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- 6 Claims.

| Tl’LS 1111?@11131013 rela,te':: to variable autemla,tmn
rtetworlfs -

" In g varmble attenuatmn networh of
bridged T type, two switch arms are 3 imultance-
ously moved over two sets of contacts connected
to two sets of series-connecied resistance units o

vary the resistance in the arms of the network

“while maintaining the impedance substantialiy
constant, the resistance units being so designed
that the attenuation is varied in equal increments.
In crder to keep the coverall impedsnce constant,
the individual resistance units must be wound
within tolerances of 2%. It is extremely difficult

to wind resistance units of lower value than one

ohm within such limits in production and
furthermore resmta,nce umts about 5,600 ohms
are difficult to wind non- mductlvely 1unless
"separate spools are used. This increases not only
the cost of manufacture, but also the size of the
attenuator and slows down production.

An object of this invention is an attenuation

network in which the use of extremely small

and extremely high resistance units is obviated
thereby  facilitating its manufacture and
minimizing its cost.

In an attenuation network embadmng the_

invention, a pair of series connected resistors of

fixed value are bridged by a variable resistance
and a variable shunt resistance is connected be-
tween the first-named resistors.
“impedance networks

that the attenuator is controlled at the higher
attenuation positions by keeping the _bridged re-
sistance constant and varying only the shunt

element while for low impedance networks, this

arrangement is reversed, that is the shunt ele-

ment is kept constant while the bridged resist-
In this latfer- condltlor_, t‘le_

ance is  varied.
attenuator is converted from a bridged T type o

a = type at the higher attenuation Bmmm‘n“
In the case of a high impedance network at high
attenuation steps, the resistance values in the
shunt arm are designed to control the network
loss veriation while the bridge arm is kept con-

stant and in the case of low impedance network

gt the higher attenuation settings, the 1“@5151, NCe
values of the bridged arm are de&gn@d to centiol
the nevtwork 1oss vavlatwn whﬂe the snunt I

is kept constant.

In another bype of high 1m]oedance network it

s posszble to maintain the nominal input ard_

output impedance within lmiis of b9 after
total of 20 decibels a,ttenuatlon has heen reac hed
by first varying the bridge arm for a few steps

while holding the shunt element consiant and -

thﬂ. |

~limits.

Por some high
the arraangement is such

tween the binding posts 16 and ¢

- contacts C—28 to C—--!E:

(Cl. 178—44)

then opening the bridge arm entirely and varving
the shunt arm in logarithmic fashion simalar 1o

the variations in a potentiometer. In zil types

the change in the electrical circuit of thé nei-
work: itself, is permisszble only in the higher

attenuation values.
certain amount of  attenuation will m*nnleeely
shield impedance variations even of
values from being measured thru the abwnaa:ser
In these cases, the impedance variations wiich

varying the other, occur within the network itself

Xireme:

it is a2 known fact that a

10
take place by keeping one elerent consiant 3 while

and 11'1adsnlut::]mt as the attenuation of the network

is approximately 30 db. in both directions, the

impedance variations which are presented to the

attenuator terminals are within commercial

is kept constant whﬂe tne brldge ehement 1s

varied.

Other ob;lects novel fea,tures and amvaﬂtage“

~ of this invention will become apparent from the

following spemﬁcat"'on and accompanying draw-
ings, wherein:

Fig, 1 111ustra,tes dlagra,mmatmally S mﬁh im-

pedance network embodying the invention,;
Fig. 2 illustrates diagrammatically a low im-

pedance network embodying the invention; and

15

Actua,lly, the network is changed from a
~bridged T to a = whenever the shunt resistance

20
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g, 3 illustrates diagrammatically another

high impedance netwerk embodying the inven-
tion. |

In PFig. 1, M
and coMmmOon termmﬂls respectively. A re_:lqtm
{3 is connected in series with a_rem shor 14 Dbe-
A re&istance
{5 has one end connected bemm?} the binding

plumhty of units for which saxe provided e
Additional
C—iT, C—i§ and C—Ii9 are strapped tc the
contact C—I6. - A switeh arm |
between the resistor {4 and the cutput terminal
Ll and is dF'-‘Slgrlf-"d to mgage the
to C—i8 and also a contact C—20 which is ar-
ranged after the contact C—i8 and 1S UNCONL-
nected to the resistance 15. A resistance 7 is
connected at one end to the hinding sost 12 and
is composed of a plurality of units for which are

16 is connecived

contacts C—8

[f and 12 are the inpﬁt oﬂtput |

35

post 18 and the resistor {3 and is composed of a

'LJOT-ltULtiB o

40

45

provided contacts C'—1{ to C'—=28. A swit ..,,h ary

{8 is designed to engage the mmac‘" C—-3 which
is arranged ahead. ci the contact C'—I but is
unconnectad to the resistance {71 and if;: q'f':“ﬁ dﬁ--
signed 10 engane the contacts C’/—1

this switeli arm. being interconnected Wﬂhﬂ mﬂ.

switch arm {6 for almulmnwu mavemeﬂi there-

50
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with so that the two switch arms at all times
engage corresponding contacts of the resistances
(¥ and 7.

Zero attenuation is obtained with the switeh

arms {6 and 13 respectively engaging the con-
tacts C—8 and C’~—0 in which condition the re-

sistance I3 is short-circuited and the resistance

iT is opened. When the switch arms (6 and {8
engage contacts C—I1 and C’'—/{ respectively, the
first increment of attenuation is ohtained and
with this arrangement the network is of the
bridge T type. Attenuation is increased by mov-
ing the switch arms 16 and i8 over the contacts
and after the switch arm {6 engages the contact
C—i6, the network is controlied by the varia-
vions in resistance obtained in the shun: arm
only. From contact C—16 to C—19, the condi-
tion of a bridge T type attenuator is mainiained.

but with no change in the value of the bridgesd

resisvance. ‘The attenuator variation for the ilzst
tiaree steps is effected solely by changing the re-
sistance value in the shunt arm. The high value
resictance units which would have been required
for a standard bridge T type attenuator are thus
ogbviated while the higher attenuator resistance
units in the shunt arm all exceed ocne ohm in
valie.

in the attenuator just described, the resistors

i3 and 14 are of rather high impedance, for

30

example, 800 ohms and with resistors of this
value, the resistances 15¢, 150 and (5a are re-
spectively approximately 2583 ohms, 3220 ohmis
and 4100 chms, while the resistances (Te, 74, i1c,
[ib and i1a are respectively 4.40 ohms, 3.45 ohms,
2.63 ohms, 4.19 ohms and 3.06 ohms. With the
standard bridge type attenuator, the resistance
units beitween contacts C—I16 to C—I9 respec-

- tively will be of much higher value than §5a and

b5
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the avoidance of these resistances simplifies the
manuiacture of the attenuator and reduce not
only its cost but also its size.

In Fig., 2, 10, |l and {2 again indicate the in-
put, output and common terminals respectively.
Also, 13 and 14 indicate resistors connected in
serles pbetween the terminals I8 and 1. A re-
sistance 5 has one end connected between the
input terminal {0 and the resistor (3. This re-
sistance is composed of a plurality of units for
which are provided contacts C—0 to C—i8. A
pair of open contacts C—19 and C—20 are pro-
vided after the contacts C—I8. A switch arm
{8 adapted for engagement with the contacts
C—4 to C—28 is connected between the resistor
{6 and the terminal {f. A resistance {7 is con-
nected a2t one end to the terminal 12 and is com-
rosed of a pluralify of units for which are pro-
vided contacts C'—I to C’'—I16 inclusive, C’—19
and C'—28. Contacts C'—I17 and C’—I8 are
strapped between contact C’—I16 and contact
C’'—18. A switch arm 18 desighed to engage the
contacts C'—8 to C'—20 is connected between
the resistors 13 and 14 and is mechanically inter-
connected to the switeh arm 16 for simultaneous
movement therewith so that the two switeh arms
at all times engage corresponding contacts.

22ro attenuation is obtained with the switch
arms & and I8 respectively. engaging the con-
tacts C—0 and C’'—0 and the attenuation is in-
creased by moving the switch arms over the con-
tacts, the first increment of attenuation being
eifected with the switch arms engaging the con-
tacts C—! and C'—I respectively. The network
remains of the bridge T type until the switch
arms are brought into engagement respectively
with the contacts C—i6 and C’—I16, at which

2,184,104

point the netwerk is contacted into a = type at-
tenuator in which the resistance 15 forms the
top and the resistances {3 and (4 form the legs
in Series with that portion of the resistance IT
lying between the contacts ¢'—I18 and C’—28.
This condition is maintained while the switch
arms are brought successively into engasement
with the contacts C—18 to C—i8 and C’'—I8 to
C’—18. The small resistance uynits which would
be required in a bridge T type network between
the contacts C-—16 and C—i{9 are obviated and
the attenuator is compensated for by use of larger
resistance units between contacts C—16 to C—189
than would be reaquired in the bridge resistance
o0f a bridge T type network.

In the attenuator of Fig. 2, the resistors 13
and I4 are of low impedance, for example, 15
ohms. With resistors of this value, the units {5/,
e and 195d respectively are approximately 122
ohms, 495 ohms and 1985 ohms, while the re-
sistance unit 77 is approximately 3.87 ohms.
The resistances i5d, i5e and (5f while compara-
tively large are still considerably less than 9,000
ohms and are, therefore, easy to produce and of
low manufacturing cest while the resistance 175
is of stich. size as also to present no manu-
facturing difficulty.

7ig. 3 discloses an embodiment of the inven-
tion in which the resistors (3 and 14 are of
higher impedance, for example, 600 ohms. The
resistance 9% consists of a series of 17 resistance
units for which are provided contacts C—_8 to
C—I17. Beyond contact C—i{7 are provided open
contacts C—I18 to C—30. The resistance [T con-
sists of a series of 14 resistance units for which
are provided contacts C'—8 to C’—{5 and a2
second series of 13 resistance units for which
are provided contacts C'—I8 to C’—30, there
being contacts C’'—186 and C'—i{1 strapped be-
tween contacts C'—1{5 and C'—1{8. Switch arms
6 and {8 are provided as in the other modifica-
tions for simultaneously engaging corresponding
contacts. Minimum attenuation is obtained with
the switch arms {6 and 18 respectively engaging
the contacts C—8 and C’—8. TUpon to step 5
there is no change from a standard bridge T
attenuator. For the next three steps the net-
work is in = form with the shunt resistance con-
stant and the series arm varying in much larger
value than would be required in a normal bridge
T network. From step {7 to step 30, the brideged
element is open so that 13 resistance windings
are cobviated and attenuation is controlled by
aajustment of the shunt arm only. The units
in the resistance {7 from contact C—18 to the
terminal 12 form a logarithmic variation equiv-
alent to potentiometer desiesn to maintain equal
inerements in decibels. These units are of larger
value than would be required in a standard bridge
T and are therefore easier to manufacture. All
told 16 resistors are chviated by the arrange-
ment just described which nermits the manufae-
ture of a heretofore physically impossibie thirtv-
step attenuator having the characteristics of g
T network. When the attenuation is controlled
by the shunt element, that is from step 8 to
step 38, the two 600 ohm resistors form the se-
ries element of the attenuator and the resisi-
ance of the shunt element is not over 20 ohms.
Under this condition, the imapedance presented
to the input or output terminals cannot exceed
the commercial tolerance of 59%,. In o standard
bridge T, the bridged resistances for steps {8
to 3% would increase rapidly to approximately 14
megohm while the shunt resistors would be less
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than one-half ohm for the last six steps.
resistance units 154, 1572, and 15g respectively
are approximately 3,919 ohms, 11,626 ohms and
31,000 ochms while the reslsiors 1% to tis vary

from 4.06 ohms to .235 ohm, all of which present
ne particular manufacturmg probiems..

In the attenuator illustrated in Figs. 1 and 2,

engagement of the switch arms (¢ and 18 with
the contacts C—29 and C'—28 opens the resist-
ance §5 and short-circuits the resistance i1 and
the same condition exists in the attenuator of

Tig., 3 when the switch arms {6 and {8 respec-

tively engage the contact C—38 and C'—30. 'The
attenuator of Fig. 2 becomes a straight T type
when the switch arms 16 and 18 engage the con-
tacts C—16 and C’'—18 while the attenuator of
Fig. 8 becomes a straight T type when the switch

arms 18 and {8 engage any of the contacts from

C—I8 and C¢'—I18 to C—38 and C'-—-—%@

I claim:

i. In an mtenustwn network a pair of fixed
resistances connected in series, a third and a
fourth resistance, an equal number of contacts
associated with esch of said third and fourth
resistances, certain contacts of one of said third
snd fourth resistances being strapped together,
and a pair of interconnected switch arms adapied

- to simultaneously engage corresponding contacts,

30
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said third resistance and its asscociated switch

arm being bridged across said fixed resistances
and the contact switch arm for said fourth resisi-

anece bemg connected betweeﬂ said fixed resist-

allCeEs,

2. In an attenuation network,.a. pair of fixed

resistances connected in series, a third and a
fourth resistance, an equal number of contacts
associated with each of said third and fourth
resistances, certain contacts of said third resist-

ance being strapped together, and a pair of inter-:

connected switch arms adapted to simultaneously
engage corresponding contacts, said third resist-
ance and its associated switch arm being bridged
across said fixed resistances and the contact
switch arm for said fourth resistance bheing con-
nected between said fixed resistances.

3. In an

associated with each of said third and fourth
resistances, a plurality of contacts at one end of
said third resistance being open and certain in-
termediate contacts of said fourth resistance be-

‘between

attenuation network, a pair of fixed
resistances connected in series, a third and a
fourth resistance; an equal number of contacts

3

nected switch arms adapted to simultaneously en-

‘gage corresponding contacts, sald third resistance

and its associated switeh arm being bridged across
said fixed resistances and the contact switch
arm for said fourth resistance being connected
said fixed resistances.

4. In an attenuation network, a pair of :ﬁxed
resistances connected in series, a third and a
fourth resistance, contacts associated with each

of said third and fourth resistances, a pair of

switch arms interconnected for simultaneous

movement to engage corresponding contacts of

said third and fourth resistances, said third re-
gsistance and its associated switeh arm ‘being
bridesed across said fixed resistances and the con-

tact switch arm for said fourth resistance being

connecited hetween said fixed resistances, said

 fourth resistance having g greater number of

units than said third resistance whereby in
certain high attenuation positions of said switch

arms said third resistance is open, and said fourth

ing strapped together, and a pair of intercon-

10

20

registance having zero resistance between certain

mtermedlate contacts.

5. In an attenuation network, a pair of fixed
resistances connected in series, a third and a

fourth resistance, an equal number of contacts

associated with each of said third and fourth
resistances, certain contacts at the high attenua-
tion end of one of said third and fourth resist-
ances being strapped together, and a pair of in-
terconnected switch arms adapted to simuitane-

25

30

ously engage corresponding contacts, said third

resistance and its associated switch arm being
bridged across said fixed resistances and the con-
tact switch arm for said fourth resistance being

connected between said fixed resistances.

6. In an attenuation network_ a pair of fixed
resistances connected in series, a third and &

fourth resistance, an equal number of contacts

associated with each of said third and fourth

resistances, certain contacts at the high attenua-
tion end of said third resistance being strapped

together, and a pair of interconnected switch

arms adapted to simultaneously engage corre-
sponding contacts, said third resistance and its
associated switch arm being bridged across said
fixed resistances and the contact switch arm for

said fourth resistance being connected between
said fixed resistances.

JOHN P. SMITH, Jr.
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