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My invention relates to thermal ammeters and 
has for its primary object the provision of a 
rugged yet accurate instrument. By a novel ar 
rangement of bimetal strips, I have eliminated 
the bearings that are usually associated with in 
struments. - 

Frequency errors are greater in bimetallic than 
in certain other types of instruments and in or 
der to reduce such errors, I have provided the 
instrument with a special means for compensat 
ing for skin effect errors. 
The advantages of my instrument over prior 

bimetallic ammeters are apparent upon exam 
ination of the drawing in which Figure 1 is an 
elevation view of my instrument with portions of 
the Scale and front panel cut away. Figure 2 is 
a Sectional view of Figure 1, along the axis 2-2. 
Figure 3 ShoWS how the meter may be connected 
With a radio transmitter in order that skin effect 
errorS may be minimized. Figure 4 is a sche- . 
matic view showing the relative arrangement of 
the heating Wire and a flat bimetallic stamping. 
The instrument is inclosed in case O which has 

front panel . Glass front 2 allows vision into 
the meter wherein bimetal strip 5 is seen in 
front of calibrations 3 on scale 24. The work 
ing parts of, the instrument are bimetal strips 4 
and d5, which are preferably stamped in one piece 
as a U-shaped blank, and the enameled constan 
tan heater wire 8 which is secured to bimetal 
strip 4 by loops of thread 23. Said heater wire 
(8 is also thermally associated with one end of 
bimetal strip 5. By reference number 9, I have 
represented that portion of heater wire 8. In 
stulating washers 6 provide insulation between 
case 0 and terminals ft. In Figure 3 is shown 
a radio transmitter 22 with its antenna, 20 con 
nected in series with terminals 7. As a means 
for reducing the skin effect error of the meter 
Within its operating range, condenser 2 is placed 
in shunt With said terminals. In Order to reduce 
the size of the case 0, I have spiralled the bi 
metal strips f4 and 5. 

45 
Bimetal strip A is rigidly fixed at its upper end 

and suspends connection 25. Said connection 
suspends room temperature compensating strip 
f5, the free end of which is so disposed in relation 
to Scale 24 that movements of the Strip are read 
ily detectable on the scale. The connection 25 
is entirely suspended and causes the movements 
of the strips to be algebraically added and indi 
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cated on the Scale. In response to an increase 
of room temperature, both bimetal strips will 
tead to uncoil and the free end of strip 5 will 
not move. Hence, it may be said that the strips 

1934, Serial No. 739,886 
(Cl. 171-95) 
have opposite deformations with respect to said 
Scale in response to ambient temperature 
changes. 

In response to an increase in the flow of current 
thru heater 8, bimetal strip , immediately de 
forms giving connection 25 and bimetal strip 5 
a clockwise motion. As the indicating strip 5 
approaches a final reading, the strip 4 ceases 
to deform rapidly. In overcoming that objec 
tion, I have provided heater 9, at one end of 
bimetal Strip 5. This heater causes the strip 
A5 to deform at a slow, nearly uniform rate. 
Such deformations of bimetal strip 5 while bi 

s 

0. 

metal strip 4 is “drifting,' will tend to compen 
Sate for the drifting and hence reduce the time 
necessary to attain a final scale reading. 

It is understood that either alternating or di 
rect currents may be measured by a radio fre 
quency ammeter of the type disclosed and there 
foire use of my invention on currents other than 
radio frequency currents does not depart from 
the Scope of the claims. 
When used on radio frequency currents, it is 

desirable to compensate for the skin effect errors 
of my instrument by use of a small fixed con 
denser in Shunt with the instrument. Although 
the Specific resistance of heater 8 is constant 
for all frequencies, the apparent resistance is 
greater for high frequency alternating currents 
than for direct currents. The heating effect of 
a flow of high frequency current thru the heater 
may be the same as the heating effect of a direct 
Current if the high frequency current has less 
magnitude than the direct current. By placing 
a. Condenser of proper size in shunt. With the 
heater, current may be diverted around the 
heater in such quantity that the skin effect errors 
at One particular frequency, are compensated for. 
Furthermore, the instrument consumes less 
power from the circuit inasmuch as the reactive 
energy flow through the condenser does not gen 
erate heat. Therefore, the general principle of 
utilizing two parallel current paths having differ 
ent phase angles of impedance increases the ef 
ficiency of the ammeter. 

. In passing through the measuring device, cur 
rent may flow through two distinct paths, 
namely, condenser 2, and heating wire 8. 
These paths have different phase angles of im 
pedance. The size of the condenser 2 is pref 
erably determined by first placing a large con 
denser in parallel with the ammeter and reducing 
the size thereof until the value of capacity is 
obtained at which the instrument gives a correct 
reading. The reverse procedure, that is, starting 
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2 
with Small condensers and subsequently adding 
capacity until a correct reading is obtained may 
also be used. 
My invention inaugurates a new principle in 

the manufacture of high frequency ammeters. 
Prior inventors have used precision work in devel 
oping instruments having Small heating wires, 
hence small skin effect. Others, have developed 
Special shunts of negligible resistance So that 
changes in resistance due to frequency had little 
effect. With those devices, considerable expense 
is involved in construction, whereas with my de 
vice the ammeters may be made inexpensively 
and then connected with the proper size con 
denser. This new principle wherein instruments 
are manufactured With disregard to the skin ef 
fect and then modified with “means' for reducing 
the errors due to skin effect is believed by me to 
be new and of considerable merit. 
I have discovered an amneter especially Suited 

for radio frequency work. Those skilled in the 
art understand that the primary function of a 
radio frequency ammeter is to permit adjustment 
of the transmitter for maximum current rather 
than for a particular current. My instrument 
Seems to be one of the simplest meters for that 
purpose. The problems involved in the measure 
ment of radio frequency currents and especially 
currents varying at rates greater than three mil 
lion cycles per second are much greater than for 
low frequency alternating currents. 
In this invention, current is passed through a 

heating wire which is positioned adjacent the 
bimetallic strip to be heated. Passing current 
directly through the strips to heat then is old in 
art and is the full equivalent in the light of the 
appended claims of the indirect heating Set forth. 
The bimetallic leg f 4 is secured behind the cen 

ter of Scale f2. Accordingly, legs 4 and 5 are 
parallel when the latter has been deflected to ap 
proximately half scale reading. This location of 
leg 4 in a central position has two advantages, 
one being that the scale calibrations 3 are less 
skewed and the other residing in the fact that 
errors due to ambient temperature changes are 
minimized at half deflection or in other words the 
Scale position where the readings are most fre 
quently taken. 
Applicant has pending, an application Serial 

No. 46,955 filed October 26, 1935, entitled Thermal 
amneters Which claims some of the Subject mat 
ter disclosed in this application. 
I claim: 
1. In a measuring instrument, the combination 

with bimetallic means having two oppositely ac 
tuated Sections, one section being heated by and 
deformed by the current to be measured and the 
other section being arranged to compensate for 
ambient temperature changes, means supporting 
only one end of one section of said bimetallic 
means, whereby the relatively unsupported end 
of the other section of said bimetallic means is 
moved in accordance with the current-produced 
deflection of the current-heated Section and acts 
solely as the pointer for the instrument and a 
Scale having graduations cooperating with said 
relatively unsupported end to indicate the de 
flection of said bimetallic means. 

2. In a neasuring instrument, a base, a bi 
metallic strip and means connecting one end 
thereof to said base to constitute the sole support 
for said strip, whereby the outer end of said strip 
is free to deflect in accordance with the temper 
ature of said strip, said strip being adapted to 
deform in response to the heating effects of an 
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cooperating with said Scale; 

2,211,778 
electric current, a scale, and pointer means for 
indicating on said Scale the current-produced de 
flection of said strip, said pointer means compris 
ing a bimetallic strip having a free end movable 
adjacent said scale and an inner end connected 
to and Supported by the Outer end of Said first 
strip, said strips being so related that ambient 
temperature deflections of the two strips compen 
sate for each other. 

3. In a measuring instrument, the combination 
With a supporting structure carrying a Scale, of 
heat-sensitive and current responsive means of 
U-shape, the legs of said U-shaped means being 
bimetallic strips similarly disposed to compensate 
for ambient temperature changes, means Secur 
ing the outer end of one strip to Said Supporting 
structure to position the outer end of the other 
Strip adjacent said Scale to act thereby as the 
sole pointer for the instrument, and means for 
heating the first of said bimetallic strips by the 
current which is to be measured. 

4. An electrical instrument comprising heat 
responsive indicating means, a circuit through 
which current may be passed to heat Said indi 
cating means, and means constituting a part of 
said circuit to reduce the skin effect error when 
high frequency alternating current is passed 
therethrough. 

5. An electrical instrument comprising heat 
responsive indicating means, a circuit in heat 
transfer relation to said indicating means 
through which current may be passed to heat said 
indicating means, and a capacitive impedance 
shunted across said circuit to reduce the Skin ef 
fect error when high frequency alternating cur 
rent is passed therethrough. 

6. In a thermal ammeter, a resistance through 
Which current to be measured may be passed, in 
dicating means responsive to the heat developed 
by current flow through said resistance, and 
means for reducing skin effect errors when high 
frequency alternating curent is passed through 
Said resistance. 

7. A thermal ammeter comprising a thermo 
static element, an elongated strip, means Cooper 
ating with said element and strip to indicate the 
difference of the average thermal conditions of 
said element and strip, and a heating circuit 
through which current may be passed, said heat 
ing circuit being positioned in heat transfer rela- : 
tion to said thermostatic element and to a Sub 
stantial length of one end portion of Said strip. 

8. In an electrical instrument, the combination 
with a scale, of heat responsive indicating means 

said indicating 
means comprising a pair of bimetalic strips, Sup 
porting means for one end of one strip, means 
connecting said strips to compensate the respec 
tive deflections thereof due to ambient tempera 
ture changes, and a heating circuit through 
which current may be passed, said heating circuit 
being positioned in heat transfer relation to Said 
first strip and to a limited portion of Said Second 
strip adjacent said connecting means. 

9. A thermal ammeter comprising a heating 
circuit through which radio frequency Currents 
may be passed, said heating circuit being Sub 
stantially non-inductive, whereby the reactance 
of the circuit to radio frequency currents is small, 
a supporting structure, a bimetallic strip, means 
for securing one end of said bimetallic strip to 
said supporting structure to constitute the Sole 
support for said strip, whereby the other end 
of said strip is free to deflect in accordance with 
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2,211,778 
ing a graduated scale cooperating with the other 
end of said strip for indicating the deflection 
thereof; said heating circuit and said bimetallic 
strip being in a close heat transfer relation, 
whereby indications will be had quickly after 
current is supplied to said heating circuit. 

10. An ammeter and an admittance. Shunted 
across said ammeter; said admittance being of 
such value that the frequency error of the am 
meter is substantially reduced, and Such that 
a lower percentage of the current flows through 
the ammeter when periodically varying currents 
are measured than When currents having a lower 
frequency of variation than said periodically 
varying currents are measured. 

11. In a measuring instrument, a circuit 
through which current to be measured may be 
passed, indicating means responsive to the cur 
rent flow through said circuit, and means co 
operating with the circuit to reduce the frequency 
error when high frequency alternating current 
is passed therethrough. 

12. A bimetallic ammeter comprising, a bime 
tallic strip, indicating means responsive to the 
deflection of said strip, and a heating Wire posi 
tioned near the strip, said heating wire being 
arranged in a non-inductive manner, Whereby 
radio frequency currents may be measured With 
out appreciable inductive drop. 

13. A bimetallic ammeter comprising a bime 
tallic strip, means supporting one end of Said 
strip whereby the other end is free to deflect in 
accordance with the temperature of the Strip 
and act as the sole pointer for the ammeter, 
means whereby said strip is heated by the cur 
rents to be measured, a scale, and pointer means 
for indicating on said scale the current-produced 
deflection of said strip, said pointer means con 
prising a bimetallic strip having an inner end 
connected to the outer end of said first Strip, 
said bimetallic strips being so related that am 
bient temperature deflections thereof compen 
sate for each other near the middle of the current 
range of Said Scale. 

4. A bimetallic animeter comprising, a Sup 
porting structure carrying a Scale, a bimetallic 
strip and means securing one end thereof to Said 
supporting structure at a point on an axis, which . 
axis is substantially perpendicular to the central 
portion of the graduation curve of Said scale, 
means for heating said bimetallic strip by the 
current to be measured, and pointer means for 
giving indications on said scale, Said pointer 
means including a strip having an inner end 
connected to the outer end of said first strip. 

. 15. In a neaSuring instrument, a resistance 
through which the current to be measured may 
be passed, indicating means responsive to the 
heat developed due to the current flow thi'Ough 
said resistance, a condenser, and low frequency 
electrical conductors paralleling Said condense 
and resistance, said condenser being of Such size 
as to appreciably change the reading of the 
indicating means at high frequency, 

16. A current-responsive device comprising 2, 
pair of parallel current paths having different 
phase angles of impedance, and means responsive 
to the current flowing in one path, Said paths 
having such values of impedance that the fre 
quency error of response is reduced. 

3 
17. A measuring device comprising a pair of 

parallel current paths, a resistance included in 
one of said paths, and indicating means having 
an element, which flexes in response to tempera 
ture changes of said resistance, said indicating 
means being arranged to give indications in ac 
cordance with the shape of Said element, Said 
paths having such impedance values that errors 
due to skin effect which occur in the path of 
lower impedance are compensated for by the 
change of reactance With frequency in the high 
impedance path. 

18. A measuring device comprising a pair of 
parallel current paths one of which has higher 
impedance than the other, means included in 
the high impedance path for reducing errors 
due to skin effect which occurs in the low in 
pedance path, a heater included in one path, 
and means responsive to the temperature of Said 
heater. 

19. A thermal current-responsive device con 
prising a pair of thermally actuated elements, 
means responsive to the difference in the actua 
tions of the elements, and a circuit through which 
current may be passed to heat said elements, said 
circuit being positioned in heat transfer relation 
with said first element and with a limited por 
tion of Said Second element. 

20. A measuring device comprising a base, a 
bimetallic strip and means connecting one end 
thereof to said base, an electrical current path 
for heating said strip, a scale, and a pointer for 
indicating on said scale the current-produced 
deflection of said first strip, said pointer consist 
ing of a bimetallic strip connected at one end 
to the movable end of said first Strip, Said bi 
metallic strips being so related that their ambient 
temperature deflections compensate for each 
other. 

21. In a current responsive device, indicating 
means, and a circuit for energizing Said indicat 
ing means, said circuit having two parallel Cur 
rent paths having different phase angles of in 
pedance and so related that the effective energiza 
tion of said indicating means is the same over 
a range of frequencies, whereby the power CO 
sumed by the device at radio frequencies is leSS 
than the power consumed by the device due 
to a direct current having the same magnitude 
as the radio frequency current multiplied by the 
skin effect resistance ratio of the resistance com 
ponent of the parallel paths. 

22. In a high frequency ammeter, a Wire which 
consumes appreciable energy upon the passage 
of the currents to be measured therethrough, a 
path of higher impedance than Said wire, Said 
path being shunted acroSS Said wire and So re 
lated therewith that at radio frequencies the 
said path carries a greater percentage of the 
current than it does when direct currents are 
passed through the amneter, whereby the cur 
rent flow in said high impedance path causes 
material reduction of the current in Said wire 
thereby diminishing the energy lost in Said wire 
at high frequencies, and neans for giving indica 
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tions in response to the heating effects of the 
current flowing through said animeter. 
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