
Other methods have been used for checking larger metab- 
olism mschines. Among these are the complicated radiating 
alcohol burner of Jones (Z),which is exceedingly cumbersome, 
and the ingenious method of Shelley and Hemingway (4),using 
a detachable, electrically ignited lamp that may be weighed 
before and after burning, which is not applicable to work with 
small animal chambers. 

After many unsatisfactory attempts a t  obtaining a reason- 
able R.Q. for methyl alcohol, using a small alcohol lamp, an 
electrically heated platinum spiral, suspended above the small 
alcohol flame, resulted in complete combustion as demon-
strated by the R.Q. The following R.Q.'s were obtained in 
burning absolute methyl alcohol in this manner: 0.673, 0.669, 
0.659, 0.670, 0.655, with an average of 0.665. The theoretical 
value is 0.667. 
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A Simplified Encephalophone 

used, care should be taken to see that the plate supply voltage 
applied to the adapter is within the range of about 40-100 
volts. Stable operation outside of this range is unlikely with 
the circuit constants given. 

Three controls are used in the operation of the adapter. 
The mean pitch of the tone is adjusted by varying R1. Control 

FIG. 1. RI-100,000-ohm linear potentiometer; &50,000 ohms; Ra-
2,000 ohms; h-50,000 ohms; RK-200,000 ohms; Rs10,OOO ohms; R r  
100,000 ohms; Rt-7,500 ohms; RB-500 ohms; R~G-750,000 ohms; CI--0.02 
rnfd.; C w 1 . 5  or 2.0 rnfd.; Ca-0.03 mfd.; Cp-25 mfd., 25 volts; Tz-10,000 
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A simple adapter has been developed which converts 
the low-frequency varying voltages observed with an 
electroencephalograph into variations in the pitch of an 
audible tone. An instrument which accomplishes this has 
already been described ( I ) ,  but it is felt that .the present highly 
simplified circuit will make this method more readily available 
to those who may wish to explore its possibilities. 

Fig 1. is a schematic diagram of the adapter. The type 884 
thyratron is used in a relaxation oscillator circuit. The con- 
denser, CI, is charged through the resistors, RI and R2. When 
sufficient charge has accumulated on Ct to raise its potential 
to the breakdown voltage of the 884, the condenser will dis- 
charge quickly through the tube, and the small resistor, Ra, 
until the condenser voltage reaches the maintaining voltage of 
the tube, a t  which point the tube will cease conducting. The 
cycle of charging and discharging will occur repeatedly, giving 
rise to audio-frequency oscillations, the frequency of which 
depends mainly on the time required for the condenser, CI,to 
charge up to the breakdown voltage of the 884. Frequehcy 
modulation of these oscillations may therefore be accomplished 
by varying the potential of the grid of the 884, thereby varying 
the breakdown voltage of the tube. 

The oscillations generated by the thyratron circuit are 
amplified in a single-stage amplifier, using a type 6K6 tube, 
and applied to a loud-speaker. A single 45-volt battery has 
been found entirely adequate for the plate supply. The current 
drain is only about 6 milliamperes. The heaters may be 
supplied by a transformer. If it is desired to obtain power for 
this adapter from the electroencephalograph with which i t  is 

ohms to voice coil; loud-speaker-5-inch permanent magnet dynamic. 

over the sensitivity, or ratio of pitch deviation to input signal, 
is effected by the potentiometer, K. The loudness of the tone 
may. be adjusted by means of the volume control, Rr. At 
maximum sensitivity a 50 per cent increase in audio-frequency 
is obtained when the grid of the 884 is made more positive 
by 1volt. 

The input terminals of the adapter are connected across the 
writing mechanism of the electroencephalograph. In  most 
commercial electroencephalographs this connection may be 
made by means of binding posts on the writing mechanism 
unit. Sufficient voltage to operate the adapter will be available 
on any of the magnetic or piezoelectric writing mechanisms in 
current use. The adapter may be left permanently connected 
across the writing mechanism terminals, even when not in use. 

The adapter was attached first to a low-frequency oscillator 
in order to test its response. Waves of about 8-12 cycles 
produced the effect of a fast musical vibrato applied to the 
tone. Waves in the range above 20 cycles produced a 
roughening of the tone that was decidedly unmusicalsome- 
what like the sound of a hornet. Waves of about 
5-7 cycles produced the sensation of a musical vibrato of slow 
to moderate rate, while slower waves of about 1-4 cycles 
sounded more like a gliding variation in pitch which could be 
followed continuously. 

Similar results were obtained when the adapter was attached 
to an electroencephalograph and human subjects were used. 
With a little practice, i t  was possible to estimate the frequency 
of the predominant activity quite closely by listening to the 
frequency-modulated tone. 

The apparatus may be simplified by eliminating the power 
output stage and speaker and substituting headphones. This 
has the added advantage of confining the sounds only to the 
listener and eliminating any disturbing effect which they may 
have upon the subject and the recorded potentials, since audi- 
tory stimuli may affect the EEG pattern. 
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