UNIT-2
Attenuators

Attenuators in Network Analysis:

In various transmission equipments, it is many times required to supress or
reduce the levels of the currents and voltages at certain points. To fulfill the
need of attenuation, a four terminal resistive network called attenuator is
used. Attenuators in Network Analysis are designed to provide a known
amount of attenuation between input and output terminals without
changing the matching of the impedance at a given value. Attenuators are
resistive networks, so all frequencies are attenuated by same degree of
amount preventing attenuation distortion. As all the components are
resistive in the attenuator networks, no phase shift will be introduced by such
networks. Hence the phase constant () will be zero and the propagation
constant (y) will be equal to only the attenuation constant (o).

Attenuators in Network Analysis are either symmetrical or asymmetrical
networks. Attenuators are either of fixed value or adjustable value type.
Generally fixed attenuators providing constant attenuation are called pades.
The variable attenuators are generally used in radio broadcasting stations as
volume controls. Attenuation is usually expressed in neper or decibel.

Power Ratios, Voltage Ratios and Current Ratios:



In line communication, when AC power from one point (generally sending
end) to another point (generally receiving end) is considered, various
elements in the communication system introduce gains or losses of power at
various points.

Consider a four terminal network between a generator and a load as shown
in the Fig. 10.1.
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Fig. 10.1 4 Terminal network between generator and load

Let input and output powers be Piand P:respectively. The network
introduced in between generator and load may provide loss or gain in power.
Let the ratio of input power to output power i.e. P1/P> be M.

If M is greater than unity, then the network introduces loss. If M is less than
unity, then the network introduces gain.

If 'n" number of such networks are connected in cascade or tandem, then the
overall power ratio of cascade connection can be obtained by multiplying
individual power ratios of networks.

Let M1 to Mn-1 be individual input power to output power ratios for (n —1)
number of networks respectively connected in cascade. Then overall power
ratio M can be written as,


https://www.eeeguide.com/wp-content/uploads/2019/11/Attenuators-in-Network-Analysis.jpg

I).L - Pj xP2 P3 ...... % P
B, P P P P,

M M; x M, xMj % e x M

From above expression it is clear that in the complex systems, calculation of
overall power ratio is very tedious. To simplify this calculation the individual
power ratios are expressed in logarithmic scale. This enables addition of
power ratios in the logarithmic scale instead of multiplication. The
logarithmic unit employed is “BELL".

Hence, we can express power ratio in bell as follows,

Power ratio = log
in bell a4

P,

]

But in practice, it is observed that the unit bell is too large. Hence instead of
bell a smaller unit called as decibel is introduced, where,

1 bell = 10 decibel.

The power ratio expressed in decibel is given by

Power ratio _ D =10 logy,
in decibel

Thus, if ratio (P1/P2) is greater than unity, then D will be positive which
indicates power loss. Similarly if ratio (P1/P2) less than unity, then D will be
negative which indicates power gain.

The power ratio can be expressed in decibel as follows,
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Thus using this conversion we can express any power (either input or output)
in watt.

Consider again the network shown in the Fig. 10.1. Assume that two equal
resistors of value R are connected at generator and load side. Let the current
and voltage at source side be |1 and Eq and current and voltage at load side
be I2 and Ez. The power developed across resistors at source and load side
can be written as,

P2Bl = (RL)E)=RI{ w (1-2)
= (B) (PRL] - .ERLZ .. (1-b)

P,= E,J, = (RI,)(,)=R I3 . (2-a)
= (By) [%) . E(i ... (2-b)

Then input to output power ratio can be given by
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Expression of Attenuation in Neper and Decibel:

Attenuation is defined as loss of power in a transmission line or an electrical
network. Attenuation is expressed either in neper (N) or decibel (dB)
notations.

Usually power ratios are expressed in decibel. But it is possible to express
voltage and current ratios in decibel if the resistive components of generator
and load impedances are equal.
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Similarly neper is usually used to express current ratios. But it is possible to
express power ratio in neper if the resistive components of generator and
load impedances are equal.

Consider a four terminal network as shown in the Fig. 10.2 between generator
and load.

R E 4-Terminal
in Network

m

out

=

Fig. 10.2

If the power entering a network is Pin and that leaving the network is Pout,
then the attenuation in decibel is defined as,

Attenuation (in decibel) =10 logy, P‘“ 1)
out
If the current entering a network is lin and that leaving the network is lou, then
the attenuation in neper is defined as,
Attenuation (in neper) = In [ . (2)
Iout

Under the condition of equal resistive components at generator and load
side, we can write,
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Attenuation (in decibel)

Similarly,

Attenuation (in neper)
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If the resistive components of the impedances at input (i.e. generator) and
output (i.e. load) of the network are equal, we can convert attenuation in any

notation as follows

[Attenuation in decibel] = 8.686 x [Attenuation in neper]

and

[Aftenuation in neper] = 0.1151 x [Attenuation in decibel]
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Attenuator Network:

An attenuator network must fulfil following conditions.

. It must give correct input impedance,
. It must give correct output impedance and
. It must provide specified attenuation.

In general, attenuation is expressed in decibel as follows,

in

D - 10 loglo

P

out

where D is the attenuation in decibel.

But we can express attenuation in neper as follows,

D = 20 logm Iz)in = 20 loglo N

out

where N is the attenuation in neper.

N = Antilogy, (2%) . (1)
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In this topic, we shall study symmetrical attenuators such as
symmetrical T type, symmetrical 7t type, ‘L’ type attenuator.

Any Attenuator Network is designed for specified characteristic
resistance Ro and attenuation.

Let us find design equations for various Attenuator Network one
by one.

Symmetrical T Type Attenuator:

Consider properly terminated symmetrical T network as shown in
the Fig. 10.3.

Fig. 10.3 Properly terminated symmetrical ‘T’ network

According to current divider rule,
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But for symmetrical networks,
R
1 R, +R, +—2‘-
N = 1= 0]

L R

For properly terminated network, input impedance Rin is given by,

R R
R = Ro=|(Ro+ IR |+ 5

R
R2 (Ro +71-J R
RO = Vgt 4

R0+R2 +%- 2
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From equation (2),

substituting % for R R
Ry +R, +-23-
R
oot R
*” N 2
NR, = R +BZ3-+ NBZ-’—
R
Ry(N-1) = —L(N+1)
R, . (N-1
5 = R (—N +1J U

From equation (2), we can write,

NR2 = Ro +R2 +%'

R,(N-1) = Ry +R, (N‘l)

N+1
R, (N2~1) = Ro(N+1) + Ry(N-1)
R, = R, (-ﬁ%ﬁ%) .. (B)

Equations (A) and (B) are called design equations of
symmetrical T attenuator.
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L Type Asymmetrical Attenuator:

An asymmetrical L type attenuator is as shown in the Fig. 10.12.
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Fig. 10.12 Asymmetrical L type attenuator

E2 = (Il -12) 1{2 =12 RO
Il Rz = ]2 (Ro +R2)

I _ Ry +R,
el S
N R, = Ry+R,
Rz = Ro [l—\rl:-l'] voe (A)

Input resistance looking into network from terminals 1-1"is
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< B o R, Ry
R, = Ro=Ry+ pp-
RO (R2 +R0) = R1 (Rz +R0)+R2 Ro

R, Ry +R? = R, R, +R; Ry +R, Ry

Putting value of Rz from equation (A),

R(z) = Rl [NREI]‘*‘R! Ro
R
RO = Nll +R!
I(o(N"'l) = RI+NR1"‘R]
N-1
R] = Ro[ N ] ver (B)

equations (A) and (B) are called design equations of asymmetrical
L type attenuator.
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