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In EEG the electrodes are usually connected by 
means of wires to the terminal box of the EEG apparatus. 
For this reason movements of the subject are restricted 
and, moreover, movements of the connecting wires may 
cause artefacts. In some investigations in man as well as 
in animals it may be necessary, however, to record the 

For recording the electrical activity of the brain in a 
normal, free, and unrestrained cat, Gold and Perkins 
(1959) developed a miniature telemetering system. 

Vreeland et al. (1958) constructed a miniature transis- 
tor telemeter similar to the vacuum tube unit described 
by Glasscock and Holter (1952). Shipton recently (1960) 
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Fig. 1 
Diagram of the EEG amplifiers and sub-modulator. 
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EEG while the subject is moving. In these cases wireless 
transmission of the EEG can be used. This method implies 
that the subject has to carry the amplifying and transmit- 
ting apparatus, and requires that the dimensions and the 
weight of this apparatus should be as small as possible. 

Applications of wireless transmission of the EEG 
have already been published by various investigators. 
Glasscock and Holter (1952) and G6tze et al. (1958) 
described portable apparatus for EEG telemetering em- 
ploying vacuum tube circuits. 

described a system for telemetering electrophysiological 
data. These devices are not well suited for multi-channel 
EEG transmitting because of the weight of the amplifiers, 
of inadequate amplification, or of inappropriate input im- 
pedances and time constants. In comparison with vacuum 
tubes, transistors allow a considerable decrease in the 
dimensions and weight of the apparatus and thus offer 
the possibility of increasing the number of channels to be 
recorded. 

For this reason a two-channel transistor telemetering 
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system has been developed. The apparatus consists of two 
identical amplifiers, a sub-modulator and an HF trans- 
mitter. Each of the four stage EEG amplifiers has a gain 
of 3000. Emitter-follower input stages provide for an 

the HF oscillator. The oscillator has a center frequency 
of 52 Mc. The tank circuit in the collector lead of the 
power amplifier is tuned to twice the frequency of the 
oscillator. Thus the transmitter signal has a center Ire- 
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Fig. 2 
Diagram of the HF transmitter. 
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input impedance of 300 k~. The transistors of the input 
stages are selected for minimum noise, and to obtain the 
required gain, transistors havingfl ~> 100 are used.Alloyed 
junction high frequency transistors have been used for the 
amplifier stages since with these transistors a current am- 
plification of about 100 can be obtained with a reasonably 
low zero collector current lc0. The low lc0 permits adjust- 
ment to a low collector current, ensuring minimal current 
consumption from the batteries. Fig. 1 shows a complete 
diagram of the amplifiers and the connections of the two 
amplifier output stages with the sub-modulators. These 
submodulators perform combined pule_e-frequency and 
pulse-duration modulation. The outputs of the two ampli- 
tiers are connected to a multi-vibrator and a monostable 
trigger. The pulse-duration of the monostable trigger 
varies linearly with the output voltage of amplifier [. The 
output voltage of amplifier i1 effects frequency modula- 
tion of the multi-vibrator square wave. As the monostable 
trigger is started by the multi-vibrator, the output pulses 
of the monostable trigger vary in duration as well as in 
repetition rate in accordance with the EEG amplifier out- 
put voltages. The output pulses provide for frequency 
modulation of the HF oscillator in the transmitter part. 

Fig. 2 shows the diagram of the HF transmitter. Fre- 
quency modulation is effected by the variation of the col- 
lector capacitance which shunts the tuning capacitor of 

quency of 104 Mc, and the deviation is 75 Kc. Power is 
supplied by two 1.25 V miniature storage batteries with 
a capacity of 150 mAh. The total curren! consumption 
from the batteries is 7 mA and thus the apparatus can be 
used for about 20 h without charging the batteries. 

As the radiated power is very small, it is necessary to 
use three separate receivers. The aerials of these receivers 
have different directional sensitivities. With these provi- 
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Fig. 3 
Frequency response of the complete system. 
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sions the telemetered signals can be received in an area 
with a radius of about 30 m (100 ft). The cross-talk be- 
tween the two channels is less than 3 per cent. 
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Fig. 4 
Calibration signal of 50 ffV. 

The receiver may be any commercial FM receiver. 
Feedback from the receiver ratio-detector to the oscillator 
provides for automatic tuning of the receiver. 

Movement of the transmitter with respect to the body 
of the subject (human or animal) may cause frequency 
variations of the transmitter oscillator. Such frequency 
variations are compensated by automatic tuning of the 
receiver. 

The output pulses of the ratio detector are similar to 
those which provide for frequency modulation in the 
transmitter part. 

The EEG of channel I is obtained by measuring the 
peak voltage of a capacitor which is periodically charged 
during a time, equal to the duration of the ratio detector 
output pulses. The leading edge of these pulses also starts 
a monostable trigger. Integration of the monostable trig- 
ger output voltage by means of a lowpass filter gives the 
EEG of channel II. 

Fig. 3 shows the frequency response of the complete 
system measured from the amplifier input to the recording 
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Fig. 5 
Radio-telemeter for transmitting human EEG, (above) 
and EEG in dogs (below). 
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Fig. 6 
A. EEG of a normal subject while walking and standing 
with eyes open and while standing with eyes closed. 
B. EEG of a dog when walking, when lying "dull eyed", 
and when asleep. 
1. Derivation from chronic implanted depth-eleclrode 
(probably hypothalamic). 
2. Derivation from cranial electrodes (occipito-parietal.) 
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apparatus. With a 10 kf2 resistance across the amplifier 
inputs, the equivalent noise level of the entire system is 
approximately 2/LV (Fig. 4). 

The total weight of amplifiers, transmitter, and bat- 
teries is 100 g. In Fig. 5A the apparatus as used in inves- 
tigations on humans is shown. 

Fig. 5B demonstrates an adaptation of the apparatus 
for correlation between electrical activity of the brain and 
behaviour in dogs. Results obtained in the human subject 
are shown in Fig. 6A. Note absence of movement arte- 
facts when subject is walking. In Fig. 6B are shown curves 
obtained in a dog from a depth derivation I (probably 
hypothalamic) and from a surface derivation 2 (parieto- 
occipital cranial electrodes). Note absence of movement 
artefacts when animal is walking, increase in depth lead 
of 18-20 c/sec activity when animal is lying down, awake 
but looking "dull eyed," and increase of slow activity 
when animal is asleep. 
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