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A radiometer receiver “Smga superheterodyne clrculthas been desl~ed and ~On~tr~~ted ~hlch

detects thermal energy at 600 gc. The design IS an extension to submdllmeter wavelengths of pri-

nciples used prevmusly by workers at th~s laboratory m the design of mdhmeter wave radmmeters

(Reference 1). The radiometer was built on contract with the U. S. Army Munmons Command,

Frank ford Arsenal, for field evaluation as a poss~hle means of detectmn of ground rnd~tary targets.

Thrs paper desmnbed the design and performance of the radiometer m v~ewmg a thermal c.ahbrator.

FuAd expemments with the rad~ometer WII1 be reported at a later time by personnel of the contract.

mg agency.

The block dmgram of the radiometer m shown m Figure 1. The ~“mmmg s~gnal ~s chopped as It

passes from the lens m tbe z.ecelvmg aperture to the collector horn. A small ~avegulde~c~S=S~
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Figure 1. Submdllmeter Radiometer Block D~agrarn
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high-pass filter and conducts the Signal to the first active stage, a point-contact diode harmonic

mixer. The intermediate frequency band m 2 to 4 g. and is amplified by traveling-wave tubes. The

second detector then demodulates the signal and produces an output at the chopping rate, 165 CPS.

This IS amplified, detected synchronously, passed through a 0.1 CPS low-pass filter, and recorded

on a strip chart.

The radmmeter is shown In Figure 2. Tbe antenna housing is mounted on an azimuth-elevation

gimbal mount. The mixer and local oscillator are hidden at the right behind the antenna housing.

The local oscillator IS a backward wave tube, CSF type COE.10. The frost IF amplifier, on the shelf

under the antenna housing, is a Watkins-Johnson type WJ-269 traveling-wave tube amplifier with in-

tegral power supply. The second IF amplifier is a Huggins type 209B at the right on the second shelf

of the lab cart. Tbe IF amplifiers have an o“erall gain of 60 db and a noise figure of 5 db. The second

detector IS a type 1N23C microwave cartridge diode in a coaxial detector mount. The radiometer sig-

nal processor is seen on the top of the lab cart. On the cart at the left of the antenna mount is the

thermal calibrator.

The arrangement of absorbing chopper blade m tbe antenna housing may be seen in Figure 3. The

lens is 10 inches in diameter and has a focal length of 30 inches, A piano-convex lens with a hyper-

boloidal surface was machined of Teflon. It is 10 inches in dmmeter and is 0.926 inch thick at the

center. Its insertion loss measured about 1.6 db. Allowing for the amplitude taper due to tbe h, ‘n

antenna pattern gives a calculated half-power beamwidth of one-sevenih degree.

Figure 2. Submillimeter Radiometer
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Figure 3. Antenna Housing, Internal Views

A second harmonic mixer of crossed wavegmde con figurat~on was budt with a phosphor-bronze

wb~sker and gallmm ai-semde die. See Figures 4 and 5. The signal wavegu~de from the horn is

0.016 by 0.0085 mch and has a calculated cutoff frequency of 393 gc. The horn and signal wavegulde

were formed as two halves m two strips of gold such that the Joint IS in the center longitudinal E-

plane, The local oscillator wave guide was made oversize (O. 060 by 0.040 inch) to reduce attenua-

tion. A dlfferentml. screw driven tuner of the contacting short type M rmmnted m each um”egw de.

‘l’he w.aveguid. s are ~oined by a coupling hole in their’ .onunon wall which z. 0.008 Inch m dmrneter

and 0.006 inch long. The coaxial output line includes a single matchmg transformer before the type

N C0nnf2Ctor. The VSWR looking into the IF port of the rmxez - when a point_ contact diode is in place

is less than 2.5 to 1 over the band 2 to 4 gc.

The i-admmeter was evaluated using a thermal cahbi-ator bmlt for the purpose. It consists of a

Z-foot square sheet of emzssi”e mater-ml mounted m a frame w~th a resistance wire heating Frid

spread cmer Its hack s~de. The emlssi”e materual ,s a stzwctm-al lnsuhtmg board composed of as-

bestos fiber, diatmnaceous silica, and an ~norganic binder. Its surface was roughened by scraping

vuth a saw blade. Absorptmn and reflection measurements at 310 gc showed that its emiss~vity K+

about 0.99. The em~ttmg surface may he heated to any temper atm-e between ambient and 170°C.

Dumng early tests of the assembled radmmeter, a 2 millivolt defle ctmn was recorded vuth the

oven at 170°C and located in frcmt of the antenna housing w~tb no lens m place. The approximate
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Figure 4. SIX Hundred gc/s Harmonic Mixer
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F,gure 5. Cross S~ction of 600 gc Mixer
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guide half wavelength of the thermal energy being rece~”ed was checked by noting the tuner travel

necessary to move from one mammum response to the next. The tuner tra”el was 0,0125 mch * 0.008

mch which corresponds to a s~gmd frequency of 616 i 23 gc. The second harmomc of the local OS.

collator was 595 gc.

By reducing the temperature of the thermal cahbrator the mm,mum discernible temperature d~f.

ference was obser”ed to be 26°K. Assummg that a s~gnal-to-noise ratm between 2.5 and 8.3 ex~sted

for this measurement, the double s,deband radmmeter no,se figure was therefore between 30 and 35 db.

RF losses were estimated to be 3.6 db, mixer crystal nome ratio to be 2X, and IF noise figure to be

5.1 db. Therefore, the mixer crystal conversion loss was between 23 and 28 db.
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