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By now several wends have developed in the application of biotelemetry to physiology [1, 5, 6, 111, and they
include dynamic biotelemetry, whereby investigations may be made of a man moving ffeely under natural conditions
of labor, sport, etc.

For many years we have been developing an apparatus for dynamic biotelemetry for application to the physio~
logical problems involved in labor and sport. Previously we have described the radiopulsophone [4, 5, 7], the tran-
sistor radiopneumogtaph [10], and the contact radiopneumometer [3]. We have now perfected a single channel system
which will enable any of three kinds of information to be recorded according to the sensitive element included. The
aansmitter is a combined radiotelemetric device (CRD). Here we describe a portable transmitting instrument ("pa-
tient’s insoument”) type CRD-3 ,

The receiving and recording portion ("operator's instrument”) remains practically the same as in previous
models, and will be described very briefly,

The "patient’s device" satisfies the following requirements,

1. It is a single-channel unit in which the heart rate (principal indication) is recorded in terms of the R wave
which is led off from special fluid sucker-electrodes, which we had developed previously for the radiopulsphone [5,
8]; the pneumogram is recorded by means of a carbon-granule element fixed on a belt surrounding the thorax, a
unit developed by us previously for the radiopneumograph; it resembles the sensing device of V. E. Busygin [2]; in-
formation concerning other indices is obtained by closing of a contact (for example a breathing mask with a con-
tact valve, a contact device for counting the number of movements and the duration of their phases, etc.).

2. The insoument has been made entirely from transistors and miniature components; it weighs 120 g.

3. Power supply is obtained from seven miniature alkaline storage cells type D008 which maintain continuous
operation for three hours,

4. For convenience in use controls have been eliminated completely except for a two-pin plug for connection
of the power supply. For the same reasons we have incorporated the sound signal which enables discrete events (for
example, heart rate, frequency of movements as signalled by closing of a contact) to be heard and measured with a
stop watch.

5. When a receiver having a sensitivity of 3-5 yV and a simple stub aerial is used, for graphic recording the
direct uninterrupted range is better than 30 m, and for the auditory signal the range is not less than 100 m, For
Operation at greater ranges provision is made for connection to an external transmitter.

6. The apparatus is adapted for manufacture (no great amount of labor is involved in its assembly, and its
characteristics are not greatly dependent upon the transistor characteristics).

The principal components of the CRD-3 unit (Fig. 1, 2) are the amplifier, multivibrator, and radiotransmitter;
they have a common power supply,
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Fig, 1. Syétem of dynamic biotelemetry based on a combined
radiotelemetric instrument type CRD. Block diagram,

The amplifier has three~balanced stages incorporating P-13 transistors. As compared with other transistor am-
plifiers [12, 13, 14] the special features are the elimination in the first stage of the emitter repeater (some increase
of the input resistance to match the interelectrode resistance of the patient is achieved by use of a 6,8 kQ resist-
ance in the base of the first-stage triode), and satisfactory operation is given without use of a third electrode on the
subject. At a frequency of 20 cps the amplification factor is 400-600, The frequency characteristic of the am-
plifier in conjunction with the input filter and the values of the coupling capacitors selected results in preferential
amplification of the R wave of the electrocardiogram, and less amplification of the high-frequency components from
the muscles and the low-frequency components from other parts of the electrocardiogram (T and P waves)., The result
is a stable recording of the cardiac conwactions under conditions of vigorous muscular activity.

The amplified R-wave signal is fed to a multivibrator built of P-14 transistors, and modulates its frequency.
The frequency is in the audio range, varying between 500 and 3,000 cps according to the model; V. M, Forshtadt
has worked out a modified circuit, the CRD-2 device (Fig. 3), in which the multivibrator is arranged as a trigger
circuit (amplified R waves cause either onset or cessation of oscillation), Choice of continuous oscillation or various
trigger arrangements may be selected by potentiometer Ryg.

The rheostat element of the pneumogram is connected directly to the multivibrator and also modulates the
frequency. The contact may be included in place of the rheostat, in which case closing or opening cause alterations
in the multivibrator frequency; alternatively,it may be connected so as to break the supply to the transmitter (open-
ing the contacts switches off the wansmitter, closing of the contacts switches it on). We have used a face mask with
a valve contact [3]. and a contact pedometer (developed together with G, L. Karmanov).

The transmitter consisted of a two-stage circuit with self-excitation assembled out of P-403 transistors operat-
ing at a frequency of39Mcps.* The transmitter is amplitude-modulated by the multivibrator,

We thus use a FM=-AM frequency for transmission of the information, i.e., the carrier frequency generated by
the multivibrator and lying in the audio range is frequency-modulated, while the ulira short carrier wave is am-
plitude-modulated.

The function of the aerial is performed by a coil fixed in the outer part of the device just beneath the case.

Provision is made for connection of the three sensitive elements described. Contacts are also provided from
the internal storage cells for charging and for connection to a plug; (when necessary an external power supply may
be used and the internal storage cells disconnected). Also a special connection is available for the transmitter
{power supply and modulation signal), so that if necessary the ransmitter may be switched off and the carrier fre-
quency oscillations may be taken to the modulator of an external, more powerful transmitter,

To avoid interference when the apparatus is severely shaken all the contacts are spring-loaded. In the first
stages of the work we used screw connections, and the plugs as a rule made two connections, one with a pin and the

other with a socket so as to avoid the possibility of misconnection.
V. v
* At the present time frequencies of 39 and 145 Mcps are usedin the USSR for medical radiotelemetry.
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The instrument was housed in a plastic case 1 mm thick; it measured 110 X 70 X 25 mm.

The receiving and recording unit ("investigator's apparatus”) included (see Fig. 1): 1) USW short-wave am-
plitude-modulated signals covering the band from 38 to 40 Mcps; 2) headphones for listening; 3) a decoder in the
form of a diode-capacitor frequency meter; 4) a heart-rate recordér (an electrocardiograph connected to the output
of the frequency meter); 5) a pneumogram recorder (a dc amplifier and recording unit, type N-370).

It must be emphasized that such an elementary transmitting system consisting of a single-stage AM transmitter
with self-excitation cannot give impeccable stability for the graphic recording of biological potentials or other func-
tions because of the impossibility of screening the mansmitter from the action of the swrounding mass present in bio-
telemetry {(and the frequency may therefore change); the receiver-recorder apparatus must be accurately constructed,
which makes the work difficult for the nonspecialist.  We think the device is completely efficient first of all for
recording pulse and respiration rates via the headphones, so that the physiologist or medical man may easily gather
extensive material. For these purposes the use of a portable super-regenerative receiver based on wransistors is fully
justified; £. 1. Rimskikh developed the receiver for us.

The CRD-3 apparatus has been successfully used for radio telemetric observations in the physiology of labor
and sport.

For stable graphical recording we have developed
L frequency-modulation transmitters and receivers which

12 will be desciibed separately.
7% We think that the production which has been under-
775~ - taken of the first industrial instrument for dynamic bio-
J RIS __?—57%0—” @ telemetry ‘in physiology = the tele-electrocardiograph
2now | T VNII MIO [8] will lead to the rapid introduction of radio-

telemetry in scientific investigations, and will lead 10 a
demand for the development of new miniature instruments.

79 9 One such instrument is the transistor device described here.
M43} stponpes
26Q), SUMMARY

A description is given of a single-channel wansis-

R2 c] R25 torized instrument, type CRD-3; it provides for separate
2wl |12 [J radio recording of various physiological quantities, ac-
Aom - cording to the sensitive elements used. Records which

may be made from an individualimoving freely include:

Fig. 3. Another arrangement of the circuit for unsym- heart rate (from the R wave of the electrocardiograph led
metrical connection of the amplifier to the multivi= off from the skin of the chest) pneumogram of the chest
brator (portion of the circuit, distinguishing instrument (by means of a rheostat element), the frequency and dura-
type CRD-2). tion of the different phases of the respiratory movements

(recorded through the closing of contacts). The insqument
includes an amplifier, a multivibrator, and a transmitter all powered from miniature storage cells. We have demon-
strated- the usefulness of multipurpose instruments allowing transmission of different sorts of information over a single
channel,
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