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would also be applicable to the case of the magnetic field

exposure.

Fig. 8 shows experimental results on the total power absorp-

tion in the pupa exposed to the standing waves. The ordinate

shows the relative absorbed power which is obtained from (8) by

normalizing the measured value of the dA T/dt to that in the

A-oriented pupa of Fig. 7. The abscissa shows the relative dis-

tance from the pupa to the shorting plunger normalized to the

guide wavelength. The solid curves show the values of the relative

absorbed power calculated from (6), which approximately agree

with the experimental results.

As regards the parameters for calculations, the pupa mass

m = 157 mg and the pupa diameter 2 r = 4.8 mm were both

measured. The pupa length 1= 6.5 mm was obtained from 1=

3m /4 npr2 where p is a density of the sample pupa assumed to

be 1 mg/mm3. The relative permittivity c,= 35 – j13 at the

experimental frequency ~ = 2485 MHz was calculated from (7).

IV. CONCLUSIONS

The microwave power absorption in the biological specimen

modeled as the prolate spheroid inside the standing-wave irradia-

tion waveguide has been examined theoretically with respect to

the exposure orientation.

The absorbed power distribution and total power absorption in

the spheroid with dimensions small compared to the guide wave-

length were obtained in simple closed form expressions.

Numerical calculations on the Tenebrio pupa were presented,

and the results on the total power absorption were confirmed

experimentally.
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Comparison of AM Noise from a Klystron and an

IMPATT Oscillator at around 90 GHz

G. A. EDISS, N. J. KEEN, AND P. ZIMMERMAN

Abstract —Tfds paper reports comparisons between the ampfitude modu-

lation noise performance of a Plessey IMPA’JT oscillator AT0273 and a

Varian VRB-2113 klystron at millimeter wavelengths.

I. INTRODUCTION

Millimeter-wave radiometers require stable sources of local-

oscillator (LO) power, with low amplitude modulation (AM)

noise levels at ~~o + ~lF. The frequency modulation (FM) and

AM noise close to the carrier is also important, but within

approximately 1 MHz of the carrier this can be greatly reduced

by the use of phase lock loops (PLL) [1], but the use of a PLL

will have no effect upon the oscillator noise outside this range.

The presence and effect of such AM noise far from the carrier

has been demonstrated by Cong and Kerr [2] who showed that

the AM noise-to-carrier ratio of a doubled 57-GHz klystron was

equal or better than that of three klystrons operating between 110

and 114 GHz, and by Tearle and Heath [3] who showed the effect

of sideband noise of IMPATT pumps on parametric amplifier

noise temperatures.

Recent advances in IMPATT diode technology to increase

power capability, lifetime], and the use of high-Q waveguide

circuits to reduce the noise of these devices (see, for example,

Gokgor et al. [4], Berson and Kuno [5], and Bischoff and Schroth

[6]) suggest that IMPATT oscillators can replace klystrons as

local oscillators at frequencies up to 100 GHz.

II. THE MEASUREMENTS

The double sideband noise temperature of a low-noise mixer

was measured using the standard hot-and-cold load technique [7].

As shown in Fig. 1, the local oscillator was coupled into the

mixer through a directional coupler, and two waveguide

resonant-ring filters were used to further reduce the far-from-car-

rier noise. The filters were successively removed and the system

noise temperature was measured with room temperature and

liquid nitrogen loads in front of the horn, and with a noise source
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Fig. 1 IMPATT and Kfystron AM noise measurement system.
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Fig. 2. Variations of double sidebaud AM nome-to-canier ratio for Plessey
IMPATT oscillator ATO 273 (30 mW at 94.5 GHz and 70 MA) aad Vnriarr

KfystronVRB-2113 (60 mW at 89.9 GHz).

The relatively poor noise performance of the IMPATT oscillator

at 1.2 GHz is noteworthy but not significant; Tearle and Heath

[2] also observe irregular variations of AM noise with frequency

of approximately 10 dB. Chart records of radiometer output

noise were similar for each LO source over periods >90 rein,

with no signs of instability or excess noise.

It is noteworthy that no radical change in noise performance

was observed by removing the isolator following the LO source.

However, in the absence of an isolator, the IMPATT oscillator

frequency was strongly dependent on load impedance.

III. CONCLUSION

These measurements indicate that the far-from-carrier AM

noise of IMPATT oscillators is such that with extra filtering

IMPATT’s may be used as sources of local oscillator power at

millimeter wavelengths without degradation of system perfor-

mance.
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TABLE I

DOUBLE SIDEBAND AM NOME WITHOUT AN ISOLATOR,

CORRESPONDING TO RESULTS IN FIG. 2, FOR 1 ~W ON MIXER

215MHz 1.2GHZ I 4.OGHZ 1

coupled into the IF chain in order to determine the noise contri-

butions of the rest of the system and of the LO.

At the klystron frequency (89.9 GHz) and IMPATT frequency

(94.5 GHz), insertion losses of the directional coupler and the

two additional filters (which were tuned to ~Lo) were measured at

fLO and fLO k flF.
By operating the mixer under fixed conditions of bias, tuning,

and- LO power, the double sideband noise contribution of each

LO was determined at three intermediate frequencies. The results

are shown in Fig. 2. Table I gives the double sideband AM noise

temperature corresponding to the results in Fig. 2, without an

isolator, for an input power level of 1 mW on the mixer diode.

Experimental Evaluation of a Ruby Maser at 43 GHz

CRAIG R. MOORE, MEMBER, IEEE, AND DUDLEY NEFF

Abstract —The inversion ratio of piok ruby has been measnr’ed at severaf

frequencies between 27 and 43 GHz for the push-puff pump angle of 54.7”.

From these measurements a single-stage maser was designed which yieIded

8+ l-dB net gain and a 3-dB bandwidth of 180 MHz at a center frequency
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