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CONDUCTION GRID CURRENT

MEGOHMMETER
,\lJ interesting application of a/l vacuum tube connected as a

grid current amplifier is that used
in the new Weston Model 799 In-
sulation Tester. Here, small values
of current through the unknown
resistance are amplified and indi-
cated in terms of megohms on a
calibrated microammeter.

The current through the un-
known resistance will vary be-

ering 5 decades of resistance from
one-tenth megohm to 10,000 meg-
ohrns on the single range. This
logarithmic scale distribution is
derived from the Ir-Io character-
istic inherent in all tubes operated
in the positive grid current re-
gion. If a high mu triode is used
the range indicates 5 log decades
of grid current magnitude. By
including the grid return current

NUMBER 2

Figure l-Weston Model 799 Insulqtion Tesfer complete with Cose, Test Leods ond Leother Corry-
ing Sirop.

tween the limits of 6 X 10-n ampere
up to 1X10-n ampere depending
upon the value of resistance under
test. This current is injected into
the tube as positive grid current
and this current plus the resultant
plate current deflecLs the indicat-
ing instrument.

ls-lt) Chqrocteristic
The grid current-plate cur-

rent characteristic is approxi-
mately logarithmic rendering a
logarithmic scale distribution cov-

with the plate return current to
operate the indicating instrument,
a cathode current limiting re-
sistor may be used without dis-
torting the scale distribution in
the low resistance region or near
the zeto mark on the instrument
scale. Characteristic plate and
grid current plotted against total
cathode current is illustrated in
the curves of Figure 2. The tube
is considered a three-lead circuit
junction wherein 1" equals .I, plus
10. As the plate current decreases

Nework 5, N. u. s. A.
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because of lowering plate voltage,
the grid current becomes aPPreci-
able and maintains the logarith-
mic characteristic well uP to the
maximum cathode current.

At very low values of grid cur-
rent close to the zero cathode cur-
rent point, ionization of the
residual tube gas adds a variable

CATHODE CURRENT- M ICROAMPERES

Figure 2-Chordcterisiic Plote ond Grid Currenl
plotted dgdinst Tofol Cothode Current

factor that would normally be ob-
jectionable. This gas current may
be swamped out at a sacrifice of
end scale sensiti.,'ity by using a
high value grid resistor. The use
of this resistor only affects the
calibration of the 10,000 and
1,000 megohm scale points. Refer
to Figure 3 for the diagram, and
the location of this resistor, -Rr.

The tube is energized by a 67r/2
volt plate battery of the minimax
type, and a 1r/z volt unicell for
filament energy. The voltage drop
through the total cathode resist-
ance E, and E, is a linear function
of the cathode current and, there-
fore, the tube plate potential is
equal to the plate battery voltage
less the cathode resistance drop.
As the plate battery voltage may
be considered constant while
measurements are being taken, it
follows that the plate potential is
an inverse linear function of cath-
ode current. In a high mu tube
such as the one used here the grid
voltage over the range of opera-
tion is low relative to other ele-
ment voltages. Thus the grid-
plate voltage follows the plate-
cathode voltage quite closely. From
this, the potential applied to the
resistance under measurement is
approximately inversely propor-
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tional to the current through the
indicating instrument. This, of
course, is quite similar to usual
ohmmeter practice, that is, the Po-
tential is zero at zeto resistance,
one-half the plate battery voltage
at center scale and full batterY
voltage at infinite resistance.

With zeto applied resistance
the plate voltage is PracticallY
zero, with the grid voltage still at
a low value and thus, current and
potential distribution throughout
the circuit is equivalent to that
obtained by connecting the tube
elements together. ConverselY at
inflnite applied resistance the po-
tential distribution is similar to
that obtained by tube removal.

Compensolion Cr,lrrent Low
Under normal conditions with

the megohmmeter binding Posts
open circuited there is a small
residual plate current due to space
conduction around the ends of the
tube grid structure. This current
is compensated out of the instru-
ment by introducing an equal re-
verse current obtained from the
filament battery through the corn-
pensating shunt resistor -R". Ac-
tually while the instrument shows
a current varying from zero to
100 microamperes, the cathode
current varies from about 1.5 to
101.5 microamperes. This com-
pensation current is so low that
its normal variation with filament
battery voltage would not cause
any objectionable variation in
readings at the infinite resistance
end of the scale.

Referring to the diagram, Fig-
ure 3, ff, is a series rheostat to
take care of battery voltage varia-
tion. It is available on the panel
covered by a cap nut marked
"Zero Adj.", note Figure 1. With

Figure 3-Represenl-

otive Diogrom of o

Conduclion Grid Cur-

rent Megohmmeter.

NOTES

the "Line" and "Ground" termi-
nals shorted, this rheostat is ad-
justed to set the Pointer to the
"Zeto" position. As filament and
plate batteries age, the individual
errors tend to comPensate uP to
the point where it is no longer
possible to set the Pointer to the
zero position. Design center is 65
volts for the plate batterY and
1.4 volts for the filament batterY.

Leokoge Shield Provided
A leakage shield binding Post

is provided for use where re-
quired. For best leakage shield-
ing, the shield circuit Potential
should equal the line terminal
potential. In this design cathode
potential closely follows grid po-
tential, and this point is used for
shield terminal connection.

The complete device with test
leads and case is shown in Figure
1. Note that a shoulder straP is
provided with panel loops so that
the instrument can be shoulder
supported allowing freedom of
both hands for operation and con-
necticn of leads. In view of the
fact that the scale must indicate
over six decades, it is highlY im-
practical to attempt to include the
intermediate divisions. To Pro-
vide means for recording readings
that do not fall on any of the
cardinal lines, a 50 line uniformlY
calibrated arc has been added.

The instrument is small and
quite practical for all Portable
uses. The dimensions of the in-
strument proper are \r/a" bY 53/u"

by 47/a". The weight is aPProxi-
mately three pounds. It is suP-
plied complete with test leads,
tube, batteries, leather carrYing
strap and case for $54.00 list.
E. N.-No. 4 -O. J. Moreloclt
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WESTON ENGINEERING NOTES

THE SINGI"E POINT POTENTIOMETER
tfHE potentiometer method ofr measuring or checking a d-c
potential usually brings to mind a
slide wire, perhaps in the drum
type, or a group of dials along
with a sensitive galvanometer, a
local source of energy and aux-
iliary apparatus. The laboratory
potentiometer in which certain
of these items are assembled is
typical of the viewpoint.

However, the potentiometer
method, as a method, has very
broad possibilities and. fre-
quently, relatively simple combi_
nations can secure the high accu_
racy of the potentiometric system
for a specific measurement prob-
lem.

The Meosuring Circuit Set-Up
Let us assume we wish to main-

tain a certain voltage to a high
degree of precision and to check
minor deviations from the pre_
scribed value. Further, us.u*"
we are not interested in the value
excepi as it is within B% of that
prescribed. A few simple but ac_
curate resistors, a center zero gal_
vanometer, a standard cell and
our measuring circuit is ready for
set-up.

VOLTAGE TO

BE CHECKED

Figure l-Simplified Diogrom of poteniiometer
Circuit

Refer to the diagram, Figure 1.
Here ,R, * -R, constitute a voltage
divider network where the dron
across R,, with the prescribed
voltage applied, is equal to the
standard cell voltage, nominally
1.0186 volt. In this method we
must draw current from the volt-
age source and can establish 10

ma, for example, as the normal
current. rB, then becomes 101.96
ohms and must be adjusted with
an accuracy several times as good
as that required over-all. .R, is

Figure 2-Weslon Model 440 Gqlvonometer

the remainder of the divider and,
since we have set 10 ma or 0.0i
amp as the normal value, R,*R._
!/.01 or R,*R"=100 E. 

'As 
R,

has been established, R,=(100 E
-101 .86 ) oh ms. On closing the
switch, the galvanometer, G. will
indicate to the right or tett of
center zero as,& is above or below
the prescribed value.

Covering o 3/O/3 percent
Voriotion

If we wish to have a direct in_
dication of deviation of -8, we
merely have to select a suitable
galvanometer and figure the value
of R, (Ea and the standard cell
resistance will be known or se_
lected). Let us assume a80/0/80
scale as used in several Weston
Galvanometers and that we wish
to cover a 3/0/3 percent varia_
tion. Then, each division renre-
sents 0.1% variation from the
prescribed value.

First select the Weston Model
440 Galvanometer, Figure 2,

which is made standard with a re-
sistance of 150 ohms and a sensi-
tivity of. 0.25 microampere per
division. Now, we want one divi-
sion deflection on 7/I0% varia-
tion, or, in terms of the standard
cell voltage, 1018.6 microvolts.
This voltage difference will cause
the 0.25 microampere to flow
through 4074.4 ohms, according
to Ohm's law. This resistance
must be equal to R.+R"+RG+Rg
or

R,+ R "+ Rc* R c-.402 I./t. ohms

as rR1 :701.86 ohms
and R6 :150 ohms
and R5,:100 ohms (appron.)
then .R, :4074.1 - (101.56 + 150

+ 100) : SZpp.S ohms.

Actually, the 100 ohms value
for a Weston Model 4 Standard
Cell, Figure 3, is only approxi-
mate and it may run 2b ohms
higher, but this will give only a
negligible error in the calculation
of -Rr. We can well make,R, equal
to 3700 ohms.

This combination will then in-
dicate directly in terms of percent
deviation of the voltage applied
from the prescribed value E, each
scale division being equal to 0.7Vo

Figure 3-Weston Model 4 Stondord Cell

variation. If the voltage is not
more than 20/o in error, not more
than 50 microamperes will be
taken from the standard cell. If
the switch is pressed when there
is no voltage at the terminals, 250
microamperes will be taken: this
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Figure 4-The Single Poinl Polentiomeler

will temporarily pull the cell volt-
age down a trifle but the cell will

ENGINEERING

recover in a few minutes to within
0.1%.

Similarly, other galvanometers
can be used, such as Weston Model
699 Galvanometer, and other de-
grees of sensitivity can be at-
tained through the use of suitable
components. It may be of interest
to note that many years ago
Weston made a lamp testing po-
tentiometer where the voltage was
checked in a manner similar to
that shown above.

The Single Point Pofenliometer
A wartime requirement for a

device to check a double 200 volt
circuit resulted in the assembly
shown in Figure 4 where a some-
what special Weston Model 301

NOTES

served as an indicator. The cir-
cuit used is essentially that dis-
cussed above with two sets of
resistors for the two voltage sec-
tions and a selector switch. The
standard cell is mounted in the
case along with the several re-
sistors. An important phase of
the use of this assembly is that
it is practically immune to vibra-
tion and does not need to be lev-
elled; both heavy vibration and
the need for levelling preclude
the use of direct reading labora-
tory standards. By using this sin-
gle point potentiometer, accurate
measurements could be made in
the field or on shipboard without
regard to local conditions.

E. N.-No.5 -A. 
G. Smith,

potentiometer circuit selected by
a double-pole, double-throw
switch, feeds through a reversing
switch and from there through
an adjustable series resistance to
the output. Ey manipulation of
the voltage control switches, the
voltmeter range switches, and the
series resistance, the operator can
select any value of voltage from
100 volts down to 200 millivolts
or any value of current from ap-
proximately 100 milliamperes
down to 0.2 microampere and less.

The Anolyzer Circuif
Assume a sensitive relay of the

zeto center or galvanometer type
that has been adjusted to close
contact with 5-0-5 microamperes
and must not close contact with
4.9-0-4.9 microamperes. The ana-
lyzer circuit may be set up as fol-
Iows:

The 5 microampere value will
be set up in the A circuit by select-
ing a voltage of, let us say, 6
volts. The Model 271 range
changing switch is set on the 10
volt range. By means of the po-
tentiometer, adjustment is made
to 5 volts. The series resistance
is set to 1 megohm minus the re-
sistance of the relay under test.
Similarly 4.9 microamperes is set
up in the B circuit. Now, by set-
ting the A and B circuit reversirig

JN recent years, and particularlY
I during the war, there have
been many small requirements
for special sensitive relays of the
instrument type. These require-
ments appear to vary enormously
as to operating current, voltage,
contact duty, and refinements of
balancing. None of these special
requirements appear to run in
any quantity or at least sufficient
to justify elaborate individual test
facilities so that it appeared nec-
essary to process these special
jobs in the Engineering Depart-
ment.

All-Purpose Test Pqnel Built
The burden of setting up for

all of these different tests finally
became so great that it was
deemed necessary to build an all-
purpose test panel. A description
of the device with an indication
of some of the several functions
may be of some interest.

Figure 1 shows a general view
of the device. The panel is 19"
wide x 26" high, finished in black
crackle; the wiring and working
parts are easily accessible through
doors in the back and top of the
cabinet. On the front of the panel
the main instruments are located
at eye level for easy reading and
a row of twelve switches along
the bottom of the panel, control-

SPECIAT TEST SET FOR RELAYS

ling all functions of the test set,
are within easy and comfortable
reach of the user.

The device makes use of two
adjustable circuits, shown in Fig-
ure 2. Up to the selector switch
these two circuits are identical,
each consisting of a Weston Model
27I Yoltmeter with knife edge
pointer and mirror scale fed from
a potentiometer type rheostat of
1250 ohms resistance. A voltage
control switch and a range chang-
ing switch for the Model 27I arc
provided. The output from either

Figure l-Speciol Anclyzer for Testing Sensilive
Reloys
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switches on "direct" we can set
the main reversing switch on "re-
verse" and check the left contact
of the relay under test first, by
setting the circuit selector switch
to pick up the 4.9 microamperes
from B and seeing that the con-
tacts do not close and, second, by
selecting A and seeing that the
contacts do close. We can now
throw the main reversing switch
to "direct" and check the right
contact in the same manner. It
is obvious that by the manipula-
tion of the above switches many
combinations can be obtained.

Motor Driven Rheostols
The rheostats used inthe A and

B circuits can be operated manu-
ally or can be made to rotate auto-
matically. Alongside the rheostat
control is a knob marked "Auto-
matic". When this is turned
counterclockwise a small gear
train connected to a 1 rpm motor
engages with a large gear fas-
tened to the rheostat shaft, and
turns it in a counterclockwise di-
rection. Similarly when the
"Automatic" knob is turned clock-
wise, the rheostat automatically
starts turning clockwise. Limit
switches prevent overtravel of the
rheostat and a neon pilot light
shows whether the motors are
running or not.

These motor driven rheostats
are used in checking relays since
they allow for a smooth change
in the applied current, and
thru an interlocked relay mech-
anism which stops the rheostat
drive when the test relay makes
contact, the contacting value is
directly indicated on the large
Model 271 instruments.

One of the rotary switches lo-
cated between the rheostat knobs
is the contact connection switch.
By means of this switch the con-
tacts of the relay under test are
connected to various circuits
within the analyzer. For instance,
when on the ohmmeter position
the resistance of the contacts un-
der test appears on the four-range
ohmmeter located between the two
Model 27L's.

The Timing Circuit
Figure 3 shows the wiring dia-

gram of the timing circuit that is

ENGINEERING

used to check the time required
for the relay contacts to close
after the proper current has been
applied. It consists of. a l/L00
second stop clock, two Weston
Model 712 Power Relays, and a
timing starting switch. The A or
B circuit selector switch also en-
ters into the timing circuit.

The operation is such that the
timing check is made from a value
set up in one potentiometer cir-
cuit to a value set up in the other
potentiometer circuit. The relay
actuating current is set up in cir-
cuit A, the B circuit is set at zero
current. The circuit selection
switch is set on B which means

NOTES

under test as it is connected to
the B circuit. When the starting
switch is thrown on, the Power
relay switches the outPut to the
A circuit, the actuating current
flows into the moving coil of the
relay under test, and at this in-
stant the clock starts. When the
contacts of the relaY close theY
cause the power relaY (b) to oPer-
ate, opening the clock circuit and
giving the exact time required
for the relay contacts to close.
In the case of a suppressed zeto
type of relay, the contacting
value can be set in one circuit and
some other suitable value in the
other circuit and the timing be-

Figure 2 
-!6hsnrqf 

i6

Diogrom of lhe two
odiustoble Polentiometer

Circuils qs used in lhe

Weston Reloy Anolyzer

that the timing shall be from the
B circuit to the A circuit, switched
over by power relay (a). Sim-
ilarly timing can be made from
the A circuit to the B circuit by
setting up the proper values and
placing the selector switch on A.

When the starting switch (s)
is thrown over, it energizes power
rclay (a) which changes over the
output from the B circuit to the
A circuit if the selector switch is
on B. If the selector switch is on
A it changes over the output from
the A circuit to the B circuit.
Upon closing, this same power re-
lay also starts the 1/100 second
timing clock at the same instant
that the circuits are changed over.
In the case assumed above, before
the starting switch is thrown
there is no current on the relay

OUTPUT
(TO RELAY
UNDER TEST)

tween these two values taken as
described above.

Binding Posts Provided
Binding posts are provided for

the controlled voltage to be taken
directly from either potentiometer
circuit without going through
any resistance or switches. Con-
nections are also provided in each
potentiometer circuit for the ex-
ternal connection of batteries or
other source of voltage. Extra
positions are provided on all
switches to facilitate the adding
of additional circuits that may
later be required.

Support for Reloys Hos 32
Positions

Mounted at the center of the
panel at a convenient height is a

A
CIRCUIT

B
CIRCUIT
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device for mechanically holding
or supporting most types of
Weston Relays. This device, with
the relay attached, can be moved
into any one of 32 different posi-
tions to allow for checking the
relay in any odd position that may
be required.

Pilot lights are provided on all
main circuits and the color coding
of all knobs provide easy switch-
ing of all circuits.

While this test set is perhaps
more elaborate than normally
needed, it has given very satis-
tory service because of its versa-
tility in the various tests which
can be easily and quickly per-
formed.

E. N.-No.6 -8. R. Kebbon

\l[i ESTON Mode] 703 Ty"pe BA
| | 224 sounds unassuming but

it is a pioneer among airway
safety developments. Many of us
have already forgotten the diffi-

ENGINEERING NOTES

TO OUTPUT THROUGH
MAIN REVERSING SWITCH

A+ A-

CIRCUIT SELECTOR S]WITCH
Figure 3-Wiring Dic-

grom of the Timing Cir-

cuil used when checking

Reloy Conlccl Closing

Time

6V D-C
CLUTCH

THROUGH CONTACT
CONNECTION SWITCH
TO CONTACTS OF
RELAY UNDER TEST

iilumination at which beacon an<l
hazard. marker lights should turn
on and off to afford the greatest
safety and assistance to the pilot
and his craft.

Finally after a series of devel-
opments and later experiments
conducted during 1932-1933 at an
emergency landing fleld at Bowie,
Md., and at Newark Airport, the
Government airway engineers us-
ing the then newly developed Wes-
ton Photoelectric Cell and Photo-
electric Lightmeter arrived at the
required safe illumination values
which were ultimately written
into Bureau of Aeronautics Speci-
fication #BA 224. The Weston
Model 709 Type BA 224, Beacon
Light Control was then produced
to meet the requirements of this
speciflcation and after passing the
government tests was approved
for use along all airways.

The Weston device was the first
one to pass the required tests and
to this day still stands unchal-
lenged as an important and relia-
ble aid to air navigation.

Hereafter, as you fly along a
regular airlane or as you ride
thru cities and countryside, and

B- B+
B

INPUT
FROM

REVERSING
swrTcH

A- A+
A

INPUT
FROM

REVERSING
sw I TcH

STARTI NG
SW I TCH

(s)

WESTON AIRWAY HAZARD MARKER ITTUMINATION

CONTROL RETAY

Long before the days, or more
important the nights, when the
pilot was equipped with the auto-
matic pilot, blind landing equip-
ment, directional beams, radio

Airwoy Beocon controlled by the Weston Model 709 Reloy ond Photoelectric Cell

culties encountered a mere fifteen marker beacons, and other gen-
years ago by the night flying pilot erally accepted safety means,
when few lights were available to Weston engineers were working
mark his path across a foreboding with the Bureau of Aeronautics
sky and between ominous moun- in arriving at safe requirements
tain peaks. as regards the values of ground
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see a rotating or flashing bea-
con, or tall radio transmitting
towers with red flashing lights at
the top of the masts, or high illu-
minating gas storage tanks or tall
smoke stacks lighted by spot
lights or with red globes, you will
know that Weston has supplied
thousands of Model 709 Relays
to provide this safety for you and
others. Remember also that there
are only three ways to turn on a

ENGINEERING

light-one is by hand which is
not fool proof as a person can for-
get, be absent, etc., or in the case
of remote installations on moun-
tain peaks, in deserts, in the mid-
dle of large bodies of water, et
cetera, there may be no human
being for 100 miles; the second
is by a time clock which must be
wound electrically or by spring
action and which may lose time
during blizzards, etc., to the ex-

NOTES

tent that it will turn the lights
on during the day which isn't
too bad, but what is worse and
may prove disastrous it may turn
them off at night; third and best
is by a photocell which depends
on nothing but natural daylight
and will turn on the light at the
exact value when required day
or night, winter or summer, yeat
in and year out.
E. N.-No. 7 

-Anthony 
H. Lamb

THERMOCOUPTE AMMETERS FOR VERY HIGH FREQUENCY

\tr /ITH the broader use in com-
VY munications of the very high

frequency band from 30 mega-
cycles to 300 megacycles, a great
many questions have been asked
as to the performance of thermo-
couple instruments. Particular at-
tention has been directed to the
frequency in the vicinitY of 100
megacycles in the center of this
band because of the allocation of
frequency modulation stations as
well as television transmitters to
this general region.

Skin Effect Fqctors Account for
Totol Error

Some nine years ago a research
project was prosecuted in the
Weston Laboratories in this re-
gard and a rather complete studY
was made of the errors in thermo-
ammeters at 80 megacycles and
the results are still valid. Refer-
ence is made to the article by the
writer entitled "ThermocouPle
Ammeters for Ultra High Fre-
quencies", on Page 1567 of the
December 1936 issue of the Pro-
ceedings of the Institute of Radio
Engineers, Volume 24, No. 72.
Tests were made of the errors in
the instruments using a single
straight filament lamp as a com-
parator between the high fre-
quency and d-c, the light
indications being compared by a
photoelectric cell and a microam-
meter, the cell being several
inches away from the lamp. Tests
were run on a number of 5 ampere
instruments and the results
reported showed the instruments
read quite high because skin ef-
fect in the heating wire was such
as to give considerably more heat
than that represented by the low

frequency ohmic resistance of the
heater. A detailed study of the
situation showed that the applica-
tion of skin effect factors ac-
counted for the total error and
that there were no other factors
producing errors of any magni-
tude.

Figure 1 shows a chart re-
printed from the above men-
tioned article which applies to
instruments as they were made at
that time and still applies to
thermo-ammeters using solid
heaters of circular cross-section.

Figure I-Chort giving

Correclion Foclors for

Standard Line of

ing Solid Heaters

The data in the chart will not, of
course, apply exactly to different
designs of instruments but since
the designs are rather severely
limited by joint Army-Navy spe-
cifications as to total allowable
loss on the one hand, and enough
heat must be generated to get
sufficient thermoelectric voltage
in the thermocouple to give ade-
quate torque in the instrument
mechanism to secure acceptable
performance under vibration
tests, it is found as a practical

matter that the resulting errors
are fairly represented by the val-
ues in the chart for most all com-
mercial designs.

Tubulor Thermocouples
As a result of this work the

Weston Corporation shortly
thereafter began to produce
thermo - ammeters with tubular
heaters associated with the ther-
mocouples, the walls of the tubing
being just as thin as could be rea-
sonably fabricated. The net re-
sult is that the performance of

I R EouENcv- M E6AcYc!Es
40 50 60 70 60 90 t00 tto t20 i30 r40 t50

these tubular thermocouple in-
struments follows the top line in
the chart as for the milliammeters
and essentially giving an error of
2/o at 65 megacycles, 3/o at 80
megacycles, 4/o at 95 megacycles
and 5/o at 110 megacycles.

Weston thermo-ammeters ate
made today following this proce-
dure and, to cover the band to 300
megacycles Figure 2 has been
drawn showing the correction
factors to be applied to Weston
thermo-ammeters over this range

us-
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and of the type being currently
manufactured.

Coordinqte Systern Simp!ifies
Plotting

The form of the chart may be
of some interest. W. l{. Good-
win, Jr., the inventor of the com-
o""'""'.""u 

":':"T: ::il.lllLi ...

studies of effects at very high fre-
quencies, worked out a special set
of coordinates where the relation
between resistance and frequency
became a straight line. Such a
coordinate system simplifies plot-
ting since a single point deter-
mines each characteristic because
the resistance ratio is unity at
zero frequency. If the coordinate
system is accurate, the straight
iine ajiows ior gooti accuracy in
the interpretation of results and
appears to give a better picture
of the resulting effect. The equa-
tions from which the data were
taken are due originally to Max-
well, although the simplified form
by Dr. F. W. Grover of Union
College was actually used.
Grover's data is given in the
Smithsonian Physical Tables.

While the errors in standard
Weston thermo-ammeters are
given in the chart, it is a rather
straightforward procedure to cal-
ibrate into the instrument these
errors whereby the instrument
will read directly in true RF cur-
rent in the instrument at a spe-
cified frequency. This is rather
simply done by adjustinil an in-
strument specified for use at 100
megacycles, for example, to read
4.5/o low on 60 cycles; when used
on 100 megacycles the difference
in resistance of the tubular heater
will be compensated by the spe-
cial calibration and the instru-
ment will read correctly.

Of course, in all of this discus-
sion it must be understood that
the instrument can only read the

ENGINEERING

current appearing in its heater.
If there are standing waves in
the system the instrument will
read the current intensity at the
center point between its stud ter-
minals and so indicate along with
the correction factors involved.
Care is usually required in the
nlacement of the instrument so

Figure 2-Chcrt Show-

ing the Correclion Foc-

tors to be opplied to

Wesfon Thermo-Am-

melers over o ronge of

3OO megocycles

that its indications are repre-
sentative of the requirements.

Moniforing RF Inslruments
Many of the transmitters being

designed today use monitoring RF
instruments which are actually of
1 ampere range and having the
instrument itself coupled to the
main current system through a
short loop amorrnting effectively
to an RF current transformer.
Calibration is usually accom-
plished after the set is assembled
and in terms of a high range in-
strument placed in the circuit
where the final current is to be
measured. The instrument scale
is marked in terms of the total
current and the final adjustment
is merely that of changing the
coupling slightly by moving the
associated loops or the loop and
the main conductor. The same
sort of thing can be worked out
with a coaxial line by placing a
small loop inside of the outer con-
ductor and bringing out a bit of
the RF energy to the L ampere
thermocouple. A 1 ampere ther-
mocouple is recommended for this
application because it represents
about the lowest current for
which a rugged heater can be
made with normal overload capac-
ity and suitable high frequency
characteristics. The current is
generally in the region which can
be adequately handled by a small
loop and represents the accumu-
lated experience of a Iarge num-
ber of such applications.
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ERRORS AND MEMORIES

A few days following the
mailing of WnsroN ENcrNnnn-
ING NorES, Volume 1, Num-'
ber 1, a letter from a reader
was received by John H. Mil-
ler who authored THn Gnu
VANOMETER, AND THE BRIDGE,
calling attention to a typo-
graphical error in his article.

The numeratorin equation
(3) on page 2 appeared "I
(bc * ad)." It should haae
read "I (bc-ad)."

This friendly and much ap-
preciated letter brought back
a memory . . . it took us back
to a Weston advertisement
that appeared in the October
26, 1929 issue of Electrical
World, entitled "An Apology
to Franklin." We then hast-
ened to apologize for a grave
error in date having to do with
Ben Franklin's kite flying ex-
periment.

In this "apology" reference
was made to a letter calling
our attention to a mistake with
the just criticism that
"even a typographical error in
a Weston advertisement was
inexcusable-and as inexplic-
able as an inaccuracy in a
Weston Instrument !"

Whi.le on thi.s subiect of
errors your attenti,on is called
to Figures 2 and 3 which ap-
peared o% pages /t. and 5 in the
arti,cle entitled Coppnn Oxron
Rncrrrmns AS UsED rN MEA-
SURING INSTNUMPNTS. ?hE
small d,isc was shotonas 0.008".
It should haue apTteared as
0.080n.

It is significant of our scru-
pulous regard for truthful
statements that we should be
unwilling to permit these er-
rors to stand uncorrected. We
desire to be as meticulously
careful in the inspection of the
typography and illustrations
appearing in Wpston Eucr-
NEERING NOTNS AS 'WC ATC
known to be technically thor-
ough in every detail of design
and manufacture.

-The 
Editor

Printed in U.S.A.

E. N.-No. 8
-John 

H. Miller


