March 7, 1933. E. F. NORTHRUP 1,900,842

HEATER FOR KODS AND TUBES

Filed Dec. 21, 1922 2 Sheets-Sheet 1

%j £4 ’WZ

>/

= =Brreray FaTa¥s| Al K Fa b
C LYAYATAAAY vovU uq’.muu vwvw\,e""'z
.
. S 4
1

O | iapailgon B 3Ty ¥4 i i w TEGRD RPN =3
VYUV VUV MYV VY
T
o
==

—— = e § Sy iy w24 ¥ 7o 70 el ot ) i o 5 By A
45 TV L4 oy \raviraviejeg TUOUVV




E. F. NORTHRUP 1,900,842

HEATER FOR KRODS AND TUBES

March 7, 1933.

2

2 Sheets-Sheel

Filed Dec. 21, 192%

Ka¥ai
L%

(

v

VUUVVUVY

=LY

v

[

H h

HH

A8




10

15

20

30

40

45

50

Patented Mar. 7, 1933

UNITED STATES

1,900,842

PATENT OFFICE

EDWIN F. NORTHRUP, OF NEAR PRINCETON, NEW JERSEY, ASSIGNOR TO AJAX ELEC-
TROTHERMIC CORPORATION, OF TRENTON, NEW JERSEY, A CORPORATION OF NEW

JERSEY

HEATER FOR RODS AND TUBES

Application filed December 21, 1925. Serial No. 76,878.

My invention relates to the inductive heat-
ing of solid and tubular articles both fixed
and movable and to apparatus by which
these methods may be practiced.

One of the purposes of my invention is to
surround solid or tubular articles with a
conductor through which high frequency
current is to be passed and to heat them by
the current induced preferably while they
are passing through the coils but permissi-
bly during stops in step-by-step feeding.

A further purpose is to apply induction to
a moving rog or tube by a coil or coils sur-
rounding the rod or tube and through which
current is passed having a frequency above
normal frequencies and a corrected power
factor. _

A further purpose is to provide parallel
coils or turns all fed from the same source
of high frequency current and all operatin
successively upon the same tube or rod fe
through them for the ¥urpose of adding suc-
cessively increments of heat to the rod, strip
or tube passing through them.

A further purpose is to heat a magnetic
rod, strip or tube by successive increments
from induction at different frequencies.

A further purpose is to use a relatively low
frequency for inductive heating of rods,
strips or tubes of magnetic material up to
nearly the point at which they lose this prop-
erty, to heat them beyond this point by a
higher frequency using the same inductor or
part of the same inductor for both, either at
the same time or separate times.

A further purpose is to supply part of the
inductor for a heating system from a line
from which a synchronous motor is driven,
to provide excess KVA in the synchronous
motor in order to correct the power factor of
this portion of the inductor and to supply
the remainder of the inductor from & genera-
tor driven by the synchronous motor and
having the power factor corrected by con-
densers.

A further purpose.is to correct the power-
factor of alternating current coils carrying
hifh frequency current and forming a plu-
rality of heating zones, performing part of

the heating function cumulatively in each of
successive zones.

A further purpose is to provide a plurality
of inductors in series within the same sec-
ondary winding, preferably with the axes of
their zones of inductance parallel.

Further purposes will appear in the speci-
fication ang in the claims.

I have preferred to illustrgte a few forms
only among many in which my invention
may appear, selecting forms which best il-
lustrate the principles of my invention.

Figure 1 1s a longitudinal section of one
form of inductor applied to a travelling bar
or rod.

Figure 2 is a section of Figure 1 taken upon
line 2—2.

Figures 8, 4, 5,6, 7, 8 and 9 are diagram-
matic forms showing different circuit connec-
tions.

Figure 10 is a longitudinal section showing
a core anchorage.

Figures 11 and 12 are perspective views
largely diagrammatic showing muffles.

igure 13 is a side sectional perspective
showing another form.

Figure 14 is an elevation corresponding to
section 14—14 of Figure 13 but showing a
plurality of conductors to the single turn.

In the drawing similar numerals indicate
like parts.

Though I prefer to operate at a higher fre-
quency than that of existing current sup-
plies and gain considérable advantage from
this, features of my invention are of ad-
vantage whatever the frequency and are
claimed accordingly.

In Figures 1 to 9 T have shown different
ways in which current at more than normal
frequency can be supplied to an inductor
comprising a single coil or spaced coils op-
erating upon the same moving bar, rod, strip
or tube of regular or irregular shape, or to a
conducting content, to raise it to the recllleired
temperature as for rivet heating, tube or
strip annealing or for other operations. By
these different illustrations I have intended
to indicate that the application of abnormal
frequency to this duty involves invention in
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addition to whatever merit may lie in the
manner of applying it.

In Figures 1 and 2 I have shown a method
of integrating the heating effects of suc-
cessive coils through which high frequency
current is passed in the heating of a bar or
rod which 1s advanced to progress either con-
tinuously or intermittently as preferred, as
by a set of rollers 20 and 21 suitably mounted
and one of them driven by any suitable gear-
ing, here typified by gears 22 and 23 of
which 23 is on the same shaft as the feed
rollers 21. The coils 24, 25, 26, 27 and 28 are
here shown as helical coils nearly fitting the
bar, wire, rod or strip 29 of which a section
30 has just been cut for use. I have not con-
sidered it necessary to illustrate the pro-
tecting covers for preventing undue cooling
of the bar etc., between the coils, as these
could exist in great variety. The coils could
be water-cooled if desired as in the case of
the annular coils shown in my patents.

The coils are shown as separate and as
separately supplied with high frequency
current through transformers 31 whose
primaries receive current at existing fre-

uencies. The secondaries are connected to
the coils through condensers 32 which when
charged discharge across gaps 33. They can
be one long coil or a series of coils depend-
ing upon the rate of speed of the charge.

uch a mechanism as described is suitable,
for example, for heating a bar, rod, strip or
wire from which nails or spikes are to be
made and the one portion 30 of the bar or
rod is separated as would be the case in the
making of spikes. Both hysteresis and eddy
currents may be_present and the bar, rod,
strip or wire would be delivered continu-
ously or intermittently to the cutting mecha-
nism of the nail or spike machine at any tem-

erature designed, as required for the head-
ing mechanism.

t will be evident that the methods and
mechanism herewith are capable of use gen-
erally or to heat treat electrically conducting
objects in motion or which are moved step
by step between treatments, whether they be
magnetizable or not; and that the treatment
may be applied to the special form of objects
to be treated by accommodation of the coils
in shape to these forms. The materials
primarily to be treated when not electrically
conducting may be treated by mounting them
on or incasing them within electrically con-
ducting objects in which the heat 1s de-
veloped. Muflle heating is claimed by me in
a separate application.

Whereas in Figures 1 and 2 the supply of
current to the primary of the transformer
may have any frequency such as normal 6@
cycle line frequency, in the structure shown
in most of the other diagrammatic figures
direct connection with a generator is con-
templated for some at least of th~ inductor
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coils, and the frequency chosen will depend
largely upon the temperature to which the
charge is to be heated, the desirability of
using direct line current or current from a
special generator, and the cost of power fac-
tor correction,

Where the temperature intended to be
reached is below the point at which iron or
steel loses its magnetic properties a much
lower frequency will suffice than is required
where the final temperature intended is above
this point, with the result that a choice is
offered for these higher temperatures be-
tween raising the frequency of the entire
equipment to a frequency which will be effec-
tive above the recallence point or raising the
temperature in a part of the range required
by an inductor operating at one frequency
and utilizing another higher frequency
through the same or a separate inductor coil
or coils to attain the higher temperatures.

It is very desirable that the frequency shall
be high enough so that the energy induced
shall not pass appreciably beyond the center
of a solid bar or rod operated upon nor tend
to pass appreciably beyond the inner wall of
a tube which is being heated, and, as later
pointed out, the size of stock operated upon
therefore materially affects the choice of fre-
quency. However, alternators of the stand-
ard rotary maulti-polar type are now avail-
able giving frequencies of well over 500 cycles
which brings direct supp'y from the alterna-
tors within the range of frequency most de-
sirable for present purposes, and frequency
changers free from movable parts have made
it possible to double or quadruple the fre-
quencies without excessive cost and at a low
loss in efficiency.

It is my intention to include within my
generator supply such generators and such
use of frequency changers as may best suit the
needs of the individual installation.

In Figure 3 I show a generator 34 having
its power factor corrected directly, supplying
an inductor 35 whose positive inductance is
balanced by capacity 32’, capable, as in the
other illustrations, of any required adjust-
ments. The tube is fed through the inductor
continuously or intermittently as best suits
the purpose for which the tube is heated and
the needs of a particular installation.

The coil in Figure 3 is intended to repre-
sent any single turn coil, or mnultiple turn coil
or combination thereof fed from a single Gir-
cuit and interrupted if desired for support-
ing mechanical or other structure as indicated
diagrammatically in Figure 4.

Instead of the direct generator shown in
Figure 3 and in other figures herein continu-
ous oscillations can be produced by making
use of vacuum electron tubes, complying with
the conditions for obtaining oscillations, in
that inductive reactance {condensers) and
positive reactance (inductance coils) are
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combined in the same circuit. Ihave not con-
sidered it necessary to illustrate this mode of
securing current.

In Figure 5 I have shown direct alternator
feed with power factor correction for all of
the inductor coil sections 36, 37, 38 shown, in
conjunction with transformer and discharge
gap connections corresponding generally
with those of Figure 1 for applying high
frequency to the last section, 38 of the coil.
In this case the high frequency is superim-
posed upon the lower frequency in the same
coil. They may be operated separately. The
primary 39 feeds a high frequency circuit cor-
responding with any of the high frequency
circuits shown in Figure 1.

In this form stock, whether solid or tu-
bular, regular or irregular can be raised to a
temperature of say 675° C. in the other coils
and is lifted in the last coil to say 800° C.
or 1100° C. as may be required for the work
intended.

In Figure 6 the lower frequency is used as
in Figure 4 for operation upon iron or steel
which has lost its magnetic properties, and a
wholly separate high frequency coil 40 is
provided, fed by transformer 41 having its
prmary 42 across the lower frequency lines
and corresponding from this point with one
of the high frequency circuits shown in Fig-
ure 1.

In Figure 7 separate lower and higher fre-
quency generators 43 and 43" are provided,
the lower frequency and the higher frequency
each supplying one or a plurality of inductor
coil sections 24, 25, 26 and 40 as shown in Fig-
ures 3 and 4. The higher frequency has been
shown as ultilizing a shorter inductor sec-
tion as would very possibly be the case.

The form shown in Figure ¢ would be
used where the voltage of the supply line is
not high enough to operate the discharge
ap.

Where the voltage of the generator 43 is
high enough to operate the discharge gap 33,
the arrangement shown in Figure 8 is per-
missible. Here part of the inductor 24, 25 is
supplied directly from the generator, with
power factor correction, corresponding gen-
erally with Figure 3 or Figure 4 and a fur-
ther part 40 of the inductor is fed through
condensers 32. Suitable inductance 44 and
discharge gap 33 complete the circuit.

In the form shown in Figure 9 a three-
phase current supply at say 60 cycles and
any desirable voltage, operates a synchro-
nous motor 45 driving a generator 46 having
any frequency and voltage desired, prefer-
ably a much higher frequency and voltage.

From the low frequency circnit inductor
coils or sections 36, 87 and 38 are fed. The
high frequency generator 46 is also shown
as three-phase and is connected to inductor
coils or sections 40’, 402 and 40°. Condensers
are shown to correct the power factor of these

3

coils or sections. All six inductor sections
or coils are shown as operating upon the
same charge in the form of a bar, rod, strip or
tube to be heated by them.

_Assuming a power factor initially of the

cireuit feeding the synchronous motor of
50%, if this motor be given an excess KVA
the power factor of the current supply cir-
cuit here will be corrected to 100%.
_ Since a synchronous motor will be needed
In any event for driving the high frequency
generator the additional cost »f doubling the
generator KVA is not nearly as great as
for the initial KVA required. This power
factor correction by excess synchronous mo-
tor KVA is in the nature of a by-product
advantage. The power factor of the high
frequency circuit can also be corrected to
100% by the condensers, giving a two-step
means of lifting the temperature, both steps
of which operate at 1009% power factor.

In order to avoid the objection of the in-
duction passing through or tending to pass
through the walls of thin tubing, fo obtain
the advantage of increase of inductance in
the coil when heating tubing of either mag-
netic or non-magnetic metal and to heat
non-magnetic metal with lower frequencies
than wonld otherwise be effective, I provide
(Figure 10) an iron core 47 preferably of
nichrome or of a stecl which has a high
recallescenee point. It is located within the
tubing where it is surrounded by the in-
ductor 48, which may be, for example, of hol-
low edge wonnd copper, water cooled. The
iron core may be held within the pipe by
a wire extending to the end of the pipe.
Whether operating upon ivon or steel pipe or
pipe of non-magnetic material the core can
be anchored electromagnetically. It can be
Hoated within the tubing at this point by at-
taching it through wire 49 to an armature
50 held in position against longitudinal
movement by a fixed solenoidal winding 51
supplied with direct current. When in op-
eration the inductor coil would tend to hold
the core against longitudinal movement.
The core can be heated to a temperature of
about 675° C. by 60 cycle current and to
higher temperatures by higher frequency.
Tt correspondingly heats the tube. This is
the more eflicient because it heats from the
inside and there is no way of escape of the
heat except into the pipe.

Where the size of the stock is too small
for convenient inductive heating, requiring
relatively an excessive frequency, or because
of the desirability of heating a number of
wires or small rods at the same time or for
any other reason, I provide a steel or ni-
chrome mufile 52 (Figures 11, 12) which may
be used in many different forms. I have
shown but two. In one (Figure 11) the
muffle is provided with a plurality of holes
53 through which the rods or wires 54 to be
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hcated are passed. The muffle can readily
be raised to approximately the temperature
of recallescence by relatively low frequency
current and can be raised to a much higher
temperature by high frequency current by
means and methods already explained. The
wires can'be passed through the muffle con-
tinuously or step-by-step, or can be heated
and withdrawn therefrom,

In Figure 12 I show the coil as surround-
ing a steel muffle 52” which has been longi-
tudinally split st 55 so that it can be grooved
to provide a passage 56 through the muffle.
The passage in cross section is much longer
than it is wide suiting it to the reception of
band saw-blade material or other like strips
to be heated as« for annealing or tempering
urposes,  Obviously as many passages may
{)e used as desired with the preference, how-
ever, that they shall not cut through to the
surface, since it is desirable to have the mag-
netic indugction in the steel pass circumferen-
tially about the outlines of the passage. The
strip can be heated entirely by heat conduc-
tion and radiation from the muffle or it can
be placed where part of the induction passes
through it. The muffle form is illustrated
because it comes within the broader claims of
my invention, notwithstanding that subject-
matter specific to it is taken care of in a
separate application. The same is also true
of condenser and discharge gap source of
supply.

Heat insulation is provided between the
muffle and the coil.

In all of the forms where a plurality of
turns per coil is used, I prefer to use a single
laver coil of edgewound flattened copper
tubing and find water cooling of the tubing
very desirable,

In Figure 13 I have shown a plurality of
incluetor looys 57 in parallel each capable of
being water cooled through pipe connections
58 and conduits 89 and each having a con-
siderable extension a’ong the length of the
charge. These loops are shown as having
separate secondaries 60 cooperating with the
same primary 61 of a transformer fed froem
any Iine 62, 63 across which the capacity 64
is thrown in condenser form. In order to
provide for higher frequency which will
ordinarily be cesirable T show the line as
ferd from motor generator 63.

In Figure 14 inductor loops from a given
secondary €0 are shown in parallel and as
edgewound flattened copper tubes 66 which
require no insulation between them as thev
comprise part of the same turn or loop, dif-
fering in this from the edgewound coi's srch
as are shown in Figure 10. Not onlv electric
currene but the water flows in parallel
throngh these turns. The edgewise winding
qof the flattened copper tubing gives a very
much larger surface of contact of copper

1,900,844

with the cooling water than in the form
shown in Figure 13.

In operation upon stock of the character
treated herein, whether it be solid or hollow,
of uniform or of irregular cross-section, and
whether a core or muffle be used or not, the
coupling increases with increased diameter
of the stock as the gap required is approxi-
mately constant.

The frequency desirable reduces with in-
crease of the diameter or with increased
thickness of the stock since it is desirable not
to have effective induction extend beyond
the center of the stock. This would apply
also to the center of the core or muffle where
these are used. The formula for determining
this frequency is ‘

25X 1078
N= ul?,
where N is the frequency, p the resistivity of
the material, » the permeability and 12, is
the “depth of penetration”, approximating
one-third of ‘the distance to which the induec-
tion extends.

The higher frequencies have the advantage
of requiring less capacity to correct the
power factor, but have the disadvantage of
requiring special generators or other equip-
ment to supply the current. With maenetic
materials low frequencies can be used even
on relatively small diameters of stock; but
when the stock is non-magnetic, unless it be
large in diameter, high frequencies must be
used if too deep penetration of induction into
the stock is to be avoided.

My invention is independent of the number
of turns per coil and of the detail of the coil
and can be applied with loops as distin-
guished from turns, with loops.in series or
in parallel, with coils, single, in series or
in parallel and with great variety of cur-
rent supply. I prefer to water cool the
coils and where the inductor coil comprises
more than one turn, T prefer to use con-
ductors having one dimension considerably
greater than the other in cross-section and
with the greater dimension radial to the axis
of the coil, whether the coil be water cooled or
not.

My invention is applicable to magnetic or
non-magnetic materials whether solid or oth-
erwise and to heating of hollow or solid
materials directly by the C*R heat develop-
ment in the materials themselves. wholly or
in part, by heat conduction and radiation
from a casing or core or muffle within which
C?R heat is developed.

In operation the material to be heated may
be progressed through the coil or through or
about the muffle, step-hy-step or continuously
or, much less desirably, may be inserted
therein and withdrawn. Considering the
continuous operation, by odds the most ad-
vantageous form, the object or material to be
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heated is fed through at a rate such that with
the energy available and at the frequency
determined upon, it will reach the required
temperature or a temperature just high

8 enough to Le at the proper temperature at the

point of use as it emerges from the final
coil or turn. Heating magnetic material to
the point ai which itiegins to lose its mag-
netism may be effective at a relatively low

10 frequency though, with small stock, or be-
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cause of expense of power factor correction,
very desirably at a frequency higher than
available from line sources of supply and
heating beyond the recallescence point will be

erformed at a much higher frequency.
there the material is non-magnetic and un-
less assisted by the inclusion of magnetic ma-
terial in the form of a muffle or core the heat-
ing will be performed wholly at a higher fre-
quency than that of available line sources of
sui)ply.

n view of my disclosure herein other forms
and uses of my invention will undoubtedly
occur to those skilled in the art differing from
mine in adaptation to special uses, suiting the
preference or whim of the individual de-
signer or for the purpose merely of avoiding
copying of my forms and it is my purpose to
include herein all such as come within the
reasonable spirit and scope of what I regard
as a very broad invention.

Having thus described my invention what
I claim as new and desire to secure by Letters
Patent is:—

1. In the art of inductive electric heating,
a hollow helical coil, a source of high fre-
quency electric current applied to the ter-
minals of the coil and means for moving an
article to be heated having much greater
length than width or thickness through the
coil while it is being subjected to the heating
effect of the coil, the coupling between the
article and the coil being close.

2. In the art of inductive electric heating
& plurality of spaced, helical coils having
their axes im line, in combination with a
source of high frequency electric current ap-
plied to the terminals and means for moving
a long article to be heated longitudinally
through the coils, the coupling between the
article and the coils being close.

8. In the art of inductive electric heating
a plurality of helical coils axially in line,
means for supplying high frequency current
separately to each coil, comprising an alter-
nating current circuit and connections froni
the circuit to the terminals of the different
coils and -means for moving a long article to
be heated longitudinally through the coil, the
coupling between the article and the coils
being close.

4. In the art of inductive electric heating,
an nlternating current generator of standard
rotury type having a frequency above nor-

mal line frequencies, a plurality of coils

axially in line fed from said generator, means
having capacity, applied across the line to
improve the power factor, means for con-
continuous or step-by-ste
metal article to be heated through the coils
to receive successive increments of heat from
currents induced by the current passing
through the coils, the coupling between the
article and the coils being close.

5. In the art of inductive heating, an in-
ductor coil, sources of alternating currents
of different frequency, connections for ap-
plying the currents through the coil and
means for moving a long article to be heated
longitudinally through the coil, the coupling
between the article and the coil being close.

rogression of a
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6. In the art of inductive electric heating, -

a plurality of inductor coils axially in line,
in combination with means applied t6 the
coil terminals for passing current of one fre-
quency through all of the inductor coils and
means applied to the terminals of one coil for
aﬁ)plying a current of different frequency
through one of said coils.

7. In the art of inductive electric heating,

85

an alternating current supply having com- .,

mercial frequency, an inductor coil fed there-
from and an overexcited synchronous motor
run by said current supply connected within
the circuit holding the said and adapted to
correct the power factor for said circuit, a
high frequency generator driven by said syn-
chronous motor, a second inductor coil fed
from said generator and means having ca-
pacity connected in the circuit of the second
nductor coil for power factor correction for
the second circuit and means for passing an
electrically conductive article to be heated
through said coil to receive successive in-
crements of heat by induction from the cur-
rent therein.

8. An alternating current supply circuit
of commercial frequency, an overexcited syn-
chronous motor fed therefrom, an inductor
coil fed from said current supply in circuit
with said motor and whose power factor is
adapted to be corrected b{ said synchronous
motor, & generator driven by the synchronous
motor, a second inductor coil in inductive
relation with the same charge as the first, con-
nections from the generator to the terminals
of said coil and means having capacity for
power factor correction for said second coil.

9. A multiphase source of alternating cur-
rent supply of commercial frequency, a plu-
rality of inductor coils fed therefrom, sur-
rounding and adapted to operate upon the
same charge, & synchronous motor driven by
said multiphase current supply, a generator
driven by the motor, an mductor coil fed
from said generator and surrounding the
same charge as the other coils and means ef-

fective for power factor correction for the

circuit of said inductor coil.
10. A multiphase source of alternating cur-
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rént supply of commercial frequency, a plu-
rality of inductor coils fed therefrom adapted
to surround and operate upon the same
charge, a synchronous motor driven by said
5 multi-phase current supply, a multi-phase
generator driven by said motor, a plurality
of inductor coils fed from said generator and
surrounding the same charge and means for
power factor correction for each of the phases

10 of said circuit.

2

2

3

36

11. A multiphase source of alternating cur-
rent supply of commercial frequency, a plu-
rality of inductor coils fed therefrom sur-
rounding and adapted to operate upon the
5 same charge, a synchronous motor driven by
said multiphase current supply, a generator
driven by the motor, and delivering current
at a higher frequency than the frequency of
the motor supply, a plurality of inductor
0 coils fed from said generator and surround-
ing the same charge, means for power factor
correction for each of the phases of said cir-
cuit and means for passing a charge through
the coils to receive successive increments of
5 heat by induction from the current therein.
12. In the art of inductive heating, a syn-
chronous motor commercial frequency cur-
rent supply therefor, a generator driven
therefrom delivering a higher frequency than
0 that of the current supply for said motor, a
current supply for the motor, a heating in-
ductor coil to whose terminals currents of
both frequencies are applied.

13. In the art of inductive electric heating,

a plurality of inductor coils adapted to oper-

ate successively on the same charge, two sep-
arate sources of alternating current supply
applied to the terminals of the coils operating
at two different frequencies and means for

40 hower factor correction of electro-magnetic

and capacity character respectively for the
circuits of the coils having different fre-
quencies. ‘

14. In the art of electric inductive heating,

45 3 heating inductor comprising spaced hollow

helical inductor ‘coil sections having & com-
mon axis, rotary guides located generally in
line with the common axis and adapted to
support an article to be heated having greater

50 Jength than the width or thickness, so that

55

60

it may be passed through the hollow coils, and
a common source of high frequency current
connected to pass the current through all of
the coils concurrently.

15. The method of heating travelling stock
which consists in progressing the stock and
coincidently passing high frequency current
around the stock with close coupling to heat
the circumference of the stock.

16. The method of heating travelling stock
which consists in providing the stock with a
definite line of travel and in surrounding the
line of travel at close coupling with high
frequency current at intervals along its
5 length.

1,900,842

17. The method of heating normally mag-
netic stock which includes moving the stock,
passing about it relatively low frequency cur-
rent and impressing high frequency oscilla-
tions upon the low frequency current where
the stock loses its magnetic properties.

18. The method of heating stock of mate-
rial magnetic at lower temperatures and non-
magnetic above a critical temperature which
consists in moving the stock, in passing about
it at the same point in its travel both high
and low frequency current and in allowing
the proportion of the induction in it from
the two currents to be determined by the per-
meability of the stock.

19. The method of heating traveling stock,
which consists in moving the stock and sub-
jecting it to the induction of high frequency
current passing about the surface of the stock
at close coupling thereby confining the flow
of current to a thickness of the stock at the
surface inversely proportional to the square
root of the frequency, increasing the resist-
ance and reducing the length of stock nec-
essarily within the coil for a required re-
sistance.

20. The method of heating travelling stock,
which consists in moving the stock and in
applying increments of heat to it successive-
ly by successive inductions of high frequency
current at its surface, the coupling of the in-
ducing and induced currents being close.

21. The method of reducing the length of
travelling stock through which it is neces-
sary to pass an electric current in order to
heat the stock by the I’R secondary loss,
which consists in increasing the frequency of
the current above normal and making the
coupling with the stock close in order that
the proportion of the cross-section of the
stock through which the current actually
travels may be reduced and its resistance

increased.
EDWIN F. NORTHRUP.

70

(]

80

86

00

96

100

106

110

1156

120

125

130



CERTIFICATE OF CORRECTION.
Patent No. 1,900,842. March 7, 1933,

EDWIN F. NORTHRUP.

It is hereby certified that error appears in the printed specification of the
above numbered patent requiring correction as follows: Page 3, line 25, after
"has" insert the word "not"; page 5, line 95, claim 7, for "holding the said"
read "including the coil”; and that the said Letters Patent should be read with
these corrections therein that the same may conform to the record of the case
in the Patent Office.

Signed and sealed this 19th day of September, A. D. 1933.

M. J. Moore.

(Seal) Acting Commissioner of Patents.



