 20.
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The circuit is essentially a bridge circuit with the balanced
windings of the input transformer acting as two arms of the

bridge, the other two arms being provided by condensers K and
k and the mutual capacity to be measured.

The variable condenser required for mutual capacitance is much
larger than for capacitance unbalances and is most conveniently
obtained from an external condenser K, adjustable in steps of
0.0001 UF, the differential air condenser providing the vari-
ation between these steps. A small adjustable resistor r of
approximately 100 ohms in series with the large condenser
gives an approximate leakance balance, finer variations being
made with the potentiometer setting as for unbalances.

8. MEASUREMENT OF ADMITTANCE UNBALANCE IN CABLES.

8.1 To measure the admittance unbalance between the four wires of a
quad or the two wires of one circuit in one quad and the two
wires of another circuit in another quad, an Admittance
Unbalance Set has been developed by Siemens Bros. Fig. 21
shows a schematic circuit of this set.

100 %
240-0-240uuF

9000”
% 30-0-30uuF

(4 LT__. TO PAIR ‘B
1000™ TERMINATED
\ ’? TO DET.AMP. N Zo AT

4 DISTANT END

TO PAIR ‘A g
& oscILLATOR

(60 Kefs) o
AT DISTANT END

C 9000™

* indicates trimming controls to adjust to zero.

FAR-END ADMITTANCE UNBALANCE SEI SCHEMATIC.

FIG. 21.

8.2 The function of this set is to provide an indication in terms of
capacity and leakance of the unbalance existing between two

/ cable
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cable pairs. The relevant measurements are usually made at 60
kc/s, and provide the information necessary to the preliminary
adjustment of the networks used for crosstalk neutralisation in
carrier cables.

There is a similarity in principle to the capacity unbalance
get. Each of the four arms consists of a resistance and a
capacity in parallel. The components in the case of the "A"
and "B" arms are of fixed and equal value, while those of the
"C" and "D" arms can be varied about equality by adjustment of
the variable resistance R and the differential condenser C.
Both R and C carry dials calibrated about a zero point in terms
of micromhos and WF's respectively, with positive and negative
indications for the two directions of movement.

The magnitude and sign of the dial settings at balance indicate
the unbalance existing between the two pairs of wires concerned.
The unbalance measurable is Wwithin the limits I 220 WF and

* 10 micromhos. The leakance range can be extended in either
the positive or negative direction by inserting omne or more of
four fixed resistances into either one or other of two sets of
clips provided. Each resistance adds 10 micromhos to the dial
reading.

Sets of terminals are provided for connection to the pairs of
two quads along with two change-over keys, enabling either pair
of the first quad to disturb either pair of the second quad. A
further "test" and "listen" key provides for the connection of
a battery and milliammeter to the "disturbed" lines for ready
observance of correct termination.

9. TESI QUEST IONS.

1. Describe how the characteristic impedance versus frequency of a
line is determined.

2. Describe a method of measuring the attenuation of a line.
3. How are crosstalk measurements made?

1

4. Why are "return loss" measurements necessary?

5. Describe the method of capacity balancing cables.

END OF PAPER.
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TRANSMISSION MEASUREMENTS (CONT INUED).

CONTENT S:

1. NOISE MEASUREMENTS.
2. PROGRAMME TRANSMISSION MEASURING EQUIPMENT.

3. TEST QUEST IONS.

1. NOISE MEASUREMENT S.

1.1 Apart from crosstalk from neighbouring telephone circuits, noise
voltages may be introduced into telephone circuits by induction
from neighbouring power lines and traction systems, or directly
from such items of equipment as rectifier units, D.C. generators,
and so on. The effects of these noise voltages on the ear
depend on their wave form, that is, on the frequencies present
and on their comparative sensitivity to the ear. To enable the
aural effect of these noise voltages to be determined, com-
parigson measurements are made between the interference present
in the circuit and that interference which would be produced by
a voltage of selected frequency. A frequency of 800 c/s has
been standardised for this purpose. Table 1 and the curve shown
in Fig. 1 show, under the name "weighting factor", the relative
values of the aversge disturbing effects at various frequencies
when the actual voltage at the terminals of a telephone receiver
is the same at each frequency. Each weighting factor is related
to that at 800 ¢/s. Thus, referring to Table 1, one volt at
800 ¢/s will produce on the average ear 1,000/56O or 1.78 times
the effect of one volt at 600 ¢/s. In other words, 1.78 volts
or 5 db more power must be applied to the receiver at 600 ;/s
to produce the same effect on the ear as one volt at 800 c¢/s.
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Weighting Factor
Frequency
Relat ive Values Neper db
16.7 0.115 -9.07 -78.8
50 2.48 -6.00 -52.1
100 15.0 -4 .20 -36.5
200 105.0 ~2.25 -19.6
400 400 -0.92 -8.0
600 560 -0.58 -5.0
800 1000 0 0
1000 1840 +0.61 +5.3
1200 1260 +0.23 +2.0
1600 353 -1.04 -3.0
2000 254 -1.37 -11.9
2400 A 200 -1.61 -14.0
2800 159 ~1.84 -16.0
3500 80 -2.53 -21.9
4000 45 -3.1 -26.9
5000 19 -3.96 =34 .4
TABLE 1.
2000
1800
1600
1400
o
o
o 1200
prd
£ 1000
=
5 \
& 800
’ /
600 \
400 \
200 e
/ ~

o 400 800 {200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200
FREQUENCY cfs

FIG. 1. WEIGHTING FACTOR.
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1.2 An instrument has been developed to measure the sum of the
correctly weighted voltages of all frequencies in the noise
introduced into telephone circuits. This instrument is called
a "Psophomet er" (Greek:psophos = a noise), and the voltage
measured by this instrument is called the "psophometric" volt-
age. The characteristics of the ingtrument are therefore such
that, if a voltage whose amplitude remains constant at all fre-
quencieg is applied to the input, the value indicated by the
measuring instrument in the output will be proportional to the
relat ive weighting factor of the frequency in question. In
other words, the presence of the weighting network between the
input and the measuring instrument will mean that 1.78 volts at
600 c/s will produce the gsame reading as one volt at 800 c/s.

1.3 When the noise introduced into a circuit is of a level high
enough to be objectionable, it is usually necessary to analyse
that noise into its frequency components so that the source of
the noise can be traced. Thig is done by means of a Wave
Analyser. Most wave analysers employ the heterodyne principle,
a typical arrangement being shown in Fig. 2.

AMPLIFIER & | | VARIABLE
Il'-"—'lll‘ll—' '“% [cRYSTAL FILTER] [ATTENUATOR

| METER

Al

WAVE ANALYSER (TYPE 636A).
FIG. 2.

The heterodyne oscillator is variable between O and 50 kc/s and
ig applied to the grids of a balanced modulator in the same
phase. The noise voltage is applied to the grids of this modu-
lator 180° out of phase, so that this modulator functions as a
carrier suppressed modulator of the type discussed in previous
Papers of these books. An amplifier tuned to a frequency of 50
ke/s follows the modulator, and the output of this amplifier is
applied to a valve voltmeter.

/ To
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To illustrate the principle, assume that a noise voltage of a
frequency of 5 kc/i is being measured. When the scale of the
heterodyne oscillator reads 5 kc/s, that oscillator is develop-
ing the difference between 50 kc¢/s and 5 kc/s, that is, 45 ke/s.
Thus, 5 k¢/s and 45 kc/s are applied to the balanced modulator,
whose output contains the input 5 kc/s and sidebands only. The
upper sideband is 50 kc/s, which is passed by the tuned ampli-
fier and measured on the meter. As the oscillator frequency
changes, therefore, the different frequency components of the
noise are measured. Thig principle enables a search to be made
over the frequency spectrum by means of only one control, that
is, the tuning control of the heterodyne oscillator.

2. PROGRAMME TRANSMISSION MEASURING EQUIPMENT.

2.1 Volume Indicators. Volume Indicators are used for the following
purposes -

(i) As an indication of a suitable level at a particular
point to avoid audible distortion in line amplify-
ing, radio and other equipment.

(ii) As a means of providing & continuous check at a
number of points of the transmission losses or gains
in a programme network.

(iii) To enable the loudness of programmes, when finally
reproduced, to be determined.

(iv) To prevent damage or interruption by overload as may
occur in radio transmitters or sound recording
equipment.

(v) To carry out sine wave transmission measurements.

Several types of volume indicators having different electrical
and dynamic characteristics are in use and are calibrated with
reference to different bases. An attempt is now being made to
gstandardise this equipment, and a new unit, the volume unit
(VU), has been adopted for expressing the magnitude of the
quantity "volume," whilst a new type of volume indicator has
been standardised which conforms to specified characteristics.

In order to make practical use of the volume indicator, a
reference volume or zero volume level has been established. A
suitable definition of reference volume is - "That level of

/ programme
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programme Which causes a standard indicator, when calibrated
and used correctly, to read to a defined mark on the scale,
that is, O VU."

The connection between "reference volume" and "calibrating
power" lies in the fact that both use the same scale mark.
They are, however, quite different quantities. Calibration is
made with a steady single frequency tone (l,OOO c/s) applied
to the volume indicator and gives a steady reading at the
scale mark. Volume is measured on a programme line by adjust-
ing the associated attenuator until the meter pointer reaches
the same scale mark, but only once every 10 seconds with
occagional overswings. It will thus be appreciated that there
will be peaks many times the calibrating power, but most of the
time the level will only be a fraction of the calibrating
power. With the attenuator adjusted so that the meter reads

O VU, the programme level with respect to reference volume is
read directly in VU from the calibration on the attenuator.

2.2 Volume Unit. The reference unit is termed the volume unit (VU).
The volume unit is like the db in one respect, in that
numerically a particular signal will be the same number of VU
different in magnitude to some other signal. It is different,
however, in that VU only requires an associated + or - sign to
designate it completely, whereas the db ratio must, as well as
having its sign, be referred to a particular base to fix it
correctly.

2.3 Types of Volume Indicators. The various types of volume in-
dicator in use may be divided into two main classes -

(i) The R.M.S. Type, and
(ii) The "Peak" Type.

The terms are only relative, the peak type integrating the
speech waves for a shorter period of time than the R.M.S. type.
In general, the R.M.S. type is less complicated, and, as tests
have proved that the peak type has no advantages over the
R.M.S. type, the latter has been adopted as standard.

The standard meter is a full wave copper oxide rectifier type
and has two scales, a VU scale and a 100 or percentage scale.

The dynamic characteristics are as follows. For a 1,000 o/s
voltage of such magnitude as to give a steady reading of 100,
the pointer should read 99 in 0.3 second and should then over-
swing the 100 point by at least 1 per cent. but not more than
1.5 per cent. / The
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The electrical characteristics are bound up with an associated
circuit as shown in Fig. 3.

gooo. [T T T — T —————————— 7
I S 3600-0- I
L AAAAA
‘ \AAAAL w '
| < |
—L w 75002 :: |
< VU |
| METER |
T 3900 '
Yy v

ATTENUATOR
goo | _______ Tedses |
TELEPHONE OR

PROGRAMME LINE
VOLUME INDICATOR.

FIG. 3.

The meter has an impedance of 3,900 ohms, hence the attenuator
has the same value. The attenuator looks back to an impedance
of 3,900 ohms towards the line, made up of 3,600 ohms fixed
resistance and 300 ohms from the two line impedances in
parallel. This is necessary to give correct loss through the
attenuator, as, in practice, it is the reading of the attenua-
tor which gives the volume at the measurement point. The 3,600
ohms fixed resistance also ensures that the dynamic character-
istics of the meter are correct.

The total impedance of the meter and associated circuit is
7,500 ohms, which makes it high enough to be bridged across the
line as a monitoring device with negligible loss. As mentioned
previously, the complete volume indicator is required to read
O VU with 1 milliwatt of 1,000 ¢/s power in a 600 ohm resis-
tance. Actually, the sensitivity of the meter itself is in-
sufficient for the needle to deflect to the O VU point, when
connected to that calibrating power, and will only reach -4 VU.
This is taken care of by marking the zero position of the
attenuator as +4 VU. Adding the reading of the attenuator to
the reading of the meter, therefore, gives a net value of 0 VU.
The attenuator has eleven steps of 2 db and is designated +4 to
+26. The extremes of reading of the complete indicator are,
therefore, approximately -

Met ex Attenuator
-20 + 4 = -16 VU.
+ 3 +26 = +29 VU.
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In telephone and programme work, the VU gcale is the most im-
portant and is made predominant. The 100 scale is used for
broadcast stations, where the main requirement is to load the
transmitter to the 100 per cent. modulation mark, and, for
these applications, the percentage scale is made predominant.
The O VU or 100 mark is at a point about 70 per cent. from the
beginning of the scale, leaving adequate margin for overswing.

Other important characteristics of the volume indicator are -

Response versus Frequency. The sensitivity of the volume in-
dicator must not depart from that at 1,000 ¢/s by more than
0.2 db between 35 and 10,000 c¢/s, nor more than 0.5 db between
25 and 16,000 ¢/s.

Harmonic Distortion. The harmonic distortion introduced in a
600 ohm circuit by bridging the volume indicator across it must
be less than 0.2 per cent. (R.M.S.).

Overload. The instrument must be capable of withstanding,
without injury or effect on calibration, peaks of 10 times the
voltage equivalent to a deflection to the O VU or 100 per cent.
mark for 0.5 second and continuous overload of 5 times the same
voltage.

Presence of Magnetic Material. Due to the powerful magnetic
mabterial employed in the instrument, it should be mounted on
non-magnetic panels. However, panels not more than 1/16th inch
thick can be employed if essential.

Temperature Effects. The deviation of senSit%vity with temp-
erature should be less than 0.1 db between 50 g. and 120 °F. and
less than 0.5 db for temperatures as low ag 32 F.

2.4 Distortion Factor Meter 74200-A. Occasions arise where it is
necessary to be able to determine the harmonic content in a
wave form. The harmonic content of the output of an ogcillator
or amplifier may be the determining factor as to whether an
equipped circuit will be satisfactory or not.

When dealing with programme circuits, it is not so important to
know the individual harmonics. It is, however, very important
to know the ratio that the sum of the harmonics bears to the
total output.

The Distortion Factor Meter, in conjunction with an amplifier,
will determine the total harmonic content of any wave form which
has a fundamental frequency in the range of 20 to 5,000 c/s.

The results obtained include all harmonics up to 10,000 c/s.

/ The
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The distortion range is from 0.5 per cent to 10 per cent. The
input impedance is 600 ohms, and the sensitivity is such that
an input of 15 db below 1 milliwatt is sufficient to measure

1l per cent. distortion. The maximum input current is 10 milli-
amperes when meaguring distortion less than 3 per cent.

The principle employed in the set is -

(i) To eliminate the fundamental frequency from the tone

under test by means of a selective circuit, and to
obtain a response on a detector or visual indicator
which will be proportional to the harmonics alone.
Thig response is noted.

(ii) The selective circuit is then cut out and the un-

filtered tone (that is, fundamental and harmonic)

is impressed via a calibrated potentiometer on to
the same detector. The potentiometer is adjusted
until the deflection for the fundamental and harm-
onics is the same as that obtained for the harmonics
alone. The percentage indicated on the potentiometer
is the relation the harmonics bear to the total tone.

A schematic of the circuit is shown in Fig. 4.
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DISTORTION FACTOR METER (TYPE 74200-4).

FIG. 4.

It will be noted that the chief features of the circuit are a
slide wire potentiometer Pl, a switch KA and a bridge arrange-
ment ABCD, consisting of three resistance arms and an arm AD
having a variable inductance L and a variable capacity C in
series.
of the set. It is a well-known feature of this type of bridge

This series resonance bridge is the selective circuit

/ that,
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that, when an alternating potential having a given frequency is
applied across the BD points of the bridge, the latter can be
tuned by means of the series inductance and capacity and by
means of resistance P2, so that there is no voltage across the
conjugate points AC.

For this setting of L and C, the bridge will be completely un-
balanced at all other frequencies, that is, the arm AD will be
effectively open-circuited for all frequencies except the tuned
frequency. A simple, sharply tuned, selective circuit is thus
available, which enables the elimination from a complex wave
form any single frequency component (within the tuning range of
L and C) without affecting (except to a negligible degree) the
amplitude of the other components.

Referring to Fig. 4, it will be noted that, when the switch KA
is thrown to BAL, the circuit is so arranged that the INPUT tone
under test is impressed on the BD terminals of the bridge
shunted by R1 and R2 which are of low resistance, approximately
10 ohms.

The series resonant bridge circuit is complete, and the response
on any detecting equipment connected to the AC terminals will

be due to the harmonics alone, if the bridge is tuned to the
fundamental. To all other frequency components but the funda-
mental, the bridge will act as a simple attenuator between the
BD and AC terminals.

When the switch is thrown to MEAS, the AD arm of the bridge is
open-circuited and the slide wire potentiometer Pl is brought
into circuit. The bridge is now completely untuned at any fre-
quency, and acts only as a resistive attenuator between the BD
and AC side of the bridge. In this case, it will act as an
attenuator for all frequency components. As the bridge com-
ponent s are otherwise unchanged when the key is thrown from BAL
to MEAS, the bridge attenuation to the harmonics in the BAL
condition will be equal to the bridge attenuation to funda-
mental + harmonics in the MEAS. condition. If, therefore, only
a proportion of the total tone is impressed on to the bridge in
this latter condition, it can be stated that, if this proportion
is adjusted so that the response is equal to that in the BAL
condition, this proportion will be & measure of the ratio,
fundamental + harmonics to harmonics. This operation is per-
formed by the switch KA and by adjustment of the potentiometer
Pl.

The input impedance is transformed to 600 ohms by means of the
shielded and balanced transformer Tl. To avoid the creation of
harmonics by this transformer, it is necessary to keep the

/ input
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input on the primary of the transformer at a low level. The
distortion created by this transformer is greatest at low fre-
quencies. The minimum input level can, therefore, be raised
slightly with frequency if necessary. The input level can
also be raised for large distortion when a small error is less
significant.

For accurate measurement of 1 per cent. distortion at 50 c/s,
the input level to the transformer must be kept below -10 db
referred to 1 milliwatt. In order to enable this to be done
when measuring large inputs, a 30 db pad is inserted between
the input and the transformer. Two pairs of input jacks are
provided, one pair engraved INPUT (HIGH) for high levels and
one pair INPUI (LOW) for low levels. Both inputs are connected
to contacts on a terminal strip.

2.5 Method of Operation of 74200-A Digtortion Factor Meter. Connect
the source to be measured to the HIGH INPUI' jacks of the Dis-
tortion Factor Meter. Connect the jacks marked OUTPUT on the
Distortion Factor Meter to the LOW terminals of the 74200-A
Amplifier (details later), and switch on the amplifier by means
of the ON-OFF key. Set the amplifier potent iometers marked
GAIN CONTROL and FINE CONIROL to zero. The three lever switches
on the Amplifier should be thrown to LOV METER and ON. Switch
the Distortion Meter Key to BAL. Switch on the source which is
to be analysed. As the fundamental is most probably untuned
initially, it will be found that a deflection is obtained on
the Decibel Meter on the amplifier. It is convenient, if the
output of the source can be adjusted, to give an initial meter
reading somewhere about the mid-scale. Set the RANGE SWITCH to
the range which includes the fundamental frequency to be meas-
ured, and tune the deflection to & minimum by means of the con-
denser decade and the COARSE and FINE potentiometers, increasing
the gain of the amplifier as necessary as the tuning becomes
closer. Now switch the Distortion Factor Meter Key to MEAS and,
by means of the Percentage Dial, adjust the new reading to the
game reading, that is, mid-scale. The total harmonic comntent
will then be indicated directly on the scale.

2.6 The 74200-A Amplifier. (For use with Distortion Factor Meter.)
This amplifier is a high gain type with a flat response curve
for a frequency range 20 to 10,000 ¢/s. Tt is fitted with a
variable gain control giving a maximum gain of about 90 db
between input and output impedances of 600 ohms.

The amplifier is a mains operated three-stage resistance-~
capacitance coupled unit terminating in a metal rectifier and
meter. The harmonic content is less than 5 per cent. The
noise level at full gain is equivalent to an input of less than
3 microvolts. / The
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The harmonic content of the amplifier may be disregarded, as it
is common to both measurements, and the reading, as indicated
on the dial, is really a comparison of voltage variation.

Provision has been made by means of a switch to feed into the
circuit at either the first or the second tube, depending on
whether it is high or low gain input.

2.7 G.R.732A Noige and Distortion Measuring Set. The G.R. Company's
distortion and noise measuring set congists of a linear recti-
fier used with R.F. input, a filter, an amplifier and a vacuum
tube voltmeter. The meter reads distortion directly in per
cent., and reads noise and hum level directly in decibel with
respect to the normal signal input to the equipment under test.
The amplifier has a flat response from 30 to 10,000 /s, but,
in order to present a true picture of the effect of noise on
the human ear, the measuring system should have a frequency
characteristic similar to that of the normal auditory system,
that is, the low and high frequencies must be discriminated
against. This is provided for by the addition of a weighting
network, the function of which is to attenuate every interfer-
ing source (by means of a filter) according to its freguency.
A schematic circuit of the noise and distortion measuring set
is shown in Fig. 5.

| PROG.
LI)LJER X Aweichr. [}
Sk \ / ANET_ N
/ \ / /7' \ \
ATTEN / WEIGHTED

CALIBRATE UNWEIGHTED

NOISE AND DISTORTION SET.
BLOCK SCHEMAT IC OF TYPE G.R.732A.

FIG. 5.

The filter associated with the set has a very sharp cut-off of
the fundamental frequency of 400 c/s. It is used when measur-
ing distortion on an incoming circuit. The operation is as
follows.

Having first employed the 400 ¢/s (which is semt from the
distant end) to calibrate the receiving set with the key in the
flat position, the selecting switch is moved to "Distortion."
This action places the filter in circuit and causes the 400 ¢/s
fundamental frequency to be suppressed. The remaining inter-
fering elements are indicated by a direct reading on the meter

/ of



PAPER NO. 6. LONG LINE EQUIPMENT ITI.
PAGE 12.

of the percentage distortion. The range covers interference up
to 30 per cent. It is important, when sending the 400 ¢/s to
line, that a power of about 23.5 milliwatts (+6 above zero of 6
milliwatts) be transmitted. This is to test the amplifiers and
other apparatus at full capacity and represents the instant-
aneous high programme peaks.

The measurement of noise is taken with the switch in the noise
position and with the line at the distant end terminated in 600
ohmg. A reading can be obtained either weighted or unweight ed
with a range available down to 80 db. Ag the noige sent hag
been calibrated on a +6 basis when reading distortion, the meas-
urement of noise which follows and which is read without
recalibrat ing should, under these conditions, be referred to

+6 db, that is, the reading obtained, say, 54 db is actually
only 48 db away from a programme of zero level (average peaks).

The general average noise level (Weighted on programme lines) is
between 50 and 60 db below zero programme (reference 6 milli-
watts). When it is found that a noise level approaches 40 db,
action is taken to gectionalise the trouble and later remove the
cause.

In the case of distortion, it has been the practice to consider
the margin of safety satisfactory so long as the figure of 5
per cent. is not exceeded.

It will be noted from earlier remarks that the noise set is
calibrated in the flat position, that is, unweighted. Actually,
it would be better if the noise set could be calibrated in the
weighted position, then the readings taken would be direct and
indicate more truly the noise as heard on the programme. How-
ever, on account of insufficiemt gain of the amplifier, it is
not convenient to calibrate in the weighted position.

Examination of the weighting network curve employed for programme
circuits will show that a 1,000 c¢/s weighted calibration would
be 10 db down on an unweighted calibration. Therefore, when
calibrating in the unweight ed position and measuring in the
weighted position, the noise level indicated on the meter is
actually 10 db (2.5 db insertion loss and 7.5 db due to curve)
further away from the signal than it would be if the meter had
been calibrated with the weighted network in circuit. Now to
correct for thig measuring irregularity, due to the method of
calibration, and taking 1,000 c/s as a standard, subtract 10 db
from the weighted reading, which will give a figure represent-
ative of the level of noise as heard and approximately in accord-
ance with C.C. I.F. standards.

5. TEST QUESI IONS.

1. Why are volume indicators used? 2. What is the principle of a
"Wave Analyser"? 3. Define the "Volume Unit". 4. How is the
harmonic content of a wave form determined?

END OF PAPER.
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1. MEASUREMENT OF OVERLOAD POINT CF AMPLIFIER.
2. MEASUREMENT OF AMPLIFIER GAIN.

3. TESTS FOR STABILITY OF V.F. REPEATERS.

4. THE CATHODE RAY TUEE.

5. TEST QUESTIONS.

1. MEASUREMENT OF OVERLOAD POINT OF AMPLIFIER.

1.1 Overload Characteristics. The approximate point at which an
amplifier overloads in actual operation can be determined by
relatively simple measurements of the amplifier behaviour. To
test the overload point of an amplifier, a direct current
microammeter is connected in the grid circuit of the output
stage valve, and & sensitive direct current milliammeter is
placed in the anode circuit. With 1 kilocycle per second input
to the amplifier, the gain is increased until either grid
current flows (for a Class A amplifier) or there igs a change
in Ia’ whichever happens first. Either occurrence indicates

overload. Reduce the gain until this effect disappears, and
then measure the power output. This power is then the overload
point. To detect this point in intermediate stages, the same
measurement can be made to each stage in turn.
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2. MEASUREMENT OF AMPLIFIER GAIN.

2.1 A convenient method of measuring the gain of an amplifier is
indicated in Fig. 1.

ATTENUATOR AMPLIEIER
i ——" {
B B
N e
~N DN 7/ |
OSCILLATOR \\\CA f/ i A.C. METER
\\i 4//

MEASURING AMPLIFIER GAIN.

FIG. 1.

2.2 A variable frequency oscillator, variable attenuator, an A.C.
voltmet er and a change-over key are connected as in Fig. 1.
With the key in position A, the oscillator output is adjusted
until a convenient reading is obtained on the meter. With the
key in position B, the attenuator is adjusted until the same
reading igs obtained. TUnder these circumstances, the gain of
the amplifier equals the loss in the attenuator.

3. TESTS FOR STABILITY OF V.F. REPEATERS.

3.1 As discussed in Paper No. 1 of Long Line Equipment II, the
stability of a V.F. circuit equipped with V.F. repeaters
depends on the accuracy of the match between the sections of
line and their balance networks.

The effect of an unbalance between the network and the line of
a repeater gives rise to "singing" or sustained oscillation
around the repeater circuit. This effect can be cbserved ag a
continuous tone in the monitoring headset. If a balance net-
work could be designed as an ideal match for a line at all
frequencies, the gain which could be used in the repeater would
be infinite, assuming that the hybrid coil or three-way trans-
former was, itself, perfectly balanced.

However, this condition does not exist in practice, and the gain
which can be utilised in a repeater is limited by the tendency
of the repeater to sing. The singing point is an expression for
the lowest gain in the circuit at which a repeater will sing.

/ The
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The maximum gain which can be utilised before "singing"
commences is taken as a measure of the degree of balance be-
tween the network and the line.

3.2 The following simple test has been developed for determining the
balancing conditions of a two-wire repeatered circuit.

This test, although not giving such accurate results ag may be
obtained with other methods, such as the impedance unbalance
Measuring Set, has the advantage that measurements may be made
rapidly, and that only standard two-wire repeaters are
necessary.

Referring to Fig. 2, one hybrid coil "A" may be readily con-
verted into a repeating coil by short-circuiting its line term-
inals and opening its network terminals. Alternatively, the
line terminals may be open-circuited and the network terminals
short ~circuited. These two methods of conversion are referred
to arbitrarily as "Positive Poling" and "Negative Poling", re-
spect ively. The current transmitted through the hybrid coil
with "Positive Poling" is in approximate phase opposition to
that transmitted with "Negative Poling". (When making 2 test,
both methods sheculd be tried, as usually it is found that one
phase relationship is -more favourable to singing than the other).

— 1<

‘ NET. —_— 00 20—

>

HYBRID COIL AS A REPEATING COIL.

FIG. 2.

The balance of the second hybrid coil "B" is tested by increas-
ing the gain in the amplifiers until "singing" is heard in the
receiver. This singing occurs when the gain in the amplifiers
is sufficient to equal or overcome the loss in coil "B", due
to the unbalance between the line and its network. The greater

/ the
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the unbalance between the line and the network, the smaller is
the logs in the coil and the more easily can singing occur.

The short-circuit and open-circuit are now changed over to the
opposite end of the hybrid coil "A". The reason for this
change can be explained as follows -

When the unbalance curremt, having travelled around the circuit,
returns to the input of the hybrid, it may or may not be in
phase with the original current at thisg point. If the returm
current is directly in phase, the singing point is lower than
when the current is out of phase, that is, the circuit has a
greater tendency to sing. Two readings are, therefore, taken
to discover the condition which brings the currents approx-
imately in phase.

3.3 The phase difference or rotation is brought about by the filters,

transformers, vacuum tubes and nature of the unbalance between
the line and network. Should it happen that, owing to line
troubles, the standard of balance between the line and network
is lowered and the repeater gain is not reduced by a corres-
ponding amount, the gain given by the repeater at different
frequencies will depart from normel values, giving rise to dis-
tortion.

This effect is illustrated by Fig. 3, which indicates the
advantage of reducing the gain when an out of balance exists
between the line and the network.

t should be remembered that the meximum gain which can be
safely worked from a telephone repeater is the singing point
less 5 db.

b STOP 7 QUALITY
EE IMPROVED.
w STOP 9 REPEATER
< 16} \ NEAR SINGING
5 POINT.

o

(Y]

4 8 F

o

[-'9

g

o ° 4 I} g

400 800 1200 1600

FREQUENCY{c/S)
SHOWING ADVANTAGE OF REDUCING GAIN.

FIG. 3.
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4. CATHODE RAY TUBE.

4.1 The cathode ray tube is a vacuum tube, in which the electrons
emitted from a hot cathode are accelerated to give them con-
siderable velocity, formed into a beam, called the cathode
ray, and allowed to strike a special translucent screen which
fluoresces, or gives off light, at the point where the beam
st rikes.

A narrow beam of moving electrons is similar to a wire carrying
current, and is accompanied by electrostatic and electromagnetic
fields which exert a force on the beam in the same wgy as
similar fields do on charged bodies or on wires carrying
current.

It will be readily appreciated that, since the beam consists
only of moving electrons, its weight and inertia are negligibly
small, hence it can be deflected easily and without any apprec-
iable time lag. For this reason, the beam can be made to
follow ingtantly the variationg in fields associated with
speech, carrier and radio frequencies.

4.2 Construction. The essentials of a typical cathode-ray tube are
shown in Fig. 1. The electrode arrangement, which forms the
electrons into a beam, is called the "electron gun". In the
simple tube structure shown in Fig. 4, the gun congists of the
cathode, grid and anodes Nos. 1 and 2. The intensity of the
electron beam is regulated by the grid in the same way as in an
ordinary tube.

UNDEFLECTED
CATHODE ANODE N° i BEAM

/

T

GRID ANODE NO2

FLUORESENT
SCREEN

DEFLECTION
PLATES

CATHODE RAY TUBE.

FIG. 4.

Anode No. 1 is operated at a positive potential with respect
to the cathode, thus accelerating the electrons which pass
through the grid, and is provided with small apertures through

which the electron stream passes and is concentrated into a
narrow
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narrow beam. This ancde is also known as the focusing elec-
trode. Anode No. 2 is operated at a high positive potential
with respect to the cathode, and further increases the velocity
of the electrons in the beam. The electron velocity and
sharpness of the beam are determined by the relative voltages
on the electrodes.

4.3 Bean Deflection. The gun alone simply produces a gmall spot on
the screen, but, when the beam is deflected by magnetic or
electrostatic fields, the spot moves across the screen in
proportion to the force exerted. When the motion is suffic-
iently rapid, retentivity of vision makes the path of the
moving spot appear in a continuous line. This is usually
termed the "trail".

In the tube under consideration, the spot of light may be
gshifted to any portion of the screen by means of the two sets
of electrostatic deflecting plates V and H. The deflecting
plates V produce a vertical shift in the pogition of the gpot,
while the spot is shifted horizontally by means of deflecting
plates H. In either case, the amount of deflection up or down,
to the right or to the left, depends upon the potential that is
applied to each set of deflecting plates, while the direction
of deflection is dependent upon the polarity of the applied
voltage.

Electromagnetic deflection of the beam is accomplished by means
of coils instead of deflecting plates. The coils are external
to the tube but are mounted close to the glass envelope.

4.4 Applications of Cathode Ray Tubes. The tubes are very useful in
circuit investigations. Magnetic deflection is satisfactory up
to a few thousand c/s, but electrostatic deflection has prac-
tically no upper frequency limit. The cathode ray tube itself
produces only a visual image on the screen, but, if a permanent
record is required, photographs of the image may be taken.

One of the simplest applications of the cathode ray tube is to
the measurement of voltage. The cathode ray tube may be used
t0 measure direct current or alternating current voltages. For
direct current measurements, the correct voltages are applied
so that the electron beam produces a spot of light in the
centre of the screen. The direct current voltage to be meas-
ured 1s then applied to one set of deflecting plates, causing
the spot of light to be moved in the direction and to the posi-
tion corresponding to the voltage on the deflecting plates.
When this voltage is applied to the vertical plates, the spot
of light will move either upwards or downwards, dependin§ on
the
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the polarity of the electrodes. The electron stream is, of
course, attracted to the positively charged plates, so that,
when the upper plate is connected to the positive side of the
voltage under test and the lower plate to the negative side,
the light spot on the screen will move upwards and assume a
pogition corresponding to the voltage being measured, or as
shown at "a" in Fig. 5a. If the connections at the vertical
plates are reversed, the spot of light is shifted to point "b".
The screen may be calibrated to give a direct reading in volts.

An indication on the screen may also be obtained by applying
the voltage to be measured to the horizontal plates. The
principle of operation is exactly the same as in the vertical
direction.

When an alternating current is applied to either set of de-
flecting plates, the spot sweeps back and forth with an ampli-
tude proportional to the peak value of the applied voltage. At
frequencies above 10 c/s, the sweep of the spot appears as a
straight line because of the persistence of vision. If an
alternating current voltage is applied to the vertical plates,
the image on the screen will be as shown at a-a' in Fig. 5b.

o= -~ op

@

(@
CATHODE RAY TUBE PATTERNS.

FIG. 5.
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If the same voltage is applied to the horizontal plates, the
image on the gcoreen would be in the direction of the horizontal
line b-b' in Fig. 5b. At the extreme ends, the line will
appear brighter than in the middle. This is due to the fact
that, at the peaks of the alternating current cycle, the volt-
age 1s changing least rapidly and, consequently, the spot of
light moves gomewhat more slowly and seems to glow more
brilliantly. This phenomenon may be readily visualised by
moving an electric torch rapidly up and down and viewing it
from a distance. The light will not appear as a gpot, but will
be similar to the vertical line shown in Fig. 5b.

An alternating current voltage may also be deflected in the
form of & curve on the screen of the cathode ray tube as shown
in Fig. 5ec.

In order to obtain this effect, both sets of deflecting plates
muist be used. The device whose voltage is under observation is
connected to the vertical plates, which results in the forma-
tion of a straight vertical line as shown at a-a' in Fig. 5b.
Suppose that another varying voltage is applied to the
horizontal plates, and this voltage moves the electron beam
horizontally (say, from left to right) a given distance for the
duration of one cycle and, at the end of the cycle, this volt-
age reverses and instantly shifts the beam again horizontally
(right to left) to the previous starting position. The result
will be the pattern shown in Fig. 5c¢. This pattern is repeated
for every cycle of applied alternating current voltage.

4.5 The Oscillogcope. A cathode ray oscilloscope is essentially a
cathode ray tube with the various electrodes comnected to their
respective voltage supplies, but with provision for supplying
a suitable deflection voltage on one set of plates, usually
those giving horizontal deflection. The deflection voltage is
called the "sweep" and is for the purpose of shifting the beam
horizontally, so that, when an alternating current is applied
to the vertical plates, 2 pattern similar to that shown in
Fig. 5¢c will be traced.

A gweep voltage of saw-tooth wave-sghape is generally the most
useful, because it moves the beam across the screen in one
direction and then returns practically instantaneocusly to move
the beam again in the same direction.

This is termed a linear sweep and has the advantage that it
shows the shape of the wave applied to the vertical plates in

the same way in. which it is usually deflected graphically.
The
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The shape of the pattern obviously depends upon thz shape of
the horizontal sweep voltage, and wave-sh@pes to provide other
than a linear sweep may be desirable for certain purposes. If
the horizontal sweep is sinusoidal, the main and return sweeps
each occupy the same time, and the spot moves faster
horizontally in the centre of the pattern than it does at

the ends.

If two sinusoidal voltages of the same frequency are applied to
both sets of plates, the resulting pattern may be a straight
line, an ellipse or a circle, dependent upon the amplitude and
phase relationships. If the frequencies are harmonically re-
lated, a stationary pattern will result, but, if one frequency
is not an exact harmonic of the other, the pattern will show
cont inuous motion. This is also the case when a linear sweep
is used. The sweep frequency and the frequency under observa-
tion must be harmonically related or the patterm will not be

st at ionaxy.

The cathode ray oscilloscope is employed in long line equipment
practice for analysing wave-shapes, checking phase and fre-
quency, observing relay contact bounce and & multitude of other
important tests.

5. TEST QUESTIONS.

1, How is "Amplifier Gain" measured?
2, Describe a typical cathode ray tube.

3, What are the uses of a cathode rgy oscilloscope in transmission
work?

END OF PAPER.
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