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This invention relates to non-reactive at-
tenuation networks adapted to be used for
current attenuation for measurements and

other purposes at radio frequencies.
§ In ﬁgld strength measuring sets and other

radio signaling systems, it frequently is de-
sirable to impress local oscillations upon a
certain portion of a receiver circuit. at-
tzrcn;{lting to govern the amplitude of these
10 locally applied oscillations it has been the
practice to use a potentiometer connected be-
tween the source of oscillations and the point
to which the oscillations are to be applied.
ﬁl issdvan th(;t\thls system is that, as the

15 adjustment o potentiometer is
: the impedance into which the" oecillator
works 15 altered, producing a variation in
the frequency of the oscillations pe: '
In order to overcome this di , & Dot-
20 work has been devised which comprises a
g‘l,urality of attenustion units which may
inserted at will to produce different ratios
of input current to output current without
altering the input impedance of the net-

25 work. : _
In constructing units of both high and low-
attenuation values for use at high frequen- -
cies adapted to work into the same termmat-

‘ _ing resistance to produce an attenuation net-
30 work having a constant input impedance as

- the number of units is varied, difficulties arise
due to the effects of undesired capacity and
inductance in the elements of the attenuation

units and in the connecting leads.

It is an object of this invention to increase
the facility with which attenuations of hi
frequency waves may be made and to
cilitate the use of apparatus for making and
" determining the magnitude of such attenua-
“tions. ; i ,

Another -object is to provide for varying
the attenuation of a-locally applied osecilla-
tion while maintaining constant the imped-
ance of the load into which the. oscillation

tor o ' '
- A foatur:k 'o£ tke miv:nht:gg lf:;;lmcy attenua-
. tion network for use in hi cy ap-
atus in which the effects of capacity and
inductance are negligible. -

' A further feature of the mventlonlsm

_units, hereinafter

_are connected to the high
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attenuation box for use in high frequency
apparatus in which units having different at-
tenuation values are adapted to work into
different terminating impedances. .
These objects and features of the invention
and others which will be apparent as the na-
ture of the invention is disclosed are attained
by employing an attenuation network com- -
posed of a plurality of units, each unit com-
rising a T-resistance network having neg-
Egible inductance and capacity. Certain
network units hereinafter called the high
attenuation units, such for example as those
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corresponding to attenuations of greater
than 10 decibe]s are desi to work into a 65
given terminating impedance, while other

designated as low sttenu-
ation units for example those co i

ding
‘to attenuations of less than 10 deci are

adaptad to operate with a different terminat- 70-

ing impedance. The low attenuation units
C attenuation units
by means of an L network which, taken in -
connection with. the impedance of the low
attenuation units presents the proper termi- 75
nation for the lngg attenustion units, - -
The shunt impedance of the low attenuat-
ing units is of such large value that the ca-
m'ty effect becomes troublesome at high
iance and the shunt impedancs of the
m ce an unt im ce of t
high attenuation units is of such small value
that it is incapable of being constructed non-
inductively when the conmecting leads are -
considereg unless the units are made of high
impedance, hence it becomes. desirable to
construct the various units to operate be-
tween different terminating im ces.
Although the novel features which are be-
lieved to be characteristic of this invention
will be pointed out with icularity in the
claims appended hereto, the invention itself,
its objects and advantages, the mode of its
operation and the manner of its organiza-
tion will be better understood by referring to
the fotlllldwmg. ing description dtra‘ken in gonnect\ ion
with the accompanyii wing forming a
part thereof in which ii" .-1 is a diagram-

matic representation of a signalling

embodying this invention, lnd"Fig‘.:g,is a 100
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view partly in section of one form of atten-

uation unit to be used therewith. :
Fig. 1 shows a source of oscillations 1, the
frequency of which is determined by the
tuned -circuit .composed of condenser 2 and
inductances 3 and 4. Inductance 3 also
serves as coupling means for transferring en-
ergy from the oscillator 1 to an attenuation

. network comprising sections A and B. En-
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ergy passed through this attenuation net-
work, is impressed upon a translating circuit
herein shown as a tuned loop aerial or an-

tenna circuit including inductances 5 and

tuning capacity 7, across the resistance 6 in-
serted between the inductances. Receiver R
may be any suitable form of apparatus to be
actuated by energy from the oscillation gen-
erator and may include a detector, such as a
rectifier, and suitable indicating means 19.
Section A of the attenuation network com-
prises units of different- attenuation values
which for purposes of illustration may be
considered as capable of producing current
ratios equivalent to 10, 20, 30 and 40 decibels,

each such network unit being composed of a -

T-resistance network 8 so designed that,
when the proper terminating impedance is
employed, the impedance looking into the sec-
tion remains constant irrespective of the
number of units connected in the circuit.
Section B is composed of units of lower at-
tenuation value such for example, as that of
1,2, 3 and 4 decibels similarly constructed of
T-resistance networks 9, but adapted to work
into a terminating impedance different from
that with which section A is designed to op-
erate. - S '

Section B is connected to section A through
a transition network composed of series re-
sistance 10 and shunt resistance 11 having
such values that the sum of the impedance of
resistance 10, and impedance of resistance 11
taken in connectionr with section B in parallel

. thereto, is equal to the required terminating

45

impedance for section A whereas resistance

- 11 taken in connection with section A in par-

allel thereto, presents substantially the prop-
er terminating’ impedance for section g
Section B is terminated at its other end in an
impedance consisting substantially .wholly

~ of resistance 12 'in series with resistance 6
* which is connected in the loop circuit. - Re-

G0

sistances 12 and 6 combined present the prop-
er terminating impedance for section B.
In Fig. 2 is shown a method of constructing
the various units 8 or 9 so that they may be
plugged into the circuit at will and when re-
moved the capacity of the units will be negli-
gible. Resistance units 8, which should be
wound so as to have a minimum of inductance
and capacity, are mounted on an insulating
plug 20 supported by and adapted to slide in
panel 21. - The inductance is reduced by mak-
ing the wires short and winding them non-
inductively in accoxdance with known meth-
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ods and the capacities are reduced by making
the resistances and the leads of as small area
as possible. Contacts 13, 14 and 15 make
connection between the three resistance units
and the line 16, 17 when the plug is in the
"position shown. With the plug pushed down
resistances 8 are disconnected from the line
16, 17 at contacts 13, 14 and 15 and line 16 is
completed by conducting bar 18 which then
connects contacts 13 an _
ance units are entirely disconnected in the lat-
-ter position their capacity to the line and to
ground will be negligible. .

~ An attenuating network of the type de-
scribed which has proven satisfactory at high
frequencies has been constructed with the
units of section A designed to operate be-
tween impedances of 200 ohms and the units

" of section B designed to operate betvween im-
pedances of 20 ohms. In this case resistance
10 was approximately 190 ohms and resist-
ance 11 was 20 ohms.  Resistance 12 was
taken at 19 ohms, leaving one ohm for the

- resistance 6 in the loop circuit.

When a potentiometer is used in place of

the atfenuation network herein described it .

14. As the resist-
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is extremely difficult’ to maintain the fre- -

quency of the oscillations constant due to the .

impedance being altered each time the atten-
uation is varied. In the operation of this cir-

-cuit the required number of units may be se-
lected to give the desired d of attenua-
tion ‘without effecting the impedance into
which the oscillator works.

Although ‘this invention has been shown
and described by way of illustration only as
applied to a specific system in a particular
manner, it is not to be limited théreto but only
in accordance with the scope of the invention
as defined by the following claims.

‘What is claimed is: s '

1. In a system including a source of oscil-

106

lations and a load circuit, means for varying -

the attenuation of said oscillations compris-
ing an attenuation network composed of a
plurality of attenuation units each having a
fixed attenuation characteristic: which is

different from that of the others, comprising

groups each having a constant characteristic
impendace regardless of the number of units
‘and adapted to operate between: different
terminating impedances, and me#ns for in-
serting each unit in the network at will while
maintaining a continuity of circuit between
the remaining units, said network being con-
“nected between said source of oscillations and
said load. o o
'2. In a radio receiving circuit including a
loop aerial and a source of high f
oscillations, a resistance included in said loop,
a tuned circuit adapted to establish the fre-
quency of said oscillations, an attenuation box
connecting said tuned circuit and said resist-
ance, said attenuation box being composed of
- & plurality of T-resistance units of different
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attenuation values, certain of said units, com-

bined in one group, being adapted to operate
with a lower terminating impedance than
other of said units, combined in another
group, the groups being connected through a
resistance network including a series and a
shunt resistance of such values that the input
impedance of the attenuation box remains

" substantially eonstant irrespective of the

10
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number of units connected in the circuit.

3. A resistance unit for inser_ting a T-
resistance network in a line comprising a
plurality of resistances, an insulating contact
supporting means, contacts carried thereby
whereby said resistances are connected to said
line in one position and whereby said re-

-sistances are disconnected from the line in

- another position, and other contacts also car-

20

ried by said supporting means' for closing

said line when the unit is in the last men-

- tioned position.

4. A system comprising a source of local
oscillations, a load circuit, an attenuation
network interconnecting said source and said

load, comprising a plurality of units of dif-.

ferent attenuation values comprising a plu-

- rality of groups, the attenuation values for

30

the units in each group occupying a range
different from that of the other groups and
each such group being adapted to operate
with a different terminating 1mpedance than
the other group, and a transition network
for connecting each pair of adjacent groups
of units. o

5. In a system, a space discharge oscilla-
tor, a frequency establishing circuit, and a
receiving circuit in combination with an at-
tenuation box connected between said fre-
quency establishing circuit and said receiv-
ing circuit, said attenuation box being com-
posed of a plurality of T-resistance units
having different attenuation values and com-
prising a plurality of groups adapted to op-
erate with different terminating impedances,
and a transition resistance network for con-
necting each pair of adjacent groups of dif-
ferent terminating impedance in such man-
ner that the impedance of the attenuation box
as a whole remains constant while the num-

~ber of units is varied.

6. In a system of the character described,
an attenuation network comprising a series
of units of different attenuation values, said

. units comprising a plurality of groups, the

65

»of units of dii_ferent attenuation

attenuation values for the units in each group
occupying a range different from that of
each of the other groups and each such group
being adapted to operate into a different ter-
minating 1mpedance from that of the other

‘groups, each pair of adjacent groups being -
connected by a transition network compris- -

ing a series and a shunt resistance. :
- 7. In a system of the character described,
an attenuation network comprising a series
ues, said

units comprising a plurality of groups, the-

attenuation values for the units in each group

occupying a range different’ from that of
the other groups and each such group being
adapted to operate into a different termi-
nating impedance from that of the other
groups, each pair of adjacent groups being
connected by a transition network compris-
ing a series and a shunt resistance of such
value that said series resistance and shunt
resistance combined and taken with the sub-
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sequent series of groups, present the proper -

terminating impedance for one of each of
said connected groups constituting a pair,
and said shunt resistance taken with the sub-
sequent series of groups looking in the op-
posite direction presents the proper termi-
nating impedance for ‘the other of each of
said connected groups constituting a pair.

8. In a system of the character described, \

an attenuation network comprising a series
of units each composed of a T-resistance net-
work, said units having various attenuation
values, said units comprising a plurality of
groups adapted to operate into different ter-
minating impedances, each pair of adjacent
groups being connected by a transition net-
work comprising a series and a shunt re-
sistance of such values that their combined
resistance, taken with the subsequent series
of groups, presents the proper terininating
impedance for one of each of said connected
groups cobstituting a pair and the shunt re-

groups looking in the opposite direction,

presents the proper- terminating impedance .
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" sistance, taken with the subsequent series of

of the other of each of said connected groups

constituting a pair.

9. A system comprising a source of local

oscillations, an attenuation network connect-
ed thereto and a work circuit to which energy
1s transferred from said source through said
attenuation network, said attenuation net-

work comprising a series of units each com-

posed of a T-resistance metwork, said units
having various attenuation values, said units
comprising a plurality of groups adapted to
operate into different terminating imped-
ances, each pair of adjacent groups being

connected by a transition network compris-

110

ing series and shunt resistances of such value .

that their combined resistance, taken with
the subsequent series of groups, presents the

proper terminating impedance for one of -

each of said connected groups constituting a
pair, and the shunt resistanee, taken with the
subsequent series of groups looking in the
opposite direction, presents the proper ter-
minating impedance of the other of each of
said connected groups constituting a pair.

In witness whereof, I hereunto subscribe

my name this 8 day of April, A. D. 1925.
" JOHN F. FARRINGTON.



