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thls modulated FM system 31mu1taneously transrmts w1th prec1sxon both

rotor speed and rotor temperature.
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_spmmng ultracentnfuge rotor (1-4) have exther been unpracnca.l for routine

- laboratory analyses, have had certam techmcal 11m1tat1ons, or have relied

‘radio telemetry is the techmque devised by Robinson and Beams for use .

coefficient of the ceramic capacitors used in the tuned circuit, We have

. found the frequency to be quite reproducible with respect to temperature, - . ‘-_ s

transmitter for more than 25 hours of continuous operation in the spinning .

- rotor,

of the transmitter. tﬂ%unted in the rotor. This signal is either read on a panel
‘meter, or fed to a' '{np chart recorder, The system may be initially. cah- |
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Prevzous methods developed"to measure the temperature of a rapidly

~on rotatmg contacts requ1rmg cr1t1cal ad_]ustment An example of prev1ous o \

" with magnetlcally suspended rotors, Although prov1d1ng accurate tempera-
ture monitoring, their device involved a somewhat complex blocking-oscillator

frequency-ratio circuit, which to our knowledge has not been used for high-

speed rotors, either analytic or preparative, This communication describes
the application of a simplified radio telemetry syvstem_ which has essentially
none of these shortcomings, and is capable of routine operation at rotor
speeds of 52 640 rpm. o o b

A transistorized Colpitts oscillator,. which operates in the standard

FM band, is inserted into a hole in the bottom of the rotor, as shown in

‘Fig. 1. The frequency of the transmitter inereases with temperature at a

rate of approximately 60 kcs/ C, because of the high negative temperature : .

‘The entire transmitter and antenna-loop assembly is potted in thermally
 conductive epoxy.. thereby prov1dmg great mechanical rigidity. Power for =~ .,
‘the transmitter comes from two small mercury cells (Mallory type 6RM- 312)

- mounted in the rotor above the transmitter. These batteries power the

The signal from the transmitter is coupled to a stationary pickup

_coil mounted about 2 cm below the transmitter in the rotor chamber, The .~

 coupled signal is fed via coaxial cable to the receiver, consxstmg of an

ordinary high-fidelity FM tuner (Eico Model. HF-90A). The dc voltage output

of the tuner's dlscnmmator is then proportional to the temperature excursion -

8

yeoo

brated by s1mu1tan& usly mea-surmg the temperature of the rotor whlle at

rest with a separate dev1ce of acknowledged accuracy, such as a calibrated

. digital thermometer 1D1g1tec Model 502) Thus, a thermistor probe and
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br1dge serve as a practa.cal referenee for th1s telemetry system. ,
_ The dc s1gnal from the d1scr:tmma,tor has been used as the input for
' va negatwe —feedback temperature -control system, whzch employs a refng-
| erated rotor chamber m conJunctmn with a controlled 200«watt heater, as
‘shown in Fig. 2. Although not extens1vely tested, this arrangement should_
: provide more accurate control of rotor temperature than available W1th o
| the usual Spinco RTIC unit, 5

The temperature of a Spinco aluminum -analytical rotor, type An-D,
‘was measured as it underwent a normal analytical run including full -speed
‘ operation at 52 640 rpm. Figure 3 shows the sharp temperature drop on

acceleratlon, the slow rise due to frictional effects, and finally, the sharp 3

rise on deceleration, These results are similar to those obtained prevmusly T

by Waugh and Yphantis, 2 using a radiation thermocouple to measure the
temperature of the bottom of the rotor, We estimate that our technique
indicates the actual temperature of the center of the rotor with an error of -

 approximately +0,05°C. Gropper and Boyo:i6 have measured the temperature

gradient from the sample cells, near the periphery of the rotor, to the center

of the rotor, and have found it to be both small and constant for a given type

of rotor, We therefore expect to be able to correct our observed temperature

| readings to the actual sample temperature in the analytic cell,

Precise rpm measurement is achieved from the sinusoidal a.mphtude-

modulated signal produced by the varying coupling between transmitter and
receiver antennas during rotation, - The frequency of the sine wave is the

_ rotational frequency of the rotor, and is counted for either 0.6, 6.0, or 60

seconds by a Hewlett-Packard Preset Counter Model 5214L, depending on .’

- the time period ove‘r which it is desired to integrate rpm, This measure~

ment provides a co({'ntinuous digital display of rotor rpm, having far greater

~accuracy than that;obtainable with the usual ultracentrifuge tachometer.
When five -digit accuracy is desired in a shorter counting time, the period
- of the sine wave m@y be measured,

The authora’ wish to thank Frank T. Upham and Edward F. Dowling

. of the Lawrence I
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i3
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Recordmg of rotor temperature during a typmal analyucal run

‘No temperature control was used for this run,

et
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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