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This paper describes a new
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by means

of

lengths as short as 4.9
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it

ultra-high frequency radio
was possible to obtain wave-

min.

ave1engths viere measured with a diffraction grating,
a radio frequency thermocouple, and a high sensitivity
The

D'rsonval galvanometer.
The effect of changes in grid voltage, plate voltage,
arid filament emission were studied. It was found that by
varying the grid voltage alone from 1 volts negative to 45
volts positive the wavelength changed from 7.0 cm to 0.5 orn.
The plate voltage exerted an influence upon the wavelength bit
not to snob a marked degree. The filament emission not only

affected the wavelength but also the

power output as

well.

All these effects support the premise that the thernii0fb

tube in the case d.iscassed is acting as an electronic

oscillator of the Barldiausen-Xurz type.
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GERATOR

INTRODUCTION
Since the ultra-high frequency portion of the radio

spectrum has been found to
muriication (io)

be

of use,

not only for

corn-

but also for spectroscopic analysis (2),

considerable attention has been concentrated upon the means
of producing continuous wave

cies.

oscillations

at

these frequen-

See Bibliography (l-12).

There exist at present but two types of oscillators

capable o± producing these continuous ultra-high frequencies, now (ca. 1934)

mown

Kurz oscillators

and.

(1)

as microwaves, namely .Barkhausen-

magnetron oscillators (12).

In the first mentioned type of oscillator the grid, of
a triode having concentric cylindrical elements is made

positive while the cathode is kept at zero potential and
the plate at either zero or a slightly negative voltage.

This type of oscillator has been made to produce weak

oscillations In the

5

cm region.

In the magnetron oscillator a diode (usually with the
anode split in two or more segments)

is mounted. in a magnetic

field in such a way that the magnetic field. is applied.

parallel to the longitudinal axis of the tube elements.
Thus far this oscillator bas proved to be the
to efficiency

and.

shortness of wavelength.

best both as

However it is

F1

generally recognized, as indicated by the following quotation,

that the limiting dimensions of a tube for this pur-

pose have been nearly reached.

which had an

"One o± the smaller tubes,

ode radius of 0.027 cm arid a Lecher wire

system about 4 mm long produced waves 1.13 cm long, with
b70 volts on the anode and a magnetic field of 11,000

gauss."

(2)

A thorough search of all the available literature

revealed that at the time this investigation was started
the shortest continuous .ave that had been prodnced. with

thermionic tubes was 1.13 cm.
Some thought was given to the possibility of combining
these two types of oscillators by using a triode thermionic

tuoe in a magnetic field.

Such an experiment was attempted

and the results obtained were far better than anticipated,
the minimum wavelength produced being 0.49 cm with a power

output comparable to that of a Type 45 thermionic tube in a

regenerative oscillator on

5

meters.

By using the circuit shown in this report and a tube

especially designed and built for this purpose there is no
reason why it should not be possible to attain wavelengths
in the region usually referred to as the

far mfra-red.

Although the author has made no attempt

to

use the

oscillator herein described, either as a means of oornmuni-

cation or in the field of mfra-red spectroscopy, it is his

3

belief that the oscillator mentioned il1 provide
and versatile tool for research in these fields.

a

useful

4

APPARiTUS.

PROCEURE1,

AND DATA

The apparatus used. consisted of the tube,
and.

the device for nasuring the wavelength.

tube was an

unknown.

old.

the magnet,
The thermionie

French tube, pre-war model, type namber

The eleotromagnet was one which was capable o±

producing a field strength of 3.5 kilogsusses across an airgap

of 5.5 cm between pole pieces 1.5 cm in diameter

direct current of

ô

amperes.

The wavelengths

with a

of the

several

frequencies were measured by means of a grating spectrometer.
The oscillating doublet was placed. at the focu.s of a cylind.rical parabolic

reflector.

used at d.ifterent times.

Two diffraotion gratings were

Both were made of strtps of

transformer iron with an air-gap equal in width to that of
the strip in order to eliminate spectra of even order.

one the strips were 5.5 cm wide in the other 2.5 cm.

tral energies were

In
Spec-

asured. by means of a radio frequency

thermocouple and high sensitivity D'Arsonva]. galvanometer.
The oscillator and detector together with the necessary

auxiliary apparì tus are shown on page

5

with the parts being

labelled as follows:

A--Motor-generator set for anode potential
B--.Therrnionic-Tube (Freich, pre-war,

type unmown)

C--Electromagnet
D--Lecher wire system and pick-up loop
E--Parabolic reflector

lhi1

ï','

p-i
L.I

À'

1

tr.

\

P--Diffraction grating
--Thermocou.p1e shield., grounded. by wire

11--Telescope
I--Ammeter in the electromagnet

circuit with

rheostats in the rear of it for varying the
current in the electromagnet
J--Table, holding the following instruments, in
background--from left to right--plate inilliammeter and plate circuit voltmeter, in the
mid.dle also from left to right, grid circuit
galvanometer, grtd potential voltmeter, voltage
divider, and "B" battery for supplying the grid.
bias; and. in the foreground, from left to right
the filameit circuit ammeter and rheostat.
gratin.g spectrometer is shown

The

various parts are labelled

on

on

pages

7

the photograph (page

and 8.
)

The

as

follows:
A--Parabolic reflector
B--Grating
C--Grounded thermocuple shield
D--Eigh
Page

9

sensitivity galvanometer

shows the

apparatus connected for taking data

for the static characteristic

o±

the triode in a magnetic

field.

These curves shown on pages 10, 11, 12, and. 13 were

taen

with the plate voltage, grid bias voltage, and filament

current constant while the .uagnetic field strength

was varied.
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from zero to the point at which it prevented. electrons from

reaching the plate (cut-off).
The ap9aritus was then connected. as shown on page 15

where the following procedure was found. necessarj for

successflJ operation as an ultra-high frequency oscillator.
First the filament was heated
the plate

desired,

and.

the grid. bias applied., then

v1tage was applied and brought
and.,

up to the value

finally the magnetic field strength was slowly

increased from zero to the point where the plate current
stopped decreasing and sudderil

increased.

At this point

there is a noticeable change in the deflection

oÍ'

the gal-

vanometer in the grid circuit, and a deflection of the thermogalvaxiometer in the detector circuit

(page 15).

The

latter deflection was made a maximum by carefully varying
the current flowing through the electromagnet.
1hen this had been done the

oscillator was operating

in its most stable state, giving maximum output at the best

efflci enc,y.

A measurement of wavelength was made in the following
manner:

first, angle e (page 16) was made equal to zero;

then the arm was moved in a clockwise direction in equal

aròitrary steps, until the third order spectrum energy peak
was passee,

(see page 16),

then the arm was rotated in a

counter clockwise direction back through the position
(position of central maximum)

;

8

0

then the thermocouple arm was
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moved further in the same direction (counter clockwise)
until the third order spectrum peak

passed, after which

'sas

the thermocouple arm was moved back in a clockwise direction

position of central maximum.

to the

were taken at each step.
to be checked twice
at some other time

a1vanometer readings

This procedure allowed every point

during a run

ad each

run was duplicated

to check the results.

These data were then plotted as shown on pages 16,
and.

lb,

From these curves the position of the first order

19.

peak was carefully determined and the angle

measured with an accurate protractor.

8

carefully

The wavelength of the

oscillations was then computed by means of the equation,
(see ii),

11

(A + B) sin e

where n, the order of the spectrum, is unity (in this case)
and.

A

+

B is the grating constant, and is equal to 11

cm for

the grating used. in determining the longer wavelengths and
5

cm for that used with the shorter wavelengths.
The author realized that there should

e

some attempt

made at collimation of the energy impinging on the thermo-

coule.

This was to be accomplished. by mounting the thermo-

couúle at the focus of another cylindrical parabolic reflector,

however, unfortunately,

the tube in use at the time was

burnt out due to the necessity for large over-voltages
the elements for the production of the shortest

obtained,

thus bringing the

on

wave1ngths

tnvestigation to a close, since
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20
it was

impossiole to replace the triade used.

The thermocouple used was one of the hot-wire type,

shown on page 21.

It consisted of two copper sheets,

A,

which were connected with a nichrome ribbon, B, to which was
soldered a small chromel wire, C, and a small copal wire, D.
The couple

ws

mounted. on a piece o± fiber board,

E.

The

thermocouple was then swathed in cotton and eut into the box,
C, page b, which was grounded.

The

thermooiple

nected to the galvanometer, D, page

iias

con-

.

Since these axperirrnte were conducted almost directly

beneath the antenna of uroadcasting station KOAC, 560 kc,
1000 watts, particular attention was given to shielding.

difference in operation or measurement could be detected

whether KOAC was in operation or not.
Before the grating spectrmeter was constructed, attempts

iiere

rde

to detect the

between 2500 meters and

wavemeter, and from
wire wavemeter.

1

i

rter

presence

of

any oscillations

by means of a

meter to 10 cm

b;q

enera1 Radio

means of a Lecher

Both attempts were unsuccessful.

o

©
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THEORY
The theory of the

arkhausen oscillator bas been very

completely studied by F. B. Liewellyn,
.thell

(5)

(6)

(7),

of The

Laboratories.
The Barkhausen oscillator consists of a filamentary

cathode, surrounded by a cylindrical grid which in turn is
su.rrourid.ed by a

cylindrical plate.

The grid is

a high positive potential while the plate is

operated at

operated at

the same poteutial or a slightly lower one than. the cathode.

although not necessarily, the pl&te and grid are

erieral1y,

coníected by an external tuneci circuit, consisting of
zid

capacitance.

in-.

This tuned circuit need not be

external to the tube but may consist of the internal capacitance and inductance of the tube elements and leads.

Suppose that a transient is started in the tuned
circuit by some external means, say the application of a
voltage.

Then if the forces produced on the moving eleo-

trons by this transient deliver energy to the electrons,

will die out, whereas if the

rving electrons supply energy

to the transient it will be built up.
is

it

The necessary energy

furnished by the grid battery in increasing the kinetic

energy of moving electrons; the transient exists as a continuous oscillation

oÍ'

the period of the moving electrons.

In the absence of a transient an electron emitted from

the cathode will be attracted to the grid,

and in so doing

23

grid batters.
fter passing
through the grid mesh the electron travels on, but gradually
slows down until it comes to a stop before reaching the
1late; during the flight through the grid-anode space the
electron has been delivering energy back to the grid supply.
Then as the electron retraces its path through the gridanode space it again draws energy from the grid voltge
supply, and on passing through the grid mesh delivers
energy back to the grid battery until it has stopped its
motion toward the cathode. The same process is then repeated. However, oscillations, in the sense of electromagnetic
vibrations, do not take place, because the energy transfer
from grid battery to the electron is exactly balanced by the
energy transfer frm the electron back to the grid battery,
resulting in a system in perfect dynamical equilibrium.
However, when the transient is introduced into the tuned
circuit, conditions are consideraoly changed. For the
reasons described aoove, the grid, potential alternates with
the swnging of the electrons back and forth through the
grid, mesh. Therefore, the resulting forces acting on electrons that start from te cathode at different times in the
alternating-current cycle, v.11 be quite different. For
example, let us suppose that an electron starts out just at
the time when the alternating force is acting in the same
direction as the steady potential of the grid battery. The

will

draw energy from the

24

alternating force increases in intensity as the electron
moves along, then decreases to zero, reverses direction and
opioses the motion, and finally completes the cycle by becoming positive again. At the instant the electron passes
through the grid, there is a reversal of force on the electron due to the fact that the grid is now behind the electron instead o± in front of it. As the electron moves
toward the plate the alternating force decreases to zero and.
then reverses. Therefore, it is seen, the force due to the
alternating current supplies energy to the electron through
both halves of the cycle and since this energy must be
supolied from the transient the transient will soon die out
and oscillations cease.
Let us examine an electron which leaves the cathode a
half-cycle after the one just discussed. It is easily seen
that in this case the alternating force opposes the motion
of the electron, but cainot stop it since the alternating
force is never as great as the force due to the constant
grid potential. herefore, the electron is actually doing
work against the alternating force, delivering energy to the
transient in the external circuit. Due to the fact that
tnis delivery of power to the transient slows down the electroi, the electron will pass through the grid. after the reversal of direction of the alternating force. When passage
through the grid mesh again reverses the direction of the

25

steady force, the electron will continue to supply energy to
the transient.

This electron will return to the grid-

cathode space at such a time that lt will start back on 1t8
journey through the grid mesh at the

same time that other

favorable el3otrons are leaving the cathode.

This results

in a concentration of electrons in the tube-spaces;
feed.

these

energy to the transient, the energy being supplied by

the grid battery,

and.

resulting in oscillations of the

arkhausen type.
In practice the operating conditions modify this

process somewhat.

For example, space charge around. the

cathode results in the production of more harmful electrons
than beneficial

ones.

Therefore cathode space-charge satu-

ration is to be avoided.
the

Space-charge concentration around

plate results in a phase shift between the grid poten-

tial and the alternating potential which in general tends
to raise the oscillation frequency.

In the case of the

oscillator with which this report

deals, it Is fairly safe to say,

for reasons which will

appear later, that the oscillator is in effect a Barkhau.sen
oscillator, and that the theory as stated fits the case at
least qualitatively.
Ii

order to check

tile

assumption that the oscillator

described is an electronic oscillator, computations were
made by means o± equation

(2)

below.

26

Holiman

gives an equation for wavelength of the

(3)

oscillations of a Barkbausen-Kurz oscillator,

ioh is as

follows;

(n

Vc-

Eg_Ea

A is the wavelength,

Eg is the

grid,

Ea

plate voltage,

is the

voltage,

is the diameter of the

anode,

and dg is the diameter of the grid.
This equation is not directly applicable to the present

oscillator on account of the difference in the circuits.

Instead of using a high positive potential on the grid o±
the triode to provide power for the transient by means of
the motion of electrons, the power is supplied by a high

positive potential on the anode, while the to and fro movement o± the electrons is caused by the magnetic field.

latter part of the above assumption is true,

he

since Hull (4)

has shown that at the cut-off condition the electrons

leaving the cathode describe paths which are approximately

cardiodal in shape, returning to the cathode at approximateli the same place from which they left.

quation

(i)

becomes;
A

1000

___

.

EÑ - d

E-E
a
g

E
(2)

27

Computations with Equation (2) yield a set

values
which when plotted to t'ne same scale lie parallel to and in
excess of the values of wavelength deterrnixìed experimentally.
This apparent non-fitting of experimental data and computed
values is to be expected however, for Equation (i) is an
empirical equation somewhat modified by the assumption that
the alternating current is very small, which is not true for
the oscillator being described. À correction factor Is
o±

needed to take account of the large magnitude of the

alter-

nating current, (8) (9)
From the above discussion it seems lorical to assume
that the oscillations are due to the action of a moving
cloud of electrons, in which the electron transit time is
proportional to the period o± the oscillations, rather than
due to some feed-back or

regenerative condition.
There are several advantages in using a high positive
plate potential and a magnetic field rather than a high
positive grid potextial to produce the oscillations. The
plate is capable of dissipating more energy than is the grid.
Higher potentials can be used. Space charge around the
cathode is prevented; with the magnetic field space-charge
saturation in the cathode space is not attained except for

extremely high values of filament current because the magnetic field keeps the electron clouds in rotation about the
cathode at such speeds that the electrons are thrown out of

28

centrifugal force. However, for high cathode
emission the electrons are supplied much faster than the
field strength requisite for oscillations can remove them.
This accounts for the flattening out of the curve on page
the cloud.

29.
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DISCUSSION
On pages 10

nd 12 are shown some curves of plate

current plotted. against magnetic field strength,

values of grid bias volt5ge.

at various

These curves are identical in

shape to those obtained from the two-element tube used as a

magnetron.

It

is interesting to note that the

value

grid.

o

bias, although it changes the maximum value of plate current
and.

the slope of the curves,

does not affect in any wa

value of the magnetic field strength at cut-off.
this is to be expected.,

the

However,

since, according to Hull (4)

,

space-

charge has no effct upon the cut-off value of the magnetic
field, Therefore, since both the space-charge field and. the

field due to the

grid.

potential are electrostatic in nature,

naturall' if one bas no effect upon the cut-off value of the
magnetic field, neither will the other.

Thus the experi-

mental curves shown on pages 10 and 12 substantiate Huilts

reasotng.

These curves will be referred to as "norial"

charateristic curves.
The curves on pages 11 and 13 will

characteristic curves.

t

oe

called "abnormal"

every irregularity,

either in the

trend of a single curve or in the crossing of one curve by
another, oscillation is taking place.

The

irregularities in

the abnormal curves are accounted for by the fact that os-

cillations take place, not at a definite single value of
magnetic field strength, but over a small range of values.
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Naturally there is

sorne optimum

point in this bond at which

the oscillation energy will be a maximum.

rise to

This will give

character as a resonance curve. In fact, oecause the magnetic field strength
is au integral part of t'ie oscillatory circuit, this curve
may e called a resonance curve.
Let us take for discussion curve 5 on page 11.
t
zero value of field strength the plate current has a value
of 7 ma determined by the grid bias alone. As the magnetic
field strength is gradually increased, the plate current
decreases In a normal manner until a field strength of 150
g;.uss Is reached, when, due to the circuit conditions being
right for oscillations, the tube starts oscillating and there
is an abrupt change in curvature; the plate current no
longer follows the normal curve out, due to the interlocking
effect present in ail oscillators, follows the resonance
a curve of the saine shape and

results in a secondary
maximum causing the curve to become irregular; but as discussed above this irregularity is not inherent in the charcurve, mentioned previously.

This

ateristic
0±'

curves themselves but is due to the superposition
two curves, namely, the normal characteristic curve and

the oscillation resonance curve.
Tb

same

two or more

reasoning

curves, for

oscillations occur,

and

applied to the crossing of
at one value of the grid bias no
at another value close to that

may be

if
if
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for the non-oscillatory case, the tube does oscillate,
is

it

perfectly possible that due to the resonance curve the

plate current may be raised to such a value that the two
curves

rnay

cross once or, depending upon the descending

slope of the resonazice curve, twice or even three or four
times.
The presence of these oscillations
by use

o± the

is

easily detected.

detector shown on page 15.

The curves shown on pages 16,

16,

and.

19 were

obtained

by plotuing galvanometer deflection against angular position

of the thermocouple.

Each curve shows, very definitely

(a)

the central maximum of energy which is present in all trans-

mission diffraction grattngs,

(b)

the maximum of energy

present in the first order spectrum, and Cc) the general

upward trend of the curve as the galvanometer approaches the
third. order

pea

of energy.

The differences in the position of the first order

peas

shown on pages 16 and 18 is due to the fact that the

grid biasing potential was different for
ttention is particu1ar1

eoh

ran.

called to the symmetry of

these curves about the central axis.

This symmetry, while

not aosolutely necessary for accurate wavelength measurement,

is

convenient for it

the angles to be measured.

atids

to the ease of

determining

If the resonance curves are not

symmetrical about the central axis, one or both of two
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things may be wrong.

Either the gratine is not perpendicu-

lar to the incident beam, in which case it is necessary to

measure the angle of incidence and use the value determined
for the computation of the wavelength, or, during the con-

struction of the

w&veter,

the grating has been mounted in

such a position that a large absorbinR space is presented to
the beam at the center or zero position.
was found to

be

The former case

the more prevalent of the two end called for

careful adjustment of the grating until it was normal to
the incident beam.

The latter source of error was recog-

nized early in the work and easily avoid.e. thereafter.
The resonance curves on page 19 are curves obtained

from the diffraction grating wavemeter when the tube was

oscillating with different values of plate voltage.
These curves have been called resonance curves

oecause

they are similar in shape to those that would be obtained by
the use of a conventional resonant circuit.
The resol!ance curves for change in wavelength with

change in filament current are not shown in this report

because the crrves are of the same form as those shown on
pages 16, 18, and 19.

The curves on the above pages are

included, in the belief that they supply sufficient evidence

that oscillation is taking place and that continuus waves

are oeing emitted.
The crve, page 34,

shows the effect of plate voltage
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n the wavelength of the oscillations producel b

There is a very striking similarity

the tube.

this curve and a

betwe

curve showing the effect of grid voltage on the wavelength
a Barkhausen-Kurz oscillator.

of

This similarity is due to the

similarity of mechanism of oscillation between the two different types of oscillator.
As shown in the notati3n

n the

curve,

it

is also

necessary to change the field strength of the electromagnet
a slight

amount for each change in plate voltage.

be done to apply the proper torque to the electrons

This must
so

that

a considerable portion of those emitted may never reach the

anode at all but be returned to the cathode.
The curve,

page 36, is a curve obtained

b:;

plotting

wavelength against grid voltage with constant plate voltage
and filament current.

This curve also has the same shape

as the grid. voltage-wavelength curve of a

oscillator,

arkhausen-Kurz

However, a glance at the scales of the curve

will show that there is a vast difference Detween the two,
for the curve on page 36 shows a much largor control over

the

vave1ength of the oscillations than does a similar curve

for the Barkhausen-Kurz oscillator.
to the fact that

in the

This is probably due

oscillator shown on page 15 the grid

potential functions in much the same way that it does ordinarily, as a controlling potential.
It

vvas

also necessary in this case to increase the
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mignetic field strength with each increase of grid potential
in the positive direction.

The reason for this may be

easily seen from the curves

of'

s

either page 11 or page 13.

the grid voltage is changed the tube operates upon a

different abnormal characteristic curve and in so doing

requires a change in the field strength to again make the
plate current a maximum.

The change in field strength is

vers slight, however, amounting only to

between 25

and.

50

gauss.
The curve shown on page 29 gives the relation between

filament current and wavelength.

saturation in the cathode space
ment emission,

charge
It
a

and.

Since the space-charge
is

dependent upon the fila-

this curve shows the relation between space-

wavelength.

would apùear at first sight that this curve shows

relation contrary to the accepted idea that space-charge

saturation in an electronic oscillator is harmful, but this
is not the

Oase;

on the anode

arid

oecause, with the high positive potential

with the magnetic field which keeps the

electron clouds in motion throughout their existence, the
building up

of'

not occur.

Thus,

a large space-charge near the cathode does
as the filament current

to a certain limit,

the power output will

wavelength will decrease.
is

is increased,

up

increase and the

However, as the filament current

increased beyond this limit the magnetic field can no

longer keep all the electrons in motion resulting in the

'ouildig up of space-charge near the filament with a
consequent slowing down of the action described above
the

and.

flattening out of the filament current-wavelength curve

as shown on page 29.

That the power output does increase with increased

filament current and the corresponding decrease in wave-

lergth, is shown
at 0.65 amp the

b:ç

the fact that with the filament current

deflection of the thermogalvanometer, page

15, was equivalent to 30 milliamperes, whereas when the

filament current was increased to 0.755 amp the current
in the thermogalvanometer was over 115 milliamperes.

increase cannot be due to resonance as the loop short-

circuiting the galvanometer was 30 centimeters long.

This
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SUBJECrS FOR FURTHER INVESTIGATION
A glance at the curve on page 11 suggests several

applications.
ing,

One of these,

and.

perhaps the most interest-

Is the possibilitj of using a triade to measure the

strength of the earth's magnetic field..
of this property of the triode to

Lnother is the use

neasure the magnetic

field of magneto-striction and thus analyse internal stressee
in steel I-oeams,

channel-iron, etc.

third. is that of

using this oscillator in a transceiver fDr secret oomìnunication between two points when there Is an unobstructed path
between

triem.

In connection with this suggestion it

may be

remìred. that since the grid voltage controls the wavelength
t.)

such a marked degree,

it should be possible to

obtain pure

frequency modulation of the output by applying the modulating voltage to the grid of the oscillator.
.hurther work on this

oscillator witn a different triode

leads the author to believe that for maximum effictency the
anode should either be made from some non-magnetic material
or opertted. above the Curie point.

Investigations with a type 10 tube (with tantalum
anode)

in this circuit,

show that it is possiole to produce

wavelengths so short that there is considerable difficulty
in the measurement of wavelength and power.
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CONCLUSI ONS

work reported show that:

i1he

results attained in

1.

The oscillator described in this reLort is an

tb.e

electronic oscillator, closely related to the

arkhausen-

Kurz oscillator.
2.

has a

It

nuoh higher power output

than

any other

electronic cecillator operating at these frequencies.
3.

be

lhe general

theory of electronic oscillators may

extended to fit the case herein described, at least

qualitatively.
4.

strong magnetic field applied along the longi-

tudinal axis of a vacuum tube will reduce space-charge

saturation around the cathode.
5.

Much shorter wavelengths

than

those reported

in this

thesis can easily be obtained by decreasing the size of the
el3merits; work along this line has been started.

6.

For wavelengths below 10

form an adequate means of
7.

cm Lecher wires no longer

rsuring

wavelength.

The diffraction grating spectrometer is an

admirable instrument for measuring these oscillations as
it is easily

constructed,

highly accurate, and rapid in

manipulati on.
.

Owing to the near linearity of some of the char-

actoristic curves, the tube can probably be used
strument for measuring field strengths.

ïs

an in-
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b.

(a)

It

should. be possible to mage a

triodo which

wuld measure the anomalies in the earth's magnetic field.
.
(b) In all probabi1ity a special tube could 0e
constructed. in such a nner that it would be sensitive
enough to give a qualitative measure of the internal strain
of a steel member under stress.

**
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