
4                                         904,260-.      The relaxation
does not affect the fre4uency  provided in the display circuit 26?
Configura-    4     and may be ignored.                          tions
other than the Helmholtz geometry       Referring now to Fig. 3, suitable
apparatus  may be employed to achieve the desired meg-     10 for carrying
out the method of the present notic modulation When the manetic field 5
invention may comprise a discharge tube 12, is modulated in this manner, a
voltage signal 70     a helium arc lamp 14, a detector 16, an ainpli-
proportional to the modulation signal should     fier 18, a display circuit
20, a pair of Helm-  be supplied to the horizontal axis of the     holtz
coils 22, and a radio frequency generator  oscilloscope being used to
display the dip     24.                                          shown in
Fig. 2. 10    The discharge tube 12 as shown comprises    Frequency
modulation may be employed  75     a closed cylindrical vessel 32 fitted
with an  in lieu of magnetic modulation;   In this     electrode 34 at each
end. The vessel 32 con-  arrangement the variable frequency power     tains
spectroscopically pure helium gas at a  supply 24 is frequency modulated
and a volt-     pressure such that the metastable helium atoms 15  produced
in the discharge have sufficiently  age signal proportional to this
modulation is     long lifetime to permit alignment. Preliminary  supplied
to the horizontal axis of the oscillo- 80     indications are that the
pressure may be varied  sccpe being used to display the dip shown in
over a range of approximately 1 to 100 mmn  Fig. 2.     Hg. An electrical
discharge may be produced    The r-f coil 30 may be simply several 20  in
the vessel 32 by applying a direct current  turns of wire around the vessel
32. The     potential to the electrodes 34. The discharge  function of the
coil 30 is, as previously men, 85     is for - the purpose previously
discussed of  tioned to impress a variable radio frequency     exciting
normal helium to the metastable state.  magnetic field upon the aligned
metastable     The discharge strength should be sufficient  atoms in the
discharge tube 12. The coil 30 25  to maintain a density of metastable
atoms in  may be driven by any suitable variable fie-     a range of about
100/cm' to 101"/cmi. The  quency oscillator 24, suc as a Hartley oscilla-
90     vessel 32 may be fabricated from a material tar, to produce the
desired magnetic field.     such as glass which is transparent to the  The
oscillator 24 may also be used to drive     helium resonance radiation.  If
desired, the  the helium arc lamp 14 and the discharge 30  vessel 32 may be
constructed of an opaque  tube 12. Methods other than the r-f coil 30
material and provided with windows trans-  may also be used to provide a
radio frequency  95     parent to the resonance radiation. The dis-
magnetic field. For example, a beam  of a     charge tube may he any
arbitrary shape suck  radio frequency magnetic may be coupled     for
example, as a cylinder or sphere.      into the discharge tube 12 from  a
remote 35    The method of exciting the helium in the  point.     discharge
tube 12 may he by means of direct   It is to be noted that the radio
frequency 100     current as shown, or by means of other  coil 30 is
arranged to produce a magnetic     methods such as a high frequency
electric  field which has some components substan-     field. If a high
frequency field is used, the  itially at right angles to the axis of the
field 40  electrodes are not necessary. As a further  being measured
denoted by the north-south     aternative, metastable helium atoms may be
arrow 28 in Fig. 3. It is essential to the 105     produced in the
discharge tube 12 by means  operation of the device 10 that a component of
other than electrical discharge. For example, the radio frequency magnetic
field be provided     a quantity of natural or artificial radioactive at
right angles to the constant magnetic field 45  material placed inside or
adjacent to the  so that there will be field lines operating to     vessel
32 will produce metastable helium atoms  diminish the alignment of the
metastable 1IC     from the normal helium atoms therein. Addi-  helium
atoms.     tionally, X-rays, generated within or without    The helium arc
lamp 14 is essentially a      -     the vessel 32, may be utilized for the
pro-  discharge tube similar in operation to the 50  duction of metastable
helium atomt           aforementioned discharge tube 12. It com-       The
Helmholtz coils 22 are provided to  prises a closed vessel 35 which is
filled withs 115     modulate the magnetic field being measured, helium gas
and is excited by means of elec-     represented by the arrow 28. Each coil
22 is  trodes 36 provided at either end of the vessel     positioned
adjacent one side of the vessel 32  35. The lamp 14 may be electrically
driven 55  with its axis parallel to the axis of said mag-  in a manner
similar to the discharge tube 12.     netic field being measured. A low
frequency  However, since it is desired to excite the 120     alternating
current may be used to drive  helium in -the lamp 14 much more strongly
the coils 22 and provide a weak modulat-  than in the discharge tube 12, it
is necessary     ing  field. The  alternating  current may  to create a
stronger electrical discharge therein. 60  be  generated  as desired  with
any  de-  It may be excited with any power source     sired  wave form. The
function  of the  capable of producing a sufficiently strong 125     coils
22 is to cause 'the magnetic field  source of helium resonance radiation to
cause     being measured to oscillate tightly around  alignment of the
metastable helium atoms in     its true value so that a visual signal may
be  the discharge tube 12. One suitable commer- 65  observed on an
oscilloscope which may be cially available lamp is the spectrographic
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4'   helium arc-lamp sold under the Registered  the axis of the magnetic
field, in this case       Trade Mark " Osram ".                       the
earth's magnetic field, in which the dis-          The detector Th, which
monitors the helium  charge tube is located. The direction of the
resoieance radiation transmitted through the  earth's magnetic field is
indicated by the    5  discharge tube 12, may be any of several such
northsouth arrow 28 while the direction of 70        devices sensitive to a
helium resonance radii-  the resonance radiation is indicated by the
tics. Suitable devices are lead sulfide detec- dotted lines. The light
passing through the        tors or photo tubes. The signal from the
discharge tube 12 is monitoredbythePhoIa        detector 16 is amplified by
means of a suit- sensitive detector 16 located at the opposite    10 able
amplifier 18 and then fed into the display  side of the discharge tube 12
from the lamp  75        circuit 20 which may consist of a cathode ray  14.
The radio frequency coil 30 mounted        oscilloscope.
around the discharge tube 12 is driven to          The method known as
"narrow banding"  induce a radio frequency magnetic field within        may
be utilized to increase the signal to noise  the discharge tube 12. The
frequency of the    15 ratio of the system! 10. An increase in the  radio
frequency oscillator 24 is variable over 80        signal to noise ratio
acts to increase the pre-  the range of interest. As previously discussed,
sion with which the resonance frequency of  in one very narrow frequency
range, the align-        the r-f magnetic field can be determined.  ment of
the metastable helium atoms will be        Narrow  banding  may  be
accomplished  destroyed, with the result that less light will    20
whether frequency or magnetic modulation  reach the photo-sensitive
detector 16. The  85         is employed.  The modulating device may
reduction in light sensitivity may be referred         comprise any of the
suitable circuits utilized  to as the signal. The frequency of the radio
for frequency or magnetic modulation. The  frequency magnetic field at
which the signal         modulating wave is provided with an ampli-  is
maximum may be inserted into the above     25 tude equal to or less than
the width of the           27rmcf         resonance signal to be measured.
The output formula H=      to provide an accurate  90         of the
detector 16 is fed into an amplifier            e         18 which has a
very narrow band width cen-  measurement of the constant magnetic field
tered about the modulating frequency. The  H in which the discharge tube 12
is located.     30  output of the amplifier 18 is thus essentially    Figs.
4 and 5 show an embodiment of the         proportional to the amplitude of
the conm  apparatus 38 of the present invention id which         ponent at
the modulating frequency in the  a helium arc lamp 40 is positioned within
a 95         detector output and this is zero, the funda-  discharge tube
66 to radiate directly into the         mental frequency being at trice
this frequency, discharge tube 66 without the necessity for     35  when
the modulation extends equally to both  collimation.  The device 38
comprises a          sides of the resonance point. Consequently, helium arc
lamp 40 which is surrounded by          the point of maximum dip in Fig. 2
may be  a shield 42 and a tubular closed vessel 44 100          determined
with great accuracy.          constituting the envelope for the discharge
However, if narrow banding is not used, tube 66. The vessel contains helium
gas which     40  the output of the amplifier 18 is fed into a  may be
excited by means of a pair of elec-          display circuit 20 which may
comprise a  trodes 46 driven by a discharge power supply
calibrated cathode ray oscilloscope as pre-  88 in much the same mariner as
previously 105          viously mirenitioned. The cathode ray oscillo-
discussed for the discharge tube 12 of Fig. 3.          scope will display
a resonance curve as shown  A radio frequency coil 50 is wound around
45  inFig. 2. Theposition of the dip in the  the vessel 44 to produce a
radio frequency          resonance curve shown corresponds to the  magnetic
field as previously described and          strength of the magnetic field
being measured  may be driven, for example, by a frequency 110          and
this may be adjusted to the chute of  modulated signal generator 86. A
ring-like          the screen by adjusting the radio frequency
photo-sensitive detector 48 is provided ex-      50  output from the supply
24. In practice, the  tending around the exterior of the r-f coil
magnetic field displayed is equal to the sum   50 to receive the resonance
radiation passing          of the measured field anid the modulating field.
through, the discharge tube 66. The photo- 115          In the trace shown,
the measured field was  sensitive detector 48 may comprise a plurality
0.5 gauss and the modulating field had an  of lead sulfide cells 68
arranged in a ring      55  amplitude of 0.012 gauss.
structure and connected either in series or             In operation, the
helium arc lamp 14 radi-  parallel. The signal from the detector 48 is
ates unpolarized resonance radiation which in  fed into amplifying and
displaying circuit 90 120          this instance is collimated by means of
a  for determination of that frequency of the          lens 26 and directed
in a path to pass through  radio frequency magnetic field which produces
60 the discharge tube 12. Metastable helium  the maximum signal.
atoms, which are continuously produced in    The lamp 40 comprises an
envelope 52,           the discharge tube 12, are aligned by the
consisting of a pair of closed cylindrical por- 125           resonance
radiation from the lamp 14 as pre-  tion  70 in open communication with
each           viously discussed. It will be noted that the  other via a
portion 72 of reduced cross-      6S  path of the resonance radiation is
parallel to dimensions. An electrode 53, 54 is provided
envelope materials because they have the  the power supply may be varied
from approxi-     desired transparency and are relatively low- mately two
to twelve megacycles per second, 15  cost marterial. The electrode material
also  although the higher frequencies generally  80     may be varied.
Suitable electrode materials require more care in matching the impedance
are aluminum, molybdenum, tungsten and  of the lamp to that of the power
supply.     tantalum.  Various electrode materials have    In one
embodiment of the apparatus 38, one     somewhat different properties with
respect to  sheet of polarizing material is wrapped around 20  sputtering
and hence affect the life of the  the shield 42 or lamp 40 and another
sheet 85     tube.                                        is interposed
between the discharge tube 66       The shield 42 comprises an open-ended
and detector device 48. This arrangement     metal sleeve 56 which fits
over the  lamp  tends to discriminate against the scattered     envelope
52. A metallic plug 58 is provided  reasonable radiation which is created
within 25  to close one end of the sleeve 56 and to make  the discharge
tube 66 and thus improves the  90     electrical contact with the electrode
53 at one  sigtial-to-noise ratio of the device 38.     end of the envelope
52. A tubular plug 60    Some of the advantages of the device 38     is
provided at the opposite end of the sleeve  are that it has a low power
consumption, is     56. The plug 60 has a hollow enlargement virtually
non-magnetic and exhibits only very 30 74 for the mounting of a coaxial
cable fitting  small fluctuations in light intensity, particularly  95
76. The metal body 80 of the fitting 76 makes  in the low-frequency range
where microphoy     electrical contact with the shield 42 and is  might
occur. The device 38 is also rugged,     adapted to be connected to the
outer conductor  has a long life, is relatively inexpensive to     of a
coaxial cable. The fitting 76 is also pro  produce, is lightweight, and is
essentially 35 vided with a conductor 82 insulated from  insensitive to
orientation.             100     the body portion 80 and connected to the
As may be discerned from the above des-     lamp electrode 54 by means of a
lead 78. cription of the apparatus of Fig. 3 and Figs.     The conductor 82
is adapted to contact the  4 and 5, the unique relationships between
inner conductor of a coaxial cable and connect excited helium  atoms,
resonance radiation, 40 it to the electrode 54. The central portion of  and
magnetic field, which we have validated  105     the sleeve 56 is provided
with apertures 62  theoretically and experimentally, have been     for the
transmission of resonance radiation  incorporated directly into useful
equipments.     which is at a maximum at the center of the    WHAT WE CLAIM
IS:-     lamp 40. The current for the lamp 40 is thus   1. A method of
obtaining precise measure- 45  provided along a strictly coaxial path,
mini- ments of a magnetic field, comprising the 110     mizing the
production of stray magnetic fields  steps of aligning helium atoms in the
meta-     which could decrease the accuracy of a  stable [err]S[err] state
in the magnetic field to be     measurement if the lamp is operated at low
measured by subjecting said atoms to a beam     frequency or direct
current. The plugs 58, 60  of resonance radiation from  a helium are, 50
and sleeve 56 are constructed of a non- sensing the amount of resonance
radiation 115     magnetic metal such as brass The shield 42, which is
absorbed by the helium atoms, the     in addition to its anti-magnetic
properties, amount depending on the degree of alignment     also provides
mechanical rigidity and protec- of the helium atoms, the absorption being
tion for the lamp 40.                        greater when the alignment
decreases, sub- 55    The power supply for the lamp 40 may be  jecting said
aligned helium atoms in the meta- 120     either direct current or radio
frequency cur-  stable [err]S[err]  state to a high frequency mag- rent and
is connected to the lamp 40 by means  netic field, and sensing the effect
of said     of a coaxial cable 64 provided between the  high frequency
magnetic field on the align-     lamp and the power supply. A radio fre-
ment of the metastable helium atoms in terms 60 quency power supply is
prefered to a direct of the amount of resonance radiation which 125
current power supply. The lamp 40 tends to  passes through the metastable
helium atoms.     operate more quietly with r-f power than    2. A method
as claimed in Claim 1, in     with dc power because there is a strong ten-
which the frequency of the high frequency     dency towards oscillatory
behavior in dc dis- magnetic field is varied until reaching a fre- 65
charge. Also, the r-f source appears to reduce quency at which the maximum
reduction of 130                    6
904,260                  in each cylindrical portion 70. The envelope
"sputtering" of the electrodes. In addition,                 52 is filled
with helium gas. The pressure of  any stray magnetic fields produced by the
lamp                 the helium gas is not critical and may be  current
will tend to average out because of                 varied between
approximately two mm. Hg  the oscillatory nature of radio frequency
5  and 20 mm. Hg The configuration of the  power.
70                 vessel 52 may be varied over wide ranges,   Radio
frequency power may be supplied to                 although rotational
symmetry should be pre-  the lamp 40 by means of any conventional
served if good magnetic shielding is desired. oscillator 84, such as a
single-ended or push-                   The envelope 52 may be fabricated
of any  pull Hartley oscillator. The power require-             10
suitable material which is transparent to  ments of the lamp 40 in one
model were  75                 helium resonance radiation within the
regions  approximately 15 watts but may be reduced
utilized. Fused quartz or glass are preferred  by reduction in lamp size.
The frequency of                 envelope materials because they have the
the power supply may be varied from approxi-                 desired
transparency and are relatively low- mately two to twelve megacycles per
second,             15  cost materials. The electrode material also
although the higher frequencies generally  80                 may be
varied. Suitable electrode materials  require more care in matching the
impedance                 are aluminum, molybdenum, tungsten and  of the
lamp to that of the power supply.                 tantalum.  Various
electrode materials have   In one embodiment of the apparatus 38, one
somewhat different properties with respect to  sheet of polarizing material
is wrapped around             20  sputtering and hence affect the life of
the  the shield 42 or lamp 40 and another sheet 85  tube.
is interposed between the discharge tube 66                    The shield
42 comprises an open-ended  and detector device 48. This arrangement metal
sleeve 56 which fits over the  lamp  tends to discriminate against the
scattered envelope 52. A metallic plug 58 is provided  reasonable radiation
which is created within             25  to close one end of the sleeve 56
and to make  the discharge tube 66 and thus improves the  90
electrical contact with the electrode 53 at one  signal-to-noise ratio of
the device 38.                 end of the envelope 52. A tubular plug 60
Some of the advantages of the device 38                 is provided at the
opposite end of the sleeve  are that it has a low power consumption, is
56. The plug 60 has a hollow enlargement virtually non-magnetic and
exhibits only very             30  74 for the mounting of a coaxial cable
fitting  small fluctuations in light intensity, particularly  95
76. The metal body 80 of the fitting 76 makes  in the low-frequency range
where microphony                 electrical contact with the shield 42 and
is  might occur. The device 38 is also rugged,                 adapted to
be connected to the outer conductor  has a long life, is relatively
inexpensive to                 of a coaxial cable. The fitting 76 is also
pro-  produce, is lightweight, and is essentially             35  vided
with a conductor 82 insulated from  insensitive to orientation.
100                 the body portion 80 and connected to the    As may be
discerned from the above des-                 lamp electrode 54 by means of
a lead 78. cription of the apparatus of Fig. 3 and Figs.
The conductor 82 is adapted to contact the  4 and 5, the unique
relationships between                 inner conductor of a coaxial cable
and connect  excited helium  atoms, resonance radiation,             40  it
to the electrode 54. The central portion of  and magnetic fields, which we
have validated  105                  the sleeve 56 is provided with
apertures 62  theoretically and experimentally, have been
for the transmission of resonance radiation  incorporated directly into
useful equipments.                  which is at a maximum at the center of
the    WHAT WE CLAIM  IS: -                  lamp 40. The current for the
lamp 40 is thus   1. A method of obtaining precise measure-             45
provided along a strictly coaxial path, mini- ments of a magnetic field,
comprising the 110                  mizing the production of stray magnetic
fields  steps of aligning helium atoms in the meta-                  which
could decrease the accuracy of a  stable [err]S[err] state in the magnetic
field to be                  measurement if the lamp is operated at low
measured by subjecting said atoms to a beam                  frequency or
direct current. The plugs 58, 60  of resonance radiation from  a helium
arc,             50  and sleeve 56 are constructed of a non-  sensing the
amount of resonance radiation  115                  magnetic metal such as
brass. The shield 42, which is absorbed by the helium atoms, the
in addition to its anti-magnetic properties, amount depending on the degree
of alignment                  also provides mechanical rigidity and protec-
of the helium  atoms, the absorption being                  tion for the
lamp 40.                       greater when the alignment decreases, sub-
55    The power supply for the lamp 40 may be  jecting said aligned helium
atoms in the meta- 120                  either direct current or radio
frequency cur-  stable [err]S[err] state to a high frequency mag-
rent and is connected to the lamp 40 by means  netic field, and sensing the
effect of said                  of a coaxial cable 64 provided between the
high frequency magnetic field on the align-                  lamp and the
power supply. A radio fre-  ment of the metastable helium atoms in terms
60  quency power supply is prefered to a direct of the amount of resonance
radiation which 125                  current power supply. The lamp 40
tends to  passes through the metastable helium atoms.
operate more quietly with r-f power than    2. A method as claimed in Claim
1, in                  with dc power because there is a strong ten- which
the frequency of the high frequency                  dency towards
oscillatory behavior in dc dis- magnetic field is varied until reaching a
fre-              65  charge. Also, the r-f source appears to reduce quency
at which the maximum reduction of 130
904,260  the aligment of the metastable helium atoms   6. Apparatus as
claimed in Claim  5, in    ocurs, as indicated by the maximum reduc-  which
the high frequency magnetic field is    tion of the amount of the resonance
radiation  modulated, and said modulation is frequency  40    which passes
through same.                  modulation.  5    3. A method as claimed in
2, including the   7. Appparatus as claimed in any one of     further step
of substituting the value of the  Claims 4 to 6, in which the source of
resonance                                radiation comprises a helium arc
lamp, the     frequency in the formula  [err]  , in which  helium gas is
contained in an annular dis- 45                                   e
charge tube which extends around the arc     f is the frequency in cycles
of the high fre-  lamp so that it can receive light therefrom,     quency
field, e the charge of an electron, m   the source of high frequency
magnetic field 10 the mass of an electron and c the velocity of  comprises
a high frequency coil arranged     light, so that the value of H is
obtained in  around the discharge tube, and the means  50     gaussian
units.                             for measuring comprises an annular
photo-        4. Apparatus for measuring the strength  sensitive detector
which is analyzed around     of a magnetic field, comprising an enclosed
the discharge tube. 15  body of gaseous helium, means for exciting    8.
Apparatus as claimed in Claim  7, in     said body of gaseous helium
whereby meta- which the source of resonance radiation further  55
stable helium atoms are continuously produced,  includes a non-magnetic
shield which sur-     a source of resonance radiation which falls  rounds
the helium arc lamp and has open-     on the body of helium gas whereby the
radia-  ings therein to permit light from the helium 20  tion passes
through the body of gaseous helium   arc lamp to pass through to the
annular dis-     and effects the alignment of the metastable  charge tube.
60     helium atoms present therein in the presence    9. Apparatus as
claimed in either of Claims     of the magnetic field to be measured, means
7 or 8, in which a first layer of polarizing     for producing and
directing a high frequency  material extends around the helium arc lamp, 25
magnetic field into the body of gaseous helium   and a second layer of
polarizing material ex-     to reduce the  alignment of the metastable
tends around said helium discharge tube.  65     helium atoms which are
present in the body    10. A method of measuring a magnetic     of gaseous
helium, and means for measuring  field, substantially as herein described
with     the amount of resonance radiation which passes  reference to the
accompanying drawings. 30  through the body of gaseous helium.    11.
Apparatus for measuring a magnetic        5. Apparatus as claimed in Claim
4, in-  field, substantially as herein described with  70      cluding a
vessel containing the gaseous helium reference to the accompanying drawings
the source of resonance radiation being located  H. D. FITZPATRICK  & CO.,
adjacent to said vessel, means for modulating      Chartered Patent Agents,
35  one of the magnetic fields, and means for    3, Gray's Inn Square,
London, W.C.1,     measuring the amount of resonance radiation
and     through the vessel containing helium gas.           94, Hope
Street, Glasgow. Leamington Spa: Printed for Her Majesty's Stationery
Office by the Courier Press.-1962. Published at The Patent Office, 25,
Southampton Buildings, London. W.C.2, from which copies may be obtained    


