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Patented Mar. 2, 1954 2,671,197 

UNITED STATES PATENT OFFICE 
MAGNETIZING MEANS FebR RAE FEAW 

DETECTOR, SYSTEMS; 

Walter C. Barnes; Libertyville, and William 
Brazitis. Homewood, Ill. 

Application September 2, 1950, Serial No. 183,038 

This invention relates to the so-called “residual magnetism" system of detecting flaws in rails. 
In testing rails by the residual magnetism 

method, longitudinal magnetic flux is first intro 
duced into the rail from a moving car, and the 5 
residual magnetism left in the rail is then ex 
plored for flux patterns that are characteristic 
of transverse fissures or other internal defects. 
The basic system is disclosed in Barn - - - - - - - 
Patent No. 2,317,718, issued April 27, 1943, a an improved magnetizing means for introducing 
longitudinal flux into the rail is disclosed in 
Barries and Keevil Patent No. 2,317,720, issued 
concurrently therewith: i----'-e: . . 
In Barnes et al. Patent No. 2,317:20, the mag- 5 netizing means comprises three longitudinally 

spaced electromagnets each having a separate 
function to perform in properly magnetizing the 
rail. The forward magnet, or as it is usually 
called, the “A” magnet is a relatively powerful 
magnet, as is also the second magnet, ordinarily 
called the "B" magnet. These magnets succes 
sively introduce high intensity magnetic flux into 
the rail, but are spaced apart far enough so that 
they act more or less independently. The third : 
magnet, commonly referred to as the “C” mag 
ret, is not as powerful as the “A” and 'B' mag 
nets and it introduces relatively low intensity 
magnetic flux into the rail. The “C” magnet is 
sometimes referred to as a “clean-up' magnet be- so 
cause it has the effect of erasing certain residual 
fields left by the “A” and “B” magnets in the 
vicinity of superficial defects in the rail such as 
burns, gags, etc. 
The present invention seeks to provide a far : 

more effective way of introducing magnetic flux 
into the rail for the practice of the invention dis 
closed in said Barnes and Keevil Patent No. 2,317,718, and to accomplish this result with less 
equipment and less bulky apparatus than that 
employed in the Barnes and Keevil patents here 
tofore referred to. The improved magnetizing 
means also has for an object greater selectiveness 
in the polarizing of transverse fissures so that 
such internal defects are more'surely magnetized 
to establish a characteristic magnetic field about 
the rail head in their vicinity, and the unim 
portant superfielial defects are less strongly mag 
retized so: ... faisa; in ria. --A 

ceived by the detecting equipment; that exploies 5 
the rail head in quest. Of thes characteristic re 
sidual magnetic fields: which are set up in the 
vicinity of fissures. 
By this greater selectivenessinestablishing the 

desired residual magnetic fields in the vicinity of 
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2. 
transverse: fissures and in attenuating the estab 
lishment of residual fields in the vicinity of Sull 
perficial defects; other and further advantages 
are obtained; as will become apparent as the 
disclosure proceeds and the description is read 
in conjunction with the accompanying drawings, 
in. Which 

Fig. 1 is a diagram-in side elevation which will 
be used in explaining the principles. Which are 
believed to underlie the present invention; 

Figs. 2, 3, and 4 are views showing; three pos 
sible arrangements for the auxiliary flux-orient 
iing device; 

Figs; 5- and 6 aires diagrams in plan which will 
also be used in explaining the invention; 

Fig. 7 is a side; elevational view of the second 
magnetizing means-used in imparting the desired 
residual magnetic characteristics to the rail; 

Fig. 8 is an end elevational view of the form of 
the auxiliary magnetic device shown in diagram 
in Fig. 3; 

Fig. 9 is a sectional view taken on the line 
9-9 of Fig. 8: 

Fig. 10 is a side, elevational view of the auxil 
iary flux-orienting device showing particularly 
the gauge runner and the manner in which it is 
attached to the auxiliary device; - 

Fig. 11 is a fragmentary sectional view taken 
on the line. --ft-of-Fig. 10; and 

Fig, 12 is an exploded perspective view illus 
trating the manner in which a contact shoe for 
the auxiliary magnet is removably mounted in 
place: 

It will be understood that the specific descrip 
tion of certains preferred forms of the invention 
is for the purpose of complying, with section 112, 
title: 35 of the United States Code, and that the 
invention may be variously modified within the 
scope- of the: appended claims: 

General Organiadition. 

Since: this invention: relates primarily to the 
magnetiz escription will be lim agnetizing means, t 
ited to the: novel portion of such means; refer 
nees being, made to said prior Barnes, et al. 

Patents: Nos. 2,317,718 and 2:317,720. for a riore 
complete description of the entire flaw detection 
system. 

In the present-invertion, the forward or 'A' 
0 magnet. 20:is retained; and as customary, its: coil 
or coils (here indicated diagrammatically by a 
single: coil-2) is energ roma suitable direct 
curren e; preferably 110 volts D. C. Mag 
retic flux is introduced into the rail by the: 'A' 
magnet 20 said for reasois; which are fully ex 
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plained in Barnes et al. Patent No. 2,317,720, the 
flux pattern is characterized by a first reversed 
flux indicated by the arrow 22, then a strong 
rearward flux indicated by the arrows 23, and 
then a second reversed flux indicated by the 
arrow 24, this latter being caused as the flux 
rises upwardly from the rail to pass through the 
coil. 2. 
According to the present invention, the 'B' and 

'C' magnets are dispensed with, and instead, a 
magnet generally designated 25 is employed Which 
for convenience will be referred to as an 'F' mag 
net. This magnet has two adjacent forward 
poles 26 and 27 upon which series connected Coils 
28 are wound, and these coils are energized from 
a suitable direct current source, preferably 110 
volts D. C. 

Since the coils 28 are wound in the same di 
rection, the flux through the poles 26 and 27 will 
likewise be in the same direction, and assuming 
proper polarity connections for the coils 28 SO 
that the flux through these poles is directed 
downwardly, it will be seen that the 'F' magnet 
produces first a reverse flux indicated by the ar 
row 29 and then a strong rearwardly directed 
flux indicated by the arrows 30, and for reasons 
which will be explained later, there is no second 
reverse flux to correspond with the flux 24 of the 
'A' magnet. - 
The 'F' magnet 25 has a horizontal pole 3 

which is substantially parallel to the rail and 
preferably on the order of ten inches above the 
rail. 
An auxiliary magnet 32 is mounted beneath the 

trailing end of the pole 3, and it is this magnet 
that is largely responsible for the unique results 
obtained by the improved magnetizing means of 
this invention. The auxiliary magnet 32 is pref 
erably, although not necessarily, unidirectional 
in character, and its purpose is to conduct flux 
from the rail upwardly to counteract the strong 
vertical field that is introduced into the rail by 
the poles 26 and 27, and also to set up a relatively 
intense momentary transverse flux along the top 
surface of the rail which not only serves to Wipe 
out certain undesirable residual fields introduced 
by the “A” magnet or by the poles 26 and 27 of 
'F' magnet, but also to place the rail in a more 
cyclic condition for the main rearwardly directed 
energizing flux to polarize transverse fissures. 
In Fig. 2, the auxiliary magnet 32 is a direct 

current magnet having a central pole 33 which is 
part of the magnetic circuit that includes side 
poles. 34 and 35, each of which mounts a coil 36 
connected to a suitable direct current source in 
such manner that flux travels downwardly 
through the poles 34 and 35, then inwardly 
through triangular poles 37 to the central pole 33, 
and then back through the coils 36 through a top 
pole piece 38. 

In Fig. 3, the side pole 34 and its supporting 
coil are eliminated, and in Fig. 4, only the central 
pole 33 is used. This pole may be in the form of a 
permanent magnet with the poles arranged for 
the flux to travel upwardly, or it may be a soft 
iron member which merely provides a path of low 
reluctance for the flux to return to the trailin 
pole 3 of the magnet 25. 

Following the 'A' magnet and the 'F' magnet 
With its auxiliary magnet 32 is an induction pick 
up generally indicated at 39, which is located far 
enough behind the magnet 25 to be outside of its 
active field. The pickup 39 is connected to suit 
able amplifying and recording apparatus which 
forms no part of the present invention. 

5 

10 

4. 
Improved results from use of apparatus 

In any rail magnetizing equipment, it is de 
sirable to polarize such internal defects as trans 
verse fissures and to avoid magnetization or 
polarization of such superficial rail defects as 
burns, scale, gags, corrugations, and the like. 
After a rail has been magnetized, any attempt to 
erase the polarized conditions in the vicinity of 
the superficial defects necessarily involves the 
attendant danger of erasing or weakening the 
fields in the vicinity of transverse fissures. 
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In the present invention, test results indicate 
that not only are transverse fissures more fully 
and more strongly polarized by the magnetizing 
means of this invention, but at the same time, 
superficial defects are energized to a far lesser 
extent than has heretofore been possible. For 
example, on one test where the test apparatus 
had a sensitivity such as to record all known 
fissures in the test track, Only three false indica 
tions were recorded, whereas duplicating the test 
using standard magnetizing means produced Over 
thirty false indications. w 
One interesting benefit from this improved 

magnetizing means and the more certain polari 
zation of all transverse fissures with lessened en 
ergization of superficial defects is that the detect 
ing equipment can be run with less sensitivity to 
still further reduce the number of false indica 
tions that are recorded. The use of less sensitivity 
in the amplifier is made possible by the more cer 
tain polarization of transverse fissures by the 
magnetizing means of this invention. . 

In dealing with magnetic phenomena, it is not 
always possible to known for a certainty the rea 
sons which underlie facts known to exist, and it 
should be understood that in the explanation that 
follows and in all other attempted explanation 
of the magnetic phenomena underlying the pres 
ent invention, certain hypotheses must be made, 
and there is no intention of conveying theim 
pression that these hypotheses are the only ones 
for explaining the improved results of the present 
invention. ' ' 

The theory which is believed to underlie the 
improved results, therefore, is that the strong 
flux 30 (Fig. 1) which is made to travel rear 
wardly through the rail without any substantial 
subsequent reversal of flux, strongly magnetizes 
any transverse fissures that may be interposed 
in its path, and by mounting the coils 28 on the 
forward vertical poles 26 and 27 rather than on 
the horizontal pole 3 (in a manner that would 
correspond to the coil 2 of the 'A' magnet 20), 
the rearwardly directed flux 30 leaves the rail 
very gradually as indicated by the arrows 50, and 
does not set up a reverse flux that would tend to 
weaken the polarization of the transverse fissures. 
In addition to this action which more strongly 

polarizes the transverse fissures, the auxiliary 
magnet 32 enhances this action by momentarily 
shifting the magnetic orientation of some of the 
molecules in the portion of the rail over which 
the magnet 32 passes. However, the magnet 32 
has a more important function of wiping out, or 
at least reducing the residual fields left in the 
vicinity of superficial defects, and this is believed 
to be due first, to the passage of some portion of 
the main flux 30 upwardly through the pole 33, 
and second, to the quick reversal or shifting of 
flux that takes place immediately adjacent to the 
top surface of the rail as flux passes laterally 
through the top surface of the rail head from 
poles. 34 and 35 to the central pole 33. Appar 
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ently this sharp shifting of the flux pattern on 
the top surface of the rail tends to wipe out the 
residual magnetic conditions which exist in these 
areas, and this is accomplished without adversely 
affecting the magnetization and polarization of 
transverse fSSures. 

However, in order to be more certain that 
transverse fissures are not adversely affected by 
the lateral flux introduced into the rail by the 
magnet 32, the unsymmetrical arrangement of 
the magnet 32 in Fig. 3 is preferred with the 
center pole 33 being almost directly over the 
center line of the rail or slightly to the outer edge 
of the rail indicated by the reference character 
5. This places the pole 35 well over the outer 
edge of the rail 5, and strangely enough, this 
arrangeinent of the auxiliary magnet 32 not only 
provides slightly improved detection of transverse 
fissures (which are normally found closer to the 
gauge edge 52 of the rail than to the Outer edge 
5), but also is more effective in removing false 
indications due to Scale found on the gauge edge 
52 of the rail. 
The indications are that the pulling up of the 

main flux 30 through the core 33 accounts for : 
possibly fifty per cent of the burn and corrugation 
indications that would otherwise appear on the 
record, with the lateral flux indicated by the lines 
53 accounting for the other fifty per cent of the 
reduction in false indications due to these causes. 
For gags (which are caused by hard spots in the 
rail due to bending of the rails at the mill), and 
for scale the lateral flux 53 appears to be of 
considerable importance even though it is diffi 
cult to explair why indications due to scale on the 
gauge edge of the rail 52 are effectively elimi 
nated by use of an auxiliary magnet of the form 
shown in Fig. 3 which is positioned substantially 
over the outer portion of the rail head. It may be 
due to the flux conditions indicated in Figs. 5 and 
6, which show that even when the auxiliary de 
vice is aSSymmetrically arranged, some of the 
main flux is laterally diverted, which produces a 
quick shaking up of the molecules in the adjacent 
portions of the rail. 

The 'F' magnet 
The 'F' magnet 25 is best shown in Fig. 7, and 

it is supported from the car which carries it by 
stainless steel brackets 54 and 55. The pole 
pieces. 26 and 27 are suspended from the hori 
Zontal pole 3 by bolts 57 and clips 58 hold the 
coils. 28 in place on the poles 26 and 27. Pref 
erably the bottom ends of the poles 26 and 2 are 
magnetically connected by a bridge 59 of cold 
rolled steel bent at the ends as indicated at 60 
to assist the magnet in riding over obstacles. 

Purely by way of example, the horizontal pole 
3 may comprise a bar of cold rolled steel approx 
imately 36 inches long and 2 x 6 inches in cross 
section, and the poles 26 and 27 may be approxi 
mately 8 inches in length and of like Cross section. 
The coils 28 may have 2926 turns apiece of 16 
gauge enamelled wire, and when energized from a 
110 volt D. C. source, and connected in series, will 
draw approximately 2 a.m.p. of current. 
The poles 25 and 27 may be spaced apart a dis 

tance of approximately 5% inches, 
The auaciliary magnet 32 and its mounting 
The auxiliary magnet 32 is carried by the mag 

net 25 on a support generally indicated 6f which 
provides for universal movement of the magnet 
with respect to the 'F' magnet 25. The support 
6 includes a steel bolt 62 which passes through 
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6 
the horizontal pole 3 and is anchored in a staiti 
less steel bracket 63. The bolt 62 passes through 
spaced collars 64 which are also secured to the 
bracket 63, these collars constituting a bearing 
support for the bolt 62 and permitting the entire 
support 6 to rotate about the bolt 62 as a pivot. 
A brass bar 65 is pivoted at 66 to the bracket 

63 and is urged downwardly by a spring 6 sectired 
at One end to the bar 65 and at the other to a 
horizontally extending arm 68 of the bracket. 63. 
The bar 65 may be lifted about the pivot 66 by any 
Suitable means controlled from the car interior, 
aS, for example, by a cable generally indicated 
at 69. 
The magnet 32 is mounted at the free end Öf 

the bar 65. On a vertical pivot. O so that the mag 
net can rotate about this pivot as may be re 
quired to properly follow the rail head. 
The center pole 33 of the magnet 32 is pref 

erably maintained in direct contact with the 
rail head if by means of a replaceable shoe T2 
of mild steel which is beveled at 73 enabling the 
shoe to ride over rail joints, and which has trun 
nion bearing 74 adapted to be received within 
slots 75 (see Fig. 12) of the center pole 33. The 
shoe 72 is conveniently locked in place by a re 
movable angle bracket 76 which is bolted to the 
poles. 33 by bolt. T. 
At the lower end of the pole 35 which carries 

the magnet coil 36 is secured the triangular pole 
piece 3 and for convenience, this pole piece 
mates with a brass piece 78, both of which are 
drilled to receive a securing bolt 79, that is 
threaded into the center pole piece 33. 

Hinged to the lower end of the pole piece 35 
are a pair of gauge brackets 80 which are ad 
justably Secured by bolts 8 to a gauge runner 
82 of stainless steel. The bolts 8 are mounted 
in slots 83 so that the gauge runner 82 may be 
adjusted laterally to the brackets. 86 to thereby 
position the center pole 33 at selected positions 
Over the rail head. 
The bolt 84 which Supports the brackets 80 

Serves as a pivot for rotation of the brackets 80 
and gauge runner 82 as movement of the car with 
respect to the rail makes such swinging move 
ment of the gauge runner necessary. 

It will be understood that the entire support 
6 is resiliently biased against the gauge edge 52 
of the rail aS shown diagrammatically at 8, and 
the ends of the gauge runner are flared outwardly 
as indicated at.85 and upwardly at 86 to enable 
the gauge runner to ride Smoothly over the rail. 

Purely by Way of illustration, the coil 36 of 
the auxiliary magnet may have 10,000 turns of 
No. 30 enamelled copper wire, and when con 
nected to a 110 volt I). C. source, will draw ap 
proximately 2 amp. 
Although it is preferred to use direct current 

for the coil 36, it will be undertsood that under 
some circumstances, alternating current of the 
appropriate frequency may be used. A 60-cycle 
frequency is Satisfactory. 
In some practices of the invention, it may be 

desirable to use more than one magnet of the 
type exemplified by the magnet 29 to precondi 
tion the rail prior to subjecting it to the action 
of the 'F' magnet 25 and the auxiliary magnet, 
32. Other means for placing the rail in a cyclic 
condition prior to the final fux energization of 
'F' magnet 25 and auxiliary magnet 32 may also 
be used. 
We claim: 
1. The method of magnetizing rails and tie 

like to establish characteristic residual magnietic 
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fields in the vicinity of transverse fissures, which 
includes progressively passing a relatively strong, 
unidirectional, longitudinal flux lengthwise 
through the rail, and simultaneously with such 
longitudinal magnetic energization of the rail 
progressively subjecting at least a portion of the 
top surface of the rail head as it is being en 
ergized to the action of an independent unidirec 
tional transverse flux. 

2. The method of magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, which 
includes progressively passing a relatively strong, 
unidirectional, longitudinal flux lengthwise 
through the rail, and simultaneously with such 
longitudinal magnetic energization of the rail 
progressively. Subjecting at least a portion of the 
top surface of the rail head as it is being ener 
gized to the action of a unidirectional transverse 
flux that is introduced into the rail and passes 
Out of the rail through said portion of the top 
surface. 

3. The method of magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, which 
includes progressively passing a relatively strong, 
unidirectional, longitudinal flux lengthwise 
through the rail, and simultaneously with such 
longitudinal magnetic energization of the rail 
progressively subjecting at least a portion of the 
top surface of the rail head as it is being ener 
gized to the action of an independent unidirec 
tional transverse flux that is maintained at a 
relatively shallow depth through said portion of 
the rail top surface. ... 

... . 4. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, Said 

- apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and sub 
stantially parallel thereto, a vertical pole ad 
jacent the forward end of the magnet, and an 
auxiliary flux-orienting device located at least in 
part beneath the trailing end of Said horizontal 
pole, said auxiliary device including a vertical 
member of relatively high permeability mounted 
with its lower end in substantial contact with the 
rail and having means associated therewith for 
passing a unidirectional magnetic flux laterally 
through at least a portion of the rail head. 

5. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and Sub 
stantially parallel thereto, a vertical pole ad 
jacent the forward end of the magnet, and an 
auxiliary flux-orienting device located at least 
in part beneath the trailing end of said hori 
zontal pole, said auxiliary device including a 
vertical member of relatively high permeability 
mounted with its lower end in substantial con 
tact with the rail and having means associated 
therewith for passing a unidirectional magnetic 
flux laterally through at least a portion of the 
rail head, said last-named means including a 
direct current vertical coll positioned alongside 
and laterally of said vertical member, and an iron 
circuit associated with the coil, said iron circuit 
including said vertical member and being closed 
except for an air gap closely adjacent the top 
surface of the rail. 

6. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
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apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and sub 
stantially parallel thereto, a vertical pole adja 
cent the forward end of the magnet, and an 
auxiliary flux-orienting device located at least 
in part beneath the trailing end of said horizontal 
pole, said auxiliary device including a vertical 
member of relatively high permeability mounted 
'With its lower end in substantial contact with 
the rail and having means associated therewith 
for passing a unidirectional magnetic flux lat 
erally through at least a portion of the rail head, 
Said last-named means including a direct cur 
rent vertical coil positioned alongside and lat 
erally of said vertical member, an iron circuit 
associated with the coil, said iron circuit includ 
ing said vertical member and being closed except 
for an air gap closely adjacent the top surface of 
the rail, and a like vertical coil and iron circuit 
positioned diametrically opposed to said first 
named vertical coil and iron circuit. - 

7. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole mounted Over the rail and sub 
stantially parallel thereto, a vertical pole adja 
cent the forward end of the magnet, an auxiliary 
flux-orienting device located at least in part be 
neath the trailing end of said horizontal pole, 
Said auxiliary device including a vertical nem 
ber of relatively high permeability mounted with 
its lower end in Substantial contact with the rail, 
and flux-producing, means associated with said 
vertical member for passing magnet flux through 
said vertical member in the opposite direction 
from that in which flux enters the rail through 
said vertical pole of the main magnet. 

8. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal poie mounted Over the rail and Sub 
stantially parallel thereto, a vertical pole adja 
cent the forward end of the magnet, an auxil 
iary flux-Orienting device located at least in part 
beneath the trailing end of said horizontal pole, 
said auxiliary device including a verical member 
of relatively high permeability mounted with its 
lower end in substantial contact with the rail 
and having means associated therewith for pass 
ing a unidirectional magnetic flux laterally 
through at least a portion of the rail head, said 
last-named means including a direct current ver 

5 tical coil positioned alongside and laterally of 
Said vertical member, and an iron circuit asso 
ciated with the coil, said iron circuit including 
said vertical member and being closed except for 
an air gap closely adjacent the top surface of the 
rail, said air gap being defined by a pole member 
having a pole face inclined downwardly through 
the lower end of said vertical member. 

9. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and sub 
stantially parallel thereto, a vertical pole adja 
cent the forward end of the magnet, an auxiliary 
flux-orienting device located at least in part be 
neath the trailing end of said horizontal pole, 
said auxiliary device including a vertical men 
ber of relatively high permeability mounted with 
its lower end in substantial contact with the rail, 
and a removeable wear shoe at the lower end of 
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said vertical member, said wear Shoe having 
trunnion bearings engageable within slots in Said 
vertical member, and means for locking said 
bearings Within said slots. 

10. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and Sub 
stantially parallel thereto, a vertical pole adja 
cent the forward end of the magnet, an auxiliary 
flux-orienting device located at least in part be 
neath the trailing end of Said horizontal pole, 
said auxiliary device including a vertical nem 
ber of relatively high permeability mounted with 
its lower end in substantial contact with the rail, 
a removeable Wear shoe at the lower end of said 
vertical member, said wear shoe having trunnion 
bearings engageable within slots in said vertical 
member, and a bracket for maintaining the trun 
nione bearings Within said slots. 

11. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole in ounted over the rail and Sub 
stantially parallel thereto, a plurality of vertical 
poles mounted adjacent the forward end of the 
magnet, and an auxiliary fiux-orienting device 
located at least in part beneath the trailing end 
of said horizontal pole, said auxiliary device in 
cluding a vertical member of relatively high per 
meability mounted with its lower end in substan 
tial contact with the rail and with its Upper end 
effectively spaced from said trailing end. 

12. In apparatus for magnetizing rails and the 
like to establish characteristic residual imagnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and Sub 
stantially parallel thereto, a plurality of vei 
tical poles mounted adjacent the forward end of 
the magnet, and a bar of highly permeable nate 
rial joining the vertical ends of the said poles, 
and an auxiliary flux-orienting device located at 
least in part beneath the trailing end of Said hor 
izontal pole, said auxiliary device including a 
vertical member of relatively high permeability 
mounted with its lower end in substantial con 
tact with the rail. 

13. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, Said 
apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and Sub 
stantially parallel thereto, a plurality of vertical 
poles mounted adjacent the forward end of the 
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10 
magnet, and a coil mounted on each of said ver 
tical poles, Wound in the same direction, and 
adapted when energized with direct flux to direct 
flux through said poles in the Same direction, and 
an auxiliary flux-Orienting device located at least 
in part beneath the trailing end of said horizon 
tal pole, said auxiliary device including a vertical 
member of relatively high permeability mounted 
with its lower end in substantial contact with the 
rail. 

14. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and Sub 
stantially parallel thereto, a vertical pole ad 
jacent the forward end of the magnet, and an 
auxiliary flux-orienting device located at least 
in part beneath the trailing end of Said horizon 
tal pole, said auxiliary device including a verti 
cal member of relatively high permeability 
mounted with its lower end in Substantial contact 
with the rail, said auxiliary device being mounted 
on said horizontal pole of the main magnet and 
having universal movement with respect thereto. 

15. In apparatus for magnetizing rails and the 
like to establish characteristic residual magnetic 
fields in the vicinity of transverse fissures, said 
apparatus comprising a main magnet having a 
horizontal pole mounted over the rail and Sub 
stantially parallel thereto, a vertical pole adja 
cent the forward end of the magnet, an auxiliary 
fiux-orienting device located at least in part be 
neath the trailing end of said horizontal pole, 
said auxiliary device including a vertical mem 
ber of relatively high permeability mounted with 
its lower end in substantial contact with the rail, 
said auxiliary device being mounted on said hori 
Zontal pole of the main magnet and having uni 
versal movement with respect thereto, a gauge 
runner carried by the auxiliary device, and re 
silient means for biasing the gauge runner 
against the gauge edge of the rail. 

WALTER, C. BARNES. 
WILLIAM BRAZITIS. 
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