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1 Claim. (CL 178-—44)

The present invention relates to retardation de-
vices for use in electrical transmission systems.
It is well-known that the operation of certain
devices in transmission systems is sometimes con-

5 trolled by the communication currents, and in
this.case, it is generally necessary to retard the
subsequent transmission of these currents in or-

der to permit the previous operation of the dev1cesA

controlled.

10 'The retardation devices usua,lly employed com-
prise network sections composed of series con-
nected inductance coils and shint condensers. In
order to obtain an appreciable retardation, it is
necessary, however, to use a large number of these

15 sections, which beécomes very expensive.

" The present invention has for object to over-
come the above disadvantage and provide a new

type of retardation section which allows of obtain-

ing.a much greater retardation than with the
20 sections hitherto employed.
A second .object of the invention is fo prov1de
a retardation section whereby the retardation of
the ciirrent is, for a wide band of frequencies,
indépendent of the frequency of the said cuirent.
25  .Other ohjects and advantages of the invention
will be apparent from the description taken here-
inafter with reference to the accompanymg dra.w-
ings, in whicéh:
Figs.. 1,- 2 and 3 represent diagrammatically
30 sections of retardation networks constructed ac-
cording to the invention.

Fig, 4 represents the type of retardation sec-.

tion customarily employed hitherto.
Figs. 5 and 6 represent retardation curves of
385 the network sections described with reference to
Fig. 4 and Fig. 1 respectively.

With reference to Fig. 1, the quadripole section
according to the invention is of the diagonal cross-
connected type and is composed of series-con-

40 nected inductances

L

4
cross-connected condensers
K

2
and two condensers

C
so 7

connected in shunt at the ends. The inductance -

is advantageously formed, in the style of a Pupin
coil, by two windings. wound round a core. In
66 Pig, 2, the network section according to Fig. 1 is

illustrated in its eqmvalent T form. Further, by
a suitable arrangement .of the two windings, the
condensers placed in the diagonal branches. may
be replaced wholly or i part by the uniformly
distributed capacity of the two windings; such
a section is diagrammatically represented in Fig.
3. The end capacities

C

-2

are not shown in ‘bhls ﬁgure

"The artificial Jines hitherto employed are com-
posed of sections, one of which is illustrated in
Fig. 4. ‘The-pulsatance corresponding to the cut-
off frequency -of this network secf,mn 1s

[2) ';—-——2

I

and within the transrrﬁssiqn band fhe phase.con-

stant per section is given by thé equétion:
. sin 2=
2_.‘%‘_7

It is known, on the other hand, that the dura<

tion ¢ of the propagation; (i. e., the retardation
time) per section, is given-by:

= do
that is, by taking:" =

t="Baty— @)

The curve in Fig. 5 represents the graph of ¢
as a function of . From this curve, it is seen
that for a frequency fi corresponding to 1, the
retardation time ¢ is given by:

2 1

=‘Tc -v 1 —"‘)121
But the duration of the transients of the trans-
mission system, which may be calculated by the

formula:
da) da\ __
dw de)™2

minimum, (where wo==0), has been increased y
the quantity r, where:

=Ly
wd V1=—ad -

If N similar sections are used, the duration of

“the transients will be increased by N+,
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This effect may be harmful for it is generally
endeavoured, in transmission systems, to limit
the duration of the transients as much as possible.

This detrimental effect can only be diminished

& by choosing for e a higher value, which reduces
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71. But at the same time, the value of ¢ is re-
duced. One is then led to increase the number
N of the sections in.order to retain the same re-
tardation value.

It will be shown in the following that with sec-
tions constituted according to the present inven-
tion, the variation of the retardation with the fre-

quency is rendered absolutely negligible for a con-

siderably wider band of frequencies than was pos-
sible with the section illustrated in Fig. 4. The
duration of the transients is therefore increased
only by a negligible quantity. Moreover, the con-
stant value of the retardation for the sections
proposed is considerably higher than the mini-
mum value of the retardation obfained with or-
dinary sections having the same cut-off frequency.

‘The phase constant of the sectmn shown in Fig,
1 is given by the ‘equation: .

lsz(K-'I-C)
a=cos™} 1__2_ 1+Kiw2'
or.; e
1 wyL(K+C)

sin? — T RL&? [

' i \/1 +KLw (2
It is deduced from this Equation (2) that the pul-
satance corresponding to the cut-off frequency
of the section is:

-2

. T4Ic

as for the section of Fig. 4.

If we put: -

Wo

C 1
K4 C—-;or K= C(;—l)

e
w.?’

the Equation (2) becqme_s':&_'

inS 7 ’
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The retardation time ¢ is given, from Equations
(1) and (27), by:
da 2 1 €
t=da . JT—g @t A=)
In Fig. 6 tis plotted against 5 for several values
of . It is seen that for ¢ approximate to 0.6,

-which corresponds to:

2
K——’é‘C

the retardation time varies but very slightly with
the frequency for a wide frequency band, hence
there is but a very slight increase of the dura-
tion of the transients. Moreover, the constant
value of retardation is considerably increased in
comparison . with the curve =1, which corre-
sponds to the value K=0, that is to say there-
fore, in comparison with the section of ordinary
line illustrated in Fig. 4 and having the same cut-
off frequency. . For «=0.6, the increase is about
30%. To obtain a pre-determined retardation
without increasing the duration of the transients
by too large a quantity, & much smaller number

of sections will thus be necessary, by employing’

the present invention, than would be the case
with an artificial line constituted from sectlons
such as that of Fig. 4.

On the other hand, the new network sectlons
according to the invention having but a single

inductance, like ordinary sections, their cost will

not be appreciably hlgher
I claim:—
An electric retardation network section con-

sisting essentially of a network of the diagonal

cross-connected type having inductances in the
series. branches and capacities in the shunt
branches thereof, and capacities shunfed across
the ends of said network, said inductances and
capacities being proportioned such that the pul-
satance corresponding to the cut-off frequency
of the section is the same as that of a simple
series-shunt type network having the same cut-
off frequency and the capacity in each diagonal
of said cross-connected network is approximately
equal to 0.6 times the value of the capacity shunt-
ed across an end of the said network
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