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When there is no imposed magnetic field,
K= O and Iif-l is equal to the relative per-

mittivity of the medium. When h“ = O, (3)
and (4) reduce to the correct equations for
the no-field case [7].

It is seen further that if K is independent

of r, whether it is zero or not, (3) and (4)
reduce to the forms appropriate to the propa-

gation of H-parallel fields in a cylindrically
stratified unmagnetized medium with rela-
tive permittivity 1/11. This holds even

though a nonzero value of K means that

there is an imposed field present.

Thus, anyknown solution to (3) for the
no-lield case [7]canbe used toobtainaso1u-

tion when the plasma is magnetized. If the
relative permittivity in the no-field case is
e,(r), then the same wave equation will

apply in a magnetized medium with electri-
cal parameters M and K, where M= 1/e,(~)
and AZ does not vary with r.

Furthermore, if K(?) has the form

K(r) = a + W (5)

where a and b are independent of r, then (4)
becomes
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This has the form appropriate to propaga-
tion in an unmagnetized medium of relative

permittivity (1–2nbko–’)/M. Thus, once
again, a known solution for the unmagne-

tized case can be used to obtain a solution
for the axially magnetized medium. In the

magnetized case 11= (1–2tibko-2) /c,(r),

where e,(~) is the relative permittivity in the

no-field case. The expression for M so ob-
tained will depend in general on the mode
number n. To eliminate this dependence,

appropriate choices must be made of the
arbitrary parameters involved in the exm-es-
sion for c,(~) in the unmaguetized medium.

ATOW consirfer H-parallel fields for the

particular case in which H = O, so that the
fields are independent of @ as well as of s.
The function g(r) is defined by writing
Ed= r–llzg(r), where Ed is the @ component

of the electric field. Then it is easily found
from Maxwell’s equations that

This is the normal form of the wave equa-
tion in the present case. Equation (7) is inde-
pendent of K and contains no derivatives of
the electrical parameters of the plasma.
Whatever the profiles of M and h“, (7) has
the same form as for an unmagnetized
medium of relative permittivity equal to

1/4[.
An equation describing H-parallel fields,

equivalent to (3), has previously been
treated by numerical methods [1 ]– [3 ]. In
dealing with problems involving electro-
magnetic waves in stratified plasmas, ana-
lytical and numerical methods are both
made use of. For example, the plasma is
sometimes taken to consist of a number of

homogeneous regions [5], [8] and formulas

suitable for numerical computations then
obtained. However, it may then be useful to
replace one of the homogeneous regions by a
continuously varying one in which an
analytical expression for the fields is
known (8].

[1]

[2]

[3]

[4]

[5]

[6]

[7]

R. BURMAN

Dept. of Physics

l~ictoria University of lIrellington

Wellington, New Zealand

REFERENCES

J. Galejs, “Prouaration of VLF waxes belmv a
curved and stratn5ed anisotrouic ionosphere. ”
J. GeoJIzYs. Res., vol. 69, PP. 3639–3650. Septem-
ber 1, 1964.
C. Yeh and LIT. X7 T. Rusch. ,’Effects of electron-
densltv distribu tlon on the backscatterilm from
an anisotmpic rdasna cylinder. ” Electronics I.et-
t&S, vol. 1, P. 25, Marclq *06q
C. Yeh and W. l’. T.

.. . . . . .
Rwsch, “In teraction of

microwaves with an inbomogeneous and aniso-
tropic plasma column, ” J. A$P1. Phys., vol. 36,
pp. 2302–2306, July 1965.
.T. R. Wait, Electmv?a!welic It-aws it? St!’at&$ed
Media. Oxford: Perxamon, 1962, PD. 230 and 227.
.T. R. Wait, “Trmsverse umpayat!on of elertro-
magnetm waves in a cylindrically stratified
plasma, ” Proc. 1963 Radio Physics SymP.,
J. Brand statter, Ed,, Holden-Day, 1964.
R. Burrnan, “On tran sxerse electroma!!netic wave
prormqation in a stratified magnetoplasma, ” P? OC.
IEEE (Cowesfwzdencr), vol. 53, p. 1249, Septem-
ber 1965.
R. BL1r~an “some ek&rOnIaKnetiC wave f)lnc-

tlons for p~o-ac ation in cylindrically stratified
media, ” IEEE Transactions on .4 wte?mas and
Propawz!{o>z (Commwzicatioxs), VIA. .4 P- 13, m.
646–64?, JIdY 1Q65.

[8] J. R. Wait, “Electroma!zn etic ~ratterinq from a
radially inhorro;eneous snhcre, APfil SCZ. Res.,
vol. B-tO, PP. 441–450, 1963–1964.

Measurement of Microwave Power

in WR112 Waveguide (7.05 to

10.0 GHz)

The Radio Standards Laboratory of the
NBS Institute for Basic Standards (U. S.
Department of Commerce), Boulder, Colo.,

announces a calibration service for the
measurement of effective efficiency and cali-

bration factor of bolometer units and bolo-
meter-coupler units in WR112 waveguide.
Although calibrations can be performed

within the useful range of the waveguide,
some degree of economy to the customer
results if calibrations are performed at the
selectedl frequencies of 7.75, 8.50, and 900

GHz.

The quantities measured in the new
service are defined as follows:

Effective Eficiency for Bolometer Units:

Manuscript received February 3, 1966; revised
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I In performing microwave calibrations, a consid-
erable amount of time is usually needed to prepare the
s> stem for a measwement rweratmn. Much of this
preparation is related to adj ?,stmen t of the svstem to
the freQ”ency of operatmn selected for the calibration,
Time and cost often pan be reduced by mmimlzmg the
number of times the operating frequency of the cali-
bration system must be readjusted.

The ratio of the substituted dc power in

the bolometer unit to the microwave

power dissipated within the bolometer
unit.

Calib~ation Factor for Bolometer l[nits:
The ratio of the substituted dc power in

the bolometer unit to the microwave

power incident upon the bolometer unit.

Calibration Fartor for Bolovwter- Coapler

Units: The ratio of the substituted dc
power in the bolometer unit on the side

arm of the directional coupler to the
microwave power incident upon a non-

reflecting load attached to the output

port of the main arm.

In the interest of speeding UD the avail-

ability of a service for the calibration of
bolometer units and bolometer-coupler units
in lVRl 12 waveguide, the working standards

in WR112 waveguide were calibrated indi-
rectly by means of an existing microwave

microcalorimeter that was designed specifi-

cally as a reference standard for power mea-
surements in WR90 waveguide (8.20 to 12,4

GHz).2 In making such measurements, a

bolometer unit of \17R90 waveguide, cali-
brated previously in the microcalorimeter
at the W’RI 12 frequencies, is used in combi-
nation with a bolometer unit of WRI 12
waveguide. Although a discontinuity exists
in the waveguide between the two units (no
transition being used) that would normally

cause a reflection of considerable magnitude,

a technique34 is used that reduces the mea-

surement error to a negligible amount.

The effective efficiency and calibration
factor of bolometer units and the calibration

factor of bolometer-coupler units are mea-
sured with an uncertainty no greater than one

percent in WR112 waveguide. For these
measurements, the element can be of the

barretter or thermistor type, and of either
100- or 200-ohm resistance, operating at a
bias current between 3.5 and 15 mA. The

bolometer units should be of either the fixed-
tuned or untuned broadband type. Power
measurements can be made on bolometer

units over a range of 0.1 to 10 mW.
Power measurements can be made on

bolometer-coupler units in WR112 wave-
guide with coupling ratios from 3 to 20 dB.
A bolometer unit of either the fixed-tuned

or untuned broadband type must be perma-
nently attached to the side arm of the
coupler. The coupler should have a direc-
tivity no less than .10 dB, and a VSIIrR no
greater than 1.05 for the input and output
ports of the main arm of the coupler.
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