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ABSTRACT

This report gives circuits and typical performance data

for the electron micrometer tube. The advantages and disad-

vantages of various circuits are considered, and three typical

circuit diagrams are presented. Data are also given on the

manner in which electron micrometer tubes can be expected to

performwith respect to linearity, sensitivity, and stability.

PROBLEM STATUS

This report completes the work on that part of the prob-

lem relating to the electron micrometer tube. Other work on

the problem Is continuing.

AUTHORI ZATION

NRL Problem No.P05-02R (BuAer No. TED-NRL-MA-301)0



DESCRIPTION AND USE OF ELECTRON MICROMETER

TUBE, TYPE C796C

INTRODUCTION

The electron micrometer tube, useful for the accurate conversion of

very small mechanical motions into electrical currents, has been de-

veloped at the Naval Research Laboratory, much of the work being done

under the guidance of Dr. Ross Gunn. * A description of the type C796A

tube, manufactured by RCA Victor Division, has been presented in NRL

Report No. 0-2977. The type C796C tube has subsequently been manufac-

tured forNRL by RCA and differs from the former type in a few mechanical

aspects.

Since at present no further modifications are contemplated, this

report aims to summarize the characteristics of the tube, to present an

a-c-bridge method for its use, and to point out limitations which

possible future modifications should seek to overcome.

DESCRIPTION OF THE TUBE

The electron micrometer tube is a double triode having a movable

plate which is common to the two triode sections. The internal con-

struction of the tube is shown in Figure 1. The common plate is moveable

by means of a stem which projects through a flexible diaphragm, whereas

the two cathodes and grids are held rigid with respect to the shell of

the tube. This diaphragm is welded to the shell and therefore forms a

part of the metal envelope. A movement of the stem in the proper direc-

tion (perpendicular to the plane of the red and white lines) will cause

the plate to move closer to one cathode and farther away from the other

with a consequent increase in the one cathode current and a decrease in

the other. The current change in the two triodes is a measure of the

mechanical movement of the stem, and the change can be read with a

suitable voltage or current meter.

Because the shell of the tube is at plate potential, it is necessary

to surround each cathode by a shield to prevent a flow of electrons from

cathode to shell. This shield has a grid-covered opening between cathode

and plate. Electrical connection is made through two pins of the tube to

each of the two shield-grid structures, thus making it possible to apply

biasing potentials to the grids.

*Gunn, Ross-"A Convenient Electrical Micrometer and its Use in Mechanical Measurements,"

Jour; A. Mech., 7A;49-52, June, 1940.
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Figure 1-Cross Section of Tube

Figure 2 shows the dimensions
of the tube. The addition of the
sturdy mounting ring surrounding

the stem and diaphragm, as seen

in Figures 1 and 2, is the only
modification made on tubes type
C796C as compared to the type
C796A. In the C796A tube the
stem and diaphragm were protected
from air currents by a thin shield
while in the C796C tube the thin
shield has been replaced by the

sturdy ring. This ring provides
a rigid section for mounting pur-
poses and at the same time pro-
tects the stem and diaphragm from
air currents. A suitable holder

for the C796C tube is shown in
Figure 3. The tube can also be
mounted by means of three No.3-48

holes tapped in the heavy ring.
Proper orientation of the holes
for measuring a force in a given
direction can be determined from
either Figure 1 or 2.

CIRCUITS

Figures 4, 5, and 6 show circuits for the use of the micrometer tube.
Some of the advantages and disadvantages of each circuit will be pointed
out, so that the best circuit for a particular application can be deter-
mined.

Figure 4 gives a d-c Wheatstone

bridge circuit with the two triodes .070

(connected as diodes) used as two 5

arms of the bridge.* This circuit 6,NE

has the advantage of simplicity and

is satisfactory for most uses of the
tube. However, if it is necessary RED

to amplify the bridge signal for a 1,.
recorder or controller, the d-c 116

bridge becomes difficult to use and
an a-c bridge is more satisfactory.

It should be pointed out that the
sensitivity of the d-c bridge is

* For a more complete discussion of 
14

the d-c bridge circuit see NRLReport

No. 0-2957. Figure 2-Tube Dimensions



that this circuit can be

for many applications with-
any amplification.

An a-c bridge circuit is
shown in Figure 5. The a-c

voltage is applied tothe
bridge in series with a d-c
voltage and the relative volt-
age values are such that the
peak a-c voltage is always
less that the d-c voltage.
Under this condition the plate
of the micrometer tube is at a
positive potential during the

complete cycle, thus prevent-
ing rectifying action by the
tube. If the d-c biasing was
not used, the rectifying action
of the tube would cause the
bridge unbalance signal to be
greatly distorted.

Figure 3-Tube Holder

There should be used across the bridge a transformer having an impedance

comparable to the bridge arm impedances and having low capacitance to ground.
No completely satisfactory commercial transformer was found. However, the
General Radio 578B transformer was found workable in that it has low capaci-

tance to ground, although the impedance is too low for optimum sensitivity.
Small air condensers are placed in parallel with two arms of the bridge so

that the bridge can be completely balanced.. The type of transformer used in

the bridge depends on the

choice o f frequency of

B- 200V - 20 K HEL I POT t h e a - c e x c i t a t i o n ,REGU ATE D W w. .
REUL IM Awhich, in general, should
POWER SUPPLY IMEG CARBONI

be at least ten times the
40K PRECISION 40K PRECISION
RESISTOR W.W. RESISTOR W.W maximum mechanical f r e-

CARBONquency to be measured
AMMETER ] wi t h t h e t u b e .. I n

general the lowest work-

able frequency should be

Ei'6.3V used, since this simpli-

SOLA CONSTANT f es balancing the bridge
VOLTAGE TRANSFORMER CONNECTING and the length of cable

CABLE that can be used between
the tube and the bridge

will depend upon the

exciting frequency. The

3 6ELECTRON
MICROMETER

TUBE Figure 4-D-C Bridge Circuit

such
used

out



capacitance added by the cableOSCILLATOR
C Ishould be sufficiently low so

SECONDARY VOLTAGE.epISV -15 OKELIPOT W.w. that the capacitive impedance

VR is small compared to the tube75V404K

PRECISI PRECISION impedance of approximately
W 40:,000: ohms.

D00SI TUEACU Figure 6 shows another a-c

SB METER bridge in which the output of
- 3the bridge is presented to a

SOLACONSTANT high impedance grid circuit.
VOLTAGE TRANSFORMERONNECTING

CABLE A double triode tube (6SN7)

used in the manner shown makes
it possible to use an ordinary

audio transformer with good

results, that is, high sensi-

ELECTRO.. MICROMETER tivity and little added capac-
TUBE itances to the bridge.. The

extra balancing capacitances

Figure 5-A-C Bridge Circuit with needed in the bridge are there-

Transformer Output Coupling fore smaller than those used
in the circuit of Figure 5.

Since in Figure 6 the 6SNJ7

tube forms a part of the bridge circuit, good tubes should be chosen to pro-

vide stability.: The new RCA red tube 5692 should work well in this position.

OPERATION

the

be

sen

and

Three factors important in

use of the micrometer will
discussed, namely: (1)
sitivity, (2) linearity,
(3) stability.

(1) SensitLvity

The sensitivity is ex-

pressed as the current or

voltage change per milliradian

angular deflectionof the stem.

This figure is non-dimensianal

and can be used to calculate

the sensitivity for any length

stem in either English or

metric units. Table I shows

the sensitivity for a typical

tube used in the circuits of

Figures 4, 5, and 6. The

sensitivity (in this case ex-

pressed as microamperes per

0'.001 inch) for a %-inch-length

Figure 6-A-C Bridge Circuit with Cathode

Follower Output Coupling

0SC-I L L A TOR



TABLE I

Sensitivity of the Electron Micrometer Tube

Circuit shown in Figure 4

Ef : 6 . 3 v

Ebb Microamps Microamps

Volts per per 0:.001 inch
Milliradian with ' inch stem

75 10:.8 21.6
150 25.9 51.8
200: 35.9 71.8
300: 57.9 115.8

Circuit shown in Figure 5

Ef: 6 .3 v fa 400 cps

Ebb ep Millivolts Millivolts Best Zero

Volts Volts R.M.S.: per per 0.00.1 inch Balance
Milliradian with %-in stem Millivolts

75 15 38.3 76.6 3 m.v.
150: 15 40:.4 80i.8 1 m.v.
150: 25 72.0: 144.0: 3 m.v.

Circuit shown in Figure 6

Ef-6.3v f:400 cps

Ebbl Ebb 2  ep Millivolts Millivolts Best Zero

Volts Volts VoltsIa per per 0.001 Balance
Milliradian with %-inch stem Millivolts

250 75 15 458 916 15

stem (the shortest possible due to the construction of the tube) is also
included in the table. The non-linearity of the plate characteristics of
the tube gives rise to a small voltage reading at the balance point when
a-c bridge excitation is used; and this reading is given in the column
headed "Best Zero Balance".



The stiffness of the diaphragm is expressed as the torque required to

produce a deflection of one milliradian, and while this factor will vary

slightly from tube to tube, the figure for the average tube is 25 gram-

cm/mil liradian.

(2) Linearity

The deviation of the tube response from a straight line relationship is

shown in Figures 7 and 8 for d-c and a-c bridge excitation respectively.

The straight line relation from which the deviations are measured has been

determined in a manner such that the algebraic sum of the deviations is zero

and the sum of the squares of the deviations is a minimum. In Figures 7 and

8, the ordinates on the left are expressed in actual meter readings as ob-

tained in circuits similar to those shown in Figures 4 and 5 respectively.

The ordinates shown on the right give the deviations in terms of the per-

centage of a full scale deflection where a deflection from -15 to +15

+4 +0.4%

,,,+2 +0.2%

0 ,0

/ -0.2%

4 -0.4%

-6 1-0.6%

-15 -10 -5 0 +5 +10 +15

MILLIRADIANS DEFLECTION

Figure 7-Linearity Curve using D-C Excitation
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+15
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Figure 8-Linearity Curve using A-C Excitation
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milliradians is considered as full scale. For example, the response of the cir-

cuit and tube used to obtain the graph of Figure 7 was such as to give

1,000- microamperes for a deflection from -15 to ±15 milliradians; therefore

a six microampere deflection is equivalent to 0.6 percent (6/100 x 100 - 0.6%).

The percentage scale makes it possible to compare the response of the tube

when used in various circuits.

The free position of the plate (mechanical zero) in a normal tube will

not in general be the point at which the bridge is balanced electrically.

In use, the bridge can be balanced either by mechanically

positioning the plate or by unbalancing the resistance arms of the bridge.

Where the tube is used in force measurements, the deflection limits from

the mechanical zero point should not exceed 7 milliradians in order to

avoid excessive hysteresis.

(3) Stability

The tubes are sufficiently stable for most uses, although there is con-

siderable variation in the stability of different tubes. The instability

is defined as the amount of angular deflection of the stem which will pro-

duce an indication equivalent to the indication resulting from the insta-

bility . This makes it possible to compare instabilities associated with

different circuits. For example, an unbalance drift of 3 microamperes is

approximately equivalent to a false deflection of 0.3 milliradians with

Ebbe 7 5 v , whereas 10 microamperes unbalance is approximately equivalent to

an error of 0 .3 milliradians when Ebba 200., (Figure 4).

Of the tubes tested, the best tube had drifts in 24 hours equivalent to

approximately 0.02 milliradians (10-5inch with a %-inch stem) deflection,

whereas the average tube will generally have drifts equivalent to as much

as 0.1 milliradians in the same period. These figures give a general idea

of how much drift may be expected over a long period of time. Most of the

tests were made with a bridge voltage of 200 volts but in general it has
been noticed that the lower the bridge voltage the better the stability.

The a-c and d-c bridges perform about equally well with the same Ebb so far

as stability is concerned.

The short period stability of the tubes also varied quite widely from

tube to tube. Figure 9 gives a graph of the instability of the bridge

balance with all conditions fixed, namely, Ef, Ebb, and the stem position.

The noise level shown by the graphs would indicate a practical limit of

approximately 0.01 milliradians as the smallest movement detectible with

the tube.

CONCLUSIONS

The electron micrometer tube in its present stage of development has the

advantages of simplicity and accuracy which make it a very useful tool for
measuring or detecting small mechanical displacements. Any future improve-

ments should be aimed at overcoming its main difficulty--inability to re-

main stable over a long period of time. A number of tests were made in an

attempt to determine whether the long-period instability was caused mainly

by emission changes or by thermal effects altering the relative position of
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Figure 9- Typical Graph of the Stability of the Tube

the elements in the tube. Although these tests were not conclusive, they

indicated that the thermal effects were the largest factor in causing drifts.

Any future design should give further consideration to the influence of ther-

mal effects (due to heat dissipation in the plate and grids) on the relative

position of the tube elements. The tube might be more versatile if the

electrode structure were such that the plate were not at the potential of

the shell.
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