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when physically realizable values are con-
sidered, it is known that

< (f12 L X 10”2_”_"’2) <10. &)
4

Note that the accuracy of Fy is dominated
by the factor 102 and it is difficult to obtain

le —_ é X 10r2—m—niz
4

accurately in conventional measuring tech-

niques.
For example, if
=[5 db] = 3.1 X 10° (5)
=[40db] = 1 X 104 6
and
G, = [10db] = 1 X 10¢
1= [10db] = 1 X )
then
Fo= Pt 21
12 = 1 Gl
= [30.013db] =~ [30db] =1 X 105 (8)

However, when (6)—(8) are substituted back
into (3)

F| = (le — —X 1Qne—m— nm) X 1072

9
=0 X 10% ©)

Thus in practical measurement, it is very
difficult to obtain F;=0.0031X103=5 db
in this way.

The following new method is proposed
to eliminate this kind of problem. According
to the definition of noise figure!:2

k TUB lGl

(10)

where

No=available noise output of the ampli-
fier under test when the input is term-
inated by a reflectionless termination,

k =DBoltzmann’s constant,

To=input noise temperature of the am-
plifier, and

Bi=noise bandwidth of the amplifier.

If the auxiliary receiver of gain G», noise
bandwidth Bs, and noise figure F: is con-
nected after the microwave amplifier, the
available noise output of the auxiliary re-
ceiver Ny ist

B
Ny = (N"BE) Gz + (F2 — 1)EToBsGs
1

(when B; > By)
Ny = NoGe + (Fy — DkT(B2G
(when B; < By).

The available noise output of the auxiliary
receiver alone with its input terminated by a

2N, Houlding, “Noise factor,” Microwave J., vol,
5, pp. 74-78; January, 1962.
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reflectionless termination is

Nz = kTBsG: Fo. 12)
Therefore, when By > B,
N, Ny
= 1 F2>> 1, in this case)
¥, S, T (7 > Lin
or

No = kToBle (13)

Substituting (13) into (10) yields the result,

Fy (N
- _2.<_i _ 1)_ (14)
Gi1 \ N,
For the case of B; <Bs,
Mo N
N, kT B2F2
or
N
No = kToB2F» (F; - 1). (15)
Substituting (15) into (10) vields the result,
F2 B2 (N1 )
F 1 16
‘TG B (16)

- Advantages of this new method are:

1) Since this method does not include a
complicated subtraction of measured
values as seen in (1) but mostly mul-
tiplications and divisions, there is no
problem of poor accuracy as shown
in (9).

This method is simpler than conven-
tional methods as seen from the com-
parison of (14) with (1).

3) This method does not require meas-
urements of Fi which is required in
the conventional method.

No power measurement is required.
The ratio of Ni/N: is required which
is generally easier than measuring the
power. In conventional methods, if
the “small signal method” was em-
ployed to measure Fi, the power
measurement is required.

2

~—

4

~—

There is a limitation in this new method.
This method requires measurements of By
and B; when B;<B. These measurements
are, however, required also in the conven-
tional method when Fi, and F; are measured
by the “small signal method.” The conven-
tional “noise lamp method” does not require
the noise bandwidth measurement.

The author thanks A. L. Brault, Jr., P
Vilmur, C. C. Hoffins and D. E. Schumacher
for discussion of this problem and help in
preparing the manuscripts.
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On Voltage and Current
Continuity in the Youla-
Weissfloch Circuit*

Any lossless 2n-port can be represented
as a cascade of three 2u-ports:t an all-pass
network, a set of # uncoupled ideal trans-
formers, and another all-pass network. The
2n-port may be either a physical 2#n-port
[i.e., a device with an even number of ports
considered as a device mapping the scatter-
ing (impedance) matrix of a device con-
nected to one half of the ports into the input
scattering (impedance) matrix], or it may
be a multimode transmission line. In the
latter case the network may be a set of uni-
form lines with a discontinuity, and there
may be a condition that the mode voltages
or currents are continuous across the dis-
continuity. If @i, as, b1, and by are the inci-
dent and reflected wave vectors, the voltage
continuity requires ai1+bi=as+b,, while
current continuity requires ¢;—»b;=as—ba.
If the device is represented by a transfer
scattering matrix,

A4
r-[
C

the voltage continuity may be stated as:

[11 [c D] [11]; (1a)

where 1 is the # X » identity matrix.
For current continuity,

—11] [g i:l =[1 —1]. (1b)

Eq. (1a)requires A +C=1and B+D =1,
while (1b) would require that C—A4 =1 and
B—D=1. The close similarity between
voltage and current continuity is noted, and
the detailed results that will be developed
for voltage continuity will hold for current
continuity with some changes of sign.

The transfer scattering matrix of the
voltage continuous 2n—port is written as:

The conditions for a lossless 2u-port are
T*02T =03, where * is a complex conjugate
transpose and

_[1 O:I
g2 = 0 —1 .

This leads to the following relationships:

A* 4+ 4 =72, (3)
A — D*=0, 4)
D+D =2 (5)

(The primes are transposes and bars signify
complex conjugates.)

* Received June 13, 1962. The work reported 1n
this paper was performed in connection with Con-
tracts No. AF-19(604)-7486 and AF-19(604)-4143
with the Electronic Res. Dir., Air Force Cambridge
Rcs Labs., Bedford, Mass.

. C. Youla, “Weissfloch equivalents for lossless
2n- ports 7 IRE Trans. oN Circuir THEORY, vol.
CT-7, pp. 193-199; September, 1960,
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If reciprocity is assumed, then 4 =0D.
Eq. (3) implies that 4 =1+4H,, where H4 is
an anti (skew)-hermitian matrix. Similarly
D=1+H4 Eq.(4) interrelatgs the two anti-
hermitian matrices, H1= — H 4. Reciprocity
would require Hy=H,', and thereby H
would have only a imaginary part.

It is noted that the resultant transfer
scattering matrix,

141 H
[___{: + 114 A :I’ )
Iy 1—Hy

will satisfy the condition for symmetry, i.e.,
the network can be turned end for end with-
out affecting network performance. This
follows? since To37 =o; where

_[01
7711 o

Another class of equivalent circuits has
been proposed by Felsen, Kahn, and Levey.?

2 W. K, Kahn, “A Theoretical and Experimental
Investigation in Multimode Networks and Wave-
guide Transmission,” Microwave Res. Inst., Poly-
technic Inst. Brooklyn, Brooklyn, N. Y., Rept.
P1BMRI, pp. 818-860; September, 1960.

3 L. B. Felsen, W. K. Kahn, and L. Levey, “Meas-
urement of two-mode discontinuities in a multimode
waveguide by a resonance technique,” IRE TRANS
oN MicrowaVE THEORY aND TRCHNIQUES, vol.
MTT-7, pp. 102—-110, January, 1959,

Correspondence

This consists of # uncoupled uniforn lossless
transmission lines with a lossless n-port con-
nected in shunt across the lines (see Fig. 1).
If the n-port has an admittance matrix 17,
the transfer scattering matrix is found from
the following relations:

a1 + by = as + by, )
@by far—b = F(as+b. (8

Then
Tu=1-1/2, (%)
Twp=— Y, (9b)
Tu =12, 9c)
Tw=1+T/2.  ©q

<>

Fig. 1—Shunt representation of a voltage-
continuous discontinuity.
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V is lossless; hence it is an anti-hermitian
matrix. By comparing the relations 6 and 9,
one sees that the identification ¥'= —2H,
will specify the Felsen, Kahn, and Levey
circuit for any lossless voltage continuous
discontinuity. Therefore, it is seen that the
two representations are equivalent.

If current continuity were assumed in-
stead of voltage continuity, the only change
would be that the matrices 4 and D would
have a skew-hermitian perturbation from
the negative of the identity matrix instead
of the identity matrix. The Felsen, Kahn,
and Levey circuit, however, would have a
series discontinuity and Y would be re-
placed by Z.

In a note,* on which this letter is based,
the constituents of the Youla-Weissfloch
circuit are given explicitly.
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