





















































connecting feeders to the cables and the connections
to the cable must not introduce additional crosstalk.
A further important point, which is satisfied if the
screening is good, is to ensure that no current is sent
along the outside of the cable used for transmitting
the power and that no current on the outside of the
cable used for receiving the power can be transferred
to the receive element. It has been found essential
to use interconnecting feeders constructed from copper
pipe throughout, and to make connections from the
feeder to the cable with rather elaborate devices
which screw on to the cable end and grip the copper
pipe feeder by a long close-fitting bush. However,
by taking the utmost precautions it is believed that
the actual cable crosstalk attenuation can be measured
with an error not exceeding 2 or 3 db.

A further difficulty in measuring near-end crosstalk
attenuation arises from the nature of the charac-
teristic. The elementary contributions to the cross-
talk all travel different distances along the cables,
and therefore the phase relations of the contributions
are random at the near-end of the cable. This fact
causes the crosstalk attenuation at the near-end to
have peaks and crevasses, and on long lengths of
cable these occur every 10 or 20 kc/s. Thus, very many
measurements are necessary to determine the true
shape of the characteristic and the frequency must
also be measured accurately.

Using the frequency changing apparatus a very
large amount of work has been carried out on cable
crosstalk attenuation, and the screening properties of
various types of cable termination boxes have been
examined in detail. The results obtained require far
too much space to allow inclusion here, but Fig. 8
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shows the type of near- and far-end crosstalk attenua-
tion characteristics associated with a well screened
four-core coaxial cable.
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Use oF THERMO-JUNCTIONS AT HiGu
FREQUENCIES

Thermo-junctions have been used for measuring
current at very high frequencies, and much has been
written on the subject. Their use in the Post Office
for cable measurements has been restricted to fre-
quencies below about 30 Mc/s; the reason for this
being that more suitable methods were available
whenever measurements have had to be made at
higher frequencies. Thermo-junctions are funda-
mentally current measuring devices, but can, of course,
be modified to measure voltage. Thus, when impe-
dances are to be measured the voltmeter and ammeter
method must be used, and this only gives the magni-
tude of the impedances. Modifications of this simple
method are available, which allow the angle of the
impedance to be found also, but they have not been
used because it is considered that the accuracy
obtainable would be poor. Fig. 9 shows an arrange-
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ment which has been used satisfactorily for the
measurement of input impedance and insertion loss
of cable at frequencies up to 30 Mcfs. The resist-
ances R, and R, when shunted by their respective
junctions are adjusted to have values equal to the
characteristic impedance of the cable. From the
voltages V, and V, the input impedance can be
obtained and the additional voltage V, enables the
insertion loss to be calculated. This method has many
disadvantages, some of which are :—

(1) The meters are sluggish and setting errors are
considerable.

(2) The resistance of the junction changes with the
current through it.

(3) The amount of attenuation which can be
measured is limited to less than about 6 db.,
and if it is too small it cannot be measured with
any degree of accuracy.

Apart from any special advantages of the method
which may occur in particular cases the only advan-
tages of the method would appear to be that it is
simple to use and measurements can be made quickly ;
waveform errors are not important. It can, of course,
easily be applied to balanced cables.

THE LocALISATION OF CABLE FAULTS AND
MEASUREMENT OF INPUT IMPEDANCE
IRREGULARITIES.

Faults on high frequency cables are not easy to
locate by usual methods, and it is often necessary
to use high-frequency methods. If the attenuation
between the end of the cable and the fault is not too
great, say less than 10 db., the position of the fault
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constant while part of the vapour changes into a liquid.
In passing through thc regulating valve, there is a
further fall in temperature due to the expansion of the
mixture of vapour and liquid carbon dioxide. It is
this cold refrigerant which passes through the coils
of the evaporator and gives the required cooling effect.
The temperature of the refrigerant remains steady
until all the liquid carbon dioxide has been evaporated
in the coils of the evaporator and then rises once more
as the vapour is superheated prior to return to the
compressor.

Air Flow Measurement.

Before the air conditioning plant could be operated
intelligently it was essential that means should be
provided for measuring the quantities of both fresh
and recirculated air being passed into the system at
any given time. Various methods are available for
the measurement of air flow in ventilating ducts,
but the most satisfactory method is probably
that in which the velocity head is measured
directly.

‘Where extreme accuracy is required it is necessary

to take velocity head readings at a number of points -

over the cross section of the duct and then, after
converting the velocity head figures so obtained into
velocities, their average is multiplied by the cross
sectional area of the duct at the point of measurement.
The resulting product gives the total quantity of air
passing. However, provided a fair length of straight
duct work with uniform cross sections exists where
the mecasurement is required, it is possible to find
some point in the cross section where, for all practical
purposes, the velocity corresponds to average velocity.
By fixing a Pitot tube (combined facing and side tube)
in the duct at this point, the inclined tube gauge
to which the pitot tube is connected can be calibrated
to register directly in cubic ft./min.

There are several limitations in this method, two
of which are as follows. The first, which has been
mentioned already, is that it is essential that measure-
ments be taken at a point where the duct work is
straight and the cross section uniform for some
distance prior to the test point and a shorter distance
after, travelling in the direction of the air stream.
In many installations, the number of bends in the
ductwork renders accurate measurement impossible.
The second limitation is that velocities below about
5 ft./sec. do not provide sufficient velocity head to
enable the inclined tube gauge to be read with any
degree of accuracy. For example :—

V=4000 4/h (where V=velocity in ft./min.
and h=velocity head in inches
water gauge).

s At 5 ft. sec., 5x 60=4000 4/h
~4v/h =075
.~ h =.005625

Thus, using an inclined tube gauge with 20 to I
magnification, the largest magnification that can be
obtained for practical use, a reading of just over 1/10th
inch is obtained. Although readings of less than
1/10th inch can of course be taken, small inaccuracies
of mecasurements are subject to quite large errors
when converted into terms of quantity.

The measurement of the quantity of recirculated
air was comparatively simple, as a suitable straight
length of ductwork was present in the recirculation
duct where the section was uniform, and the velocity
sufficiently high to permit the adoption of the method
outlined above.

The measurement of the quantity of fresh air was
not so simple however. Access to either of the main
intake shafts for measurement of air flow was pre-
cluded for structural reasons, so the only alternative
was to measure the total quantity passing through
the main fan and by subtracting the recirculated

_air quantity, the volume of fresh air passing could be

found. The problem then arose as to where the
measurement should be taken. The ductwork on
the discharge side of the fan was subject to the first
limitation mentioned above, and that on the input
side subject to the second. The calculation of air
flow by the mecasurement of velocity head had
therefore to be abandoned.

The method finally decided upon was to make use
of the fact that there is a definite loss of total head
across the air conditioning plant when air is passing
(due mainly to the resistance of the pre-heater and
after-heater and the eliminators on either side of the
spray cooler), and that this loss varies approximately
as the square of the quantity passing. On measure-
ment, it was found that when the full quantity of
air was passing through the main fan, a loss of about
4 in. w.g. was incurred. This, on an inclined gauge
with ratio 20:1 would give a 10 in. reading and so
cnable any measurement over the range required
to be obtained quite accurately. Owing to the small
increase of resistancc introduced when the sprays
of the spray cooler were used, two scales had to be
prepared, one showing the quantity of air passing
with the sprays in operation and the other showing
the quantity without the sprays in operation.

Conclusion.

In conclusion, the author desircs to acknowledge
his indebtedness to Mr. R. T. Pocock, of the London

.Telecommunications Region, and to his colleagues in

the Engineer-in-Chief’s office for assistance given in
the preparation of this article.
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