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ture. One obtains

(2o = Qoo.: . (3)

The magnetic quality factor Qm is indepen-

dent of p for constant relative cross-sectional
dimensions. Since the isolator Q-factor Q;

depends on the fields in the slow wave struc-

tureinthesame way as Qm [4], we can write

1 Ill
(4)

where r <1 and typically r <0.2. Using (1)
through (4), we now obtain the net gain

The net gain G(p) has a maximum for

21Qml
P = A,*= Po (l _ ,)QOO (6)

i.e.,

l–r
Qom.t =

2]Qml “
(7)

The optimum net gain becomes

G(p.,,) = G(Po)
PO/P.Pt

2 – popt/po

L.s l–r
=27——.

XO 2/Qml
(8)

In Fig. 2 G(I$I..J/G(AJ is plotted for dif-
ferent values of po/)o,,. The optimum pitch
represents a compromise between the ohmic

losses and the slowing factor, and the opti-
mum gain is obtained when the electronic

gain (the gain obtained for Q,= Qo = @) is

approximately twice the ohmic losses (7).
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Fig. 2. G(jopt) /G(po) with G in dB and TJTo with
T~ =0 and r =0.2 as a function of Jolfi.m.

For PO~+po,~ the ohmic losses becomes
so high that no net gain is obtainable. It may
be advisable to choose 1 s@o/@oPis 1.5.

The noise temperature for the pitch PO

of the TWM [1] becomes, using (3) and (7):

~=G–l l/lQml
n T.

G ~/~ QmI – I/Q, – l/Qoo

G–1

[

Po!P.,t 2Tu5—_ .—
G 2po/popt – 1 1 – r

r + l/(2P0/PoPt – 1)
-1— ~_, 1To . (9)

For p,= @oP,, r = 0.2, Tm<<TiI one obtains
T.= 1,S. To, a reasonable noise temperature

for liquid helium cooled masers. For high
temperature masers it may be wiser to

choose a pitch larger than the optimum pitch

in order to obtain a lower noise temperature

(see Fig. 2).

It may be emphasized that the scaling
procedure proposed here does not change the

infrequency characteristic of the pass band,
i.e., the tunable bandwidth of the maser re-

mains constant. Further, the coupling to the

!structure is also unchanged since the im-
pedance levels are constant. The saturation

power at the signal frequency of the maser is
(changed with a factor of @/@O.

Investigations of published data of sev-
leral traveling-wave masers reveal that the

net gain could have been considerably in-

creased by optimizing the pitch. Very often
the optimum pitch is shorter than the design

pitch by a factor of 2 to 3, leading to a loss in

net gain (L unchanged) by a factor of 1.33
to 1.80. A substantial decrease of the pitch

and a scaling down of the cross-sectional di-
mensions correspondingly may, of course, in

isome cases lead to fabrication difficulties.
Care has to be taken in applying the fore-

going results to longitudinally stagger-tuned
masers, since ~Q~ I in that case becomes dif-

ferent in different sections of the TWM. If

the stagger-tuning is performed transversely,
i.e., the paramagnetic line is broadened iden-

tically for each period, the results are very
well applicable
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Measurement of Microwave Power

in WR137 Waveguide

(.5.85-8.20 GHz)

The Radio Standards Laboratory of the

NBS Institute for Basic Standards (U. S.
Department of Commerce), Boulder, Colo.,
announces a calibration service in WR137

waveguide for the measurement of effective
efficiency, efficiency, and calibration factor
of bolometer units, and of calibration factor

of bolometer-coupler units. The measure-
ment of efficiency of a bolometer unit is
made available for the first time by the

Radio Standards Laboratory, but for the

present is limited to WR137 waveguide. Al-

though calibrations can be performed within

the useful range of the waveguide, some de-
gree of economy to the customer results if

calibrations are performed at the selectedl
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I Performing microwave calibrations, a consider-

able amount of time is usually needed to prepare the
system fpr a measurement operatton. Much of this
preparation is related t? adjustment of the system to
the frequency of operation selected for the calibration.
Time and cost often can be reduced by mimmizing the
number of times the operating frequency of the cali.
bration system must be readjusted.

frequencies of 6.45, 7.oo, and 7.40 C%IZ.

The four quantities measured are defined

as follows:

Effective Ejioiency for Bolowzeter Units”
The ratio of the substituted dc power in the

bolometer unit to the microwave power dis-

sipated within the bolometer unit.

Calibration Factor for Bo~onzeter Units:
The ratio of the substituted dc power in the

bolometer unit to the microwave power inci-
dent upon the bolometer unit.

Ejiciency for Bolometer Units: The ratio

of the microwave power absorbed by the

barretter element to the microwave power

dissipated within the br.imneter unit.

Calibration Factor for Boloweter- Coupler

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 nonreflecting load attached

to the output port of the main arm.

Because of certain limitations in adapt-

ing the microwave 03iCrOC~l10riITIeter mea-

surement technique to the larger wavegu ide

sizes, the effective efficiency ancl calibration

factor of bcdometer units in WR137 wave-
guide are measured somewhat indirectly by

using a working standard that has been cali-

brated by the impedance method.’-’ ‘The
impedance technique yields a direct mea-

surement of the efficiency of a bolometer
unit. This efficiency measurement, usuall!~ of
special interest only, is avaikable for the fu-st
time at the Radio Standards Laboratory, as
a calibration service. The lbolometer units
must be fitted with a barretter element of a

purely resistive type (thermistor-type ele-

ment cannot be used) with a nominal re-

sistance of 200 ohms. The efficiency mea-

surements are performed with an uncer-

tainty no greater than t 1 percent.
The effective efficiency and calibration

factor of a bolometer unit, as well as the cali-
bration factor of a bolometer-coupler unit,
are measured with an uncertain y no greater
than 2 percent in WR137 waveguide. For
these measurements the element can be of
the barretter or thermistor type, ancl of
either 100- or 200-ohm resistance, operating
at a bias current between 3.5 and 15 rnA.
The bolometer unit can be of either the

fixed-tuned or untuned broadband type.

Power measurements can be made on Mo-

meter units over a range of ().1 to 10 mW.

Power measurements can be made on

bolometer-coupler units in WR137 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 Icou-
pier. The coupler should have a directivity

of no less than 40 dB, and a VSWR no
greater than 1.0S for the input and output
ports of the main arm of the coupler.
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