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then

all = kzKZ~/K1l

a12 = —sdALoTK12/KII

azl =coeryKI~KM/KII

azz = k2+k1=K1~/K11.

The currents y, and J, are divided into
two parts, one part arising from the lon-
gitudinal currents and the other part from

the transverse currents

JI = 71= + Jlt

where

Similarly

Jz = Jt. + J2~

where

Jz. = — ~ [a.J.~ + al.J..]
@fro

and

[

A“lz –
JZt = V6. –

Y– 1z&x Jte —.i–-J+i+i — Jim .
KII Wa

The transverse fields can be expressed in
terms of the longitudinal fields and trans-

verse currents as follows:

Et = (k, j k,,, {v,(–-/k2Ez – wok,’~z)

+ y%. X V,(-/k,zEg + qqk2Hz)

+ Z, X (-/k2~,m+ wok,’~,.)

+ -i(wok.21,, + -@,27,m) } (2a)

Zt = *Y {v,(–~k21L + -&oK&)

+ jtz, X V,[Tk12H, – coeo(k12K12

+ k2Ku)E.1

+ a, X (~k’~t, – mcoT’KIz7tm)

+ j[kl’~7t, – COeO(k12K12

+ k2K11)~fm]] ~ (2b)

If a,~ = a~l = O then (1) represents two

uncoupled equations which can be solved
for E. and H.; these expressions for E. and

H. can be used in (2a) and (2b) to determine
the transverse fields. The matrix elements

ulz and an are both zero if Jflz=O or ~ =0.
If a,j and azl are not both zero, then (1)

can be uncoupled by a suitable linear trans-
formation of the form

F=TU (3)

where T is a 2 X 2 matrix and U is a two-

dimensional vector.
Substituting (3) into (1) and premulti-

plying by T-l gives

VtZ&lTU + T–lATU = T-lJ.

Using the theory of similarity trans-
formations, it is possible to find a matrix T
which will diagonalize the matrix A, giving

P’A T = D(p,a, p,’)

where @IZ and P92 are two solutions of the
characteristic equation of A

det (A – P’1) = O. (4)

Making such a transformation (1) becomes

V,ZU + Z@z, },2) u = ~lJ. (5)

Solutions of (4) are availabl~in the literature
in terms of the elements of Z [2].

If neither a,, nor az, are zero, and if

PP#PZ2, then an appropriate matrix T,
giving the same transformation used by
Kales [3] in a similar derivation for a source

free ferrite, is

r
(pl’ – a22)p12 (p22 – a2~)p22

T=
1

1
a21 ajl

P12 P22 J

the inverse of which is

r

a~~ (Pz’ – a22)

T-1 =
pl’(pl’ – 92’) jl’(j,’ – j,’)

1

1
agl

1
p12– a22 “

N(p,’ – h’) IM(p,’ – )2’)

The longitudinal fields are now obtain-
able from the solutions of (5) through the

use of (3). The transverse field expressions
written in terms of the solutions of (.5) and

the transverse currents are

1
E, = — V,[(k’ – PI’) U, + (k’ – jzz) U,]

coeoK12

+ lWolL x V,(U1 + u,)

1

+ k4 – k,4
[a. X (ykz~ina+ copoklz~i.)

+ j(wokz~te+ A’rtm) }

Z7f= – W,(UI + U2) –/& %

X V,[(P1’ – a22)UI+ (h’ – u22) U2]

1
— {ZL X (Yk2~,, – WW2K,,~,m)+ k4 – k14

+ jlk12T~te – CJ~0(~12~12 + kz~n)~trn] ] .

Making a transformation from a gyro-

electric medium to a gyromagnetic medium

the equations presented here reduce to those

obtained by Rosenbaum and Coleman [4]

for a ferrite containing longitudinal electric

currents only.
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On the Superheterodyne Method

of Microwave Noise Measurements

One of the frequently used methods in

microwave oscillator noise measurements is
the superheterodyne method. This corre-

spondence is not intended to describe this
method in detail, but to call attention to the

possibility of pointing out one measurement
error. Every one who is interested in micro-

wave oscillator measurements can find
fundamental information given in [1].

The superheterodyne method is assumed
to be a substitution method, and therefore
it is not necessary to know the mixer crystal
noise [I ], [2 ]. It will be shown that some

conditions have to be fulfilled if the super-
heterodyne method is to become a sub-

stitution method which gives correct values
of the oscillator noise power.

Fig. 1. Schematic diagram of the $uperheterodyne
method noise measuring clrcult.

The schematic diagram of the noise
measuring equipment is given in Fig. 1.

When the oscillator under testisconnected

to the input of the superheterodyne re-
ceiver [case (a) ], it produces a reading on

the output meter

N, = (& +N., +AL)G (1)1,2
c

where

No= noise power of the oscillator under
test

N., = noise power contributed by the
mixer crystals for the case (a)

N== noise power contributed by the IF
amplifier

G.= amplifier gain
L.= conversion loss of mixer crystals
A I = attenuation factor of the standard

attenuator in the oscillator arm.

When the tested oscillator is removed and

a known amount of noise from the noise
source is added [case (b)] the reading is

N, =
( )

:;+ N,, + N. G. (2)
c

where

N,, = output noise power of the noise
source

NC, = noise power contributed by the
mixer crystals for case (b)

A z= attenuation factor of the standard
attenuator in the noise source arm.

Manuscript received April 22, 1965; revised
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I The exact form of (1) and others similar in this
correspondence is

(
No – kTo

N=
)

+ N, + N. Ga,
LCA ~

However, usually N.>>kTo.
2 All noise powers N is this correspondence are con-

sidered as noise powers in umty bandwidth.
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Thus

It

becauseNI ==N,,

NnA I
No = — + AIL,(N,2 – N,,).

A,
(3)

is known that the noise ~owers con-
tributed by the mixer crystals in both cases

are not always identical [3], [4]. In case
(a), one can derive an expression for this
noise component, following the considera-
tions in [4 ]– [6 ] as

“’= P+f%+’)-1”” ‘4)3
where

~=@LO+l

,f1F7

t = temperature noise ratio of the
crystals on the freqLIencyfIF

B,? = constants characterizing the mixer
crystals

a = nonlinearity coefficient of the crys-

tals

RIF = IF impedance of the mixer crystals

PLO = local Oscillator power level at the
mixer cr~,tals

P.= output carrier power level of the

oscillator under test

.$j = suppression factor of the carrier
suppressic,n filter

jIF = frequency of the IF amplifier
j,m = mean frequency of the narrow-

band amplifier connected next to
the seconcl detector

k = Boltzmann’s constant
TO= temperature in degrees Kelvin.

In case (b) the mixer crystals noise

contribution is

Substituting (4) and (5) into (3), one

can obtain the noise power of the oscillator
under test

N. =
%- (%+’)%”” “)

After analyzing this final result it becomes

clear that it is impossible, in the general
case, to eliminate the influence of the mixer

crystals noise in~ the superheterodyne
method. The mixer crystal noise is allowed

for only in the case when

Equation (6) shows that if the carrier

power level of the oscillator under test at

the input of the mixer is kept small: or if
the temperature noise ratio of the crystals

used in the superheterodyne mixer is small
enough (Doppler crystals), the condition

(7)will be fulfilled. Onlythen wiIl(6) have
the following form:

N ,_ N.A1
.

A, “
(8)

This equation was assumed heretofore as

always valid by all investigators, as far as it
is known to the author.

One can give an expression for the

# Expression (4) is also true for the case of a ESR
spectrometer with superheterodyne detection. Then

f~ is the modulation frec,”ency of the rmvgnetic field.
~ By using an effective carrier suppression filter.

measurement error which is made when (8)

is always assumed valid:

One can estimate the value of this error
in a simple example. Suppose a reflex

klystron with carrier power level P.= 30

mW has been measured. The noise power in

unity bandwidth of the fluorescent noise

source is N,, = 1.42. 10–19 W/Hz (15.5 dB).

The equal crystals used in the superhetero-

dyne receiver have parameters

~ = 20 ~–l

‘~=’r;+’)
= 104 (40 dB) – temperature noise ratio

RIF = 200Q

The used carrier suppression filter has a

suppression factor S“ = 2.103 (-33 dB). The

two typical measurements have given the
following results:

case (a): Al = 500 (w27 dB)

case (b): A, = 1 (OdB).

Computing the carrier/noise factor of
the measured klystron on the bases of (8),
one obtains the following result: P./NO
= 146.3 dB/Hz. On the other hand, based

on the exact equation (6), one obtains
PO/NO = 151.15 dB/Hz. The measurement

error determined on the bases of (9) is

6= 209 per cent.

The foregoing example shows that the

only condition given so far, that the tested

oscillator carrier power level should be at

least 10 dB below that of the local oscillator

[1], is unsuficient, in practical cases, to
accomplish (7).

The determination of sufficient condi-
tions for correctness of the superheterodyne
method is, in general, a complicated prob-
lem. In practice. however, one can confine

oneself to determining the admissible
carrier power level P.’ = P./A l.$ for the

used superheterodyne receiver. Below that
level (8) is valid. This can be done experi-
mentally, by determining the noise power No

on the bases of (8), for several values of
P.’ changing the suppression factor .Sf.

[Changes of A, have no influence on mea-

surement results; see (6). ] For power levels
smaller than the admissible level, N. given
by (8) will be constant. Only then will the
measurement error be permissibly small

and the results of oscillator noise correct;
and then the superheterodyne method may
be thought of as a substitution method.
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ADI Auxiliary Publications Program

On many occasions a manuscript sub-
mitted for publication must be condensed

or otherwise abridged to reduce the number
of pages it will require in the tillal published
form. This is a natural result of the com-

petition among authors for the limited

space available within the journals of [heir
choice. ~7hi1e the altthor may be aggrieved

at the cutting of his masterpiece, tbe
readers may often be annoyed nt the result-
ing limited discussion of difficult points.

Another situation where this policy is :~wk-

ward is in the presentation of tables for de-
sign (filter design for example). To be uteful
to a designer the tables must be complete
and to the proper number of places. If the
theory is presented with only sample cal-

culations or a portion of the table printed, a
great deal of utility is lost. Yet this detailed
information may be useful to such a small

proportion of the profession that the editor

cannot justify committing all the fmges
needed to make it useful to anyone at the

expense of other equally meritorious m:mu-

scripts.
1 believe that there is an escape from this

dilemma which has been long available but

has gone unnoticed. The American Docu-
mentation Institute (AD I ) maintains, an

Auxiliary Publications Program at the
Library of Congress where i-he editor of any
recognized journal can deposit documents
with the Photoduplication Service. This
document may be the complete computed
tables for the manuscript on filter desig II as

in the example given previously. The con-

ventionally published portion would be the
theory and application with a note stating

that the complete tables are available from

the Photoduplication Service, Library of
Congress, .quxiliary Publications Program

upon payment of $X. Some readers may
have seen such notes in the course of reading

other journals.
With the rapid development of photo-

cop ying techniques, some publications have
reacted defensively out of a fear that wide-

spread copying of selected articles WOU1<Ire-
duce the number of their paid subscrit]ers.

On the other hand, fast new economical
photocopying techniques make services
like the Auxiliary Publications Program of
the .%DI much more attractive supplements
to conventional publication of manuscripts
in professional journals. Photocopying can
become a great new dimension in the pub-
lication of professional society journals,
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