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Backqround ot the Invention 

,;."·'. 

The apparatus of the present invention relates 
lO to magnetic resonance test instrumentation. It exposes 

material to be tasted to an electro-magnetic field ot 
selected frequencies and analyzaa the magnetic resonance 
responses of tbe material. The magnetic resonance 
analyser offers new advantages in the field ot _material 

15 analysis. lt baa been shown that the applicability of 
such an analyzer exceeds the range of tissue analysis and 
other medical application•. The magnetic resonance 
analyser aeaaures the degree and type of response ot a 
matter under test, and by comparison with reference 

20 matter it a•siata in recognizing deviations from the 
desired response. This capability is enhanced by testing 
with a teat pattern which relate• to the aiqnificant 
characteristics for the particular matter under test. 

25 Short Description of the Invention 
The apparatus of the present invention includes 

the mean• tor ••lect.ing te•t pattern• and mean• for 
ganeratin9 a selected teat pattern. Two method• of 
s\lbjecting a aatter under test to tha teat pattern 

30 signals are provided. A first method uaa• an inductive 
coil for generating an elactroma91'etic field under 
control of test pattern signal and a aenaor for 
electromagnetic field• tor sensing the ra•pon••· ~he 

second method uaea probe• for eloctrical ai911ala, causing 
35 electrical currant• between input prob••· Test probes 
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are u•ed to sense currents at selected locations of the 
matter under teat to evaluated the response ot the matter 
under test. 

Th• ••n•ed analOCJ response signals are 
5 processed in a f ir•t analog signal processing circuit and 

may generate a linear signal indicative tor deviations 
from an expectant reault. A ·•econd analoq processinq 
circuit perform• a conver•ion from analog to diqital 
representation of the reaponse signal for evaluation in 

10 digital data processing means. Additional external 
equipment ••Y D8 connected at suitable location• for 
evaluating a signal using C01111lercially available 
equipment, such a spectrum analyzer• etc. 

Tbe inductive coil tor generating the 
15 electromagnetic f i•l• and the sensor coil can be combined 

in various confiquration for testing particular matter. 
While both coils can be concentric in many applications, 
it has been found that in some application• apecially 
shaped coila auch a• oonically formed coil• are more 

20 auitabl• to •ubject the matter under teat to the 
electromaqnetic tield. 

Description of th• Drawinqs 
FIG. 1 ia a achematic block diagram of the 

25 magnetic resonance ananlyzar of the present invention. 

Deacription of the Preferred Embodiment 
The apparatu• of th• pr•••nt invention can be 

u••d in varioua vaya to t••t matter. In th• followin9 
3Q description of tile prafarrad embodiment tha ta•t i• 

partormed in a chaaber in which th• matter under ta•t is 
•ubjected to an electromagnetic field generated by a 
primary coil. A ••conc!ary_coil i• uaed to aanaa the aum 
of the teat field and th• raaponae field. Primary and 

35 aacondary coil• may be concentric and the secondary coil 
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may be located in•ide the primary coil. Both coil• may 
be electrO.agnetically shielded to eliminate any 
influence from an external electromagnetic field. 

Tb• apparatu• of the present invention has two 
5 signal frequency 9enerator• and a carrier fre;uency 

generator. The two frequency generator• include the aame 
type of major component•: pattern select mean• lO and so, 
respectively, pattern generator 12 and 51, respectively, 
and digital to analog converter• 1• and 54 re•pectively. 

10 The inputs at the d19ital-to-anal09 converter• receive a 
sequence of binary coded value• which are converted into 
analog aignala. The resultant analog signals contain the 
frequencies which will cause a reaonance reaponse by the 
matter under teat. The two analog signals are supplied 

15 to modulator 1•. Tbe carrier frequency generator 70 
provide• a •elected frequency •ignal. The output signal 
of generator 70 i• fed through a wave ahaper 71 and 
drive• th• carrier input 74 of modulator 1•. The output 
of modulator it provide• the teat pattern signal in which 

20 the carrier frequency pattern is modulated by the 
•elected signal frequency pattern. The frequency 
•pectrum of the test pattern• reache• from 3 Hz to 14 
KHz. In PIG. 1 there ia provided a •eparate output IP 
OUT ia which makes the test si9nal available to external 

2!5 probes. 
Using.teat chamber 20 of the apparatus the teat 

pattern ai9nal ia supplied to a primary excitation coil 
11, which 9eneratea the elactro-aagnatic teat field. The 
matter to be teat 14 ia placed inaid• coil 11. A 

30 aecondary coil II ••n••• the resultant electromagnetic 
field inside teat chaaber 10. The elactr.ical output 
signal or secondary coil 11 include• a component from the 
teat pattern field and a component repreaenting tha 
resonance •ignal of the matter under teat reaponding to 

35 the test ·tiald. A low-paaa filter II eliainatea all 



12 APR, '96 11 : 49 J-A-KEMP-AND-CO 
J-A-KEMP-AND-CO 

& ~i0437 P. 8/l 4 

-4-

frequency components above a certain frequency. The 
resultant filtered •iCJftal is compared with the electrical 
test pattern aiqnal in comparator so. The difference 
signal is amplified in amplifier 31 and aupplied to an 

5 electronic •witch 31. Switch 38 i• provided to ••lect 
either an external •ignal BP IN from an external device 
connected to line 34, or the filtered differential ai9nal 
from amplifier 1•. Switch 31 i• controlled by a ••lect 
signal on line to. The •elected si9nal is amplified in 

10 amplifier ta and provided to two evaluation channels. 
The first evaluati~n channel convert• the received aignal 
into a di9ital signal in D/A converter ''· Tbe resultant 
digital •ic:paal can be evaluated, procesaad, stored, 
modified or treated otherwise in an proce••in9 device ••, 

15 such •• a special or common purpose computer. The •eoond 
evaluation channel include• a demodulator s•, a voltaqe 
controlled oacillator 51 and an acoustic output device, 
such as a loudapeaker. 

'l'ha magnetic reaonance analyzer can generate a 
20 large variety of aignal patterns. For testing a 

particular matter the optimum teat pattern has to be 
determined which ia aic:paiticant to the particular aatter. 
When testing a aaaple at a later time, a so determined 
optimum teat pattern is selected and iapoaed on the 

25 sample under teat. The resultant raaonance •pectrum can 
be compared with the expected reaultant teat pattern and 
the user may draw a conclusion• fro• the differences. 
Important feature• of the re•ultant •ic:paala are th• 
reaonance reepon••• and the trequenciea showing 

30 extraordinary peak emiaaiona. 
The reaonance frequency analy1ar of tbe preaent 

invention can be equipped with.different type• of primary 
and aacondary coil• depending upon the material and ita 
ahape to be tasted. ln·a.•i•ilar fashion the te•t signal 

35 can be supplied via output EP OUT 11 to input teat probes 
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which are inserted or attached to the material under test 
thereby cauai~g an electrical current to flow ~•tween the 
input prob••· O\Jtput ••n•• probe• can b• inaerted or 
attached at other locations ot the material under test to 

5 identify th• reaction of tbe material under teat to the 
test siqnal. The output sense probe• are to be connected 
to input IP IN s•. The detected signal is processed in 
the same manner as the signal from the secondary coil of 
the teat chamber. 

10 
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1. An apparatus for providing a magnetic 
resonance signal for a matter under teat comprising 
f irat means for generating a first electrical •ignal; · 

5 second means tor generating a second alactrical aignal; 
modulating means for modulating said second •ignal with 
said first ai911al and providin9 a third electrical 
signal; 
first inductor means for generating an electro-maC)natic 

10 field controlled by aaid third electrical pattern signal, 
said tirat inductor aean• being adapted to subject aaid 
matter under teat to said electro matJDatic field; 
second inductor means for sensing an electromagnetic 
field in clo•e proximity to said matter under teat and 

15 providing a fourth electrical •i;nal, said fourth 
electrical signal being indicative for tba 
electromagnetic field generated by •aid first inductor 
means and the resonance magnetic field of said matter 
under test; 

20 means for comparing •aid third electrical signal with 
said fourth electrical signal and providin9 an internal 
difference •ignal, •aid internal difference •iqnal being 
indicative of the maqnetic resonance characteriatic ot 
said matter undar teat; 

25 means for analy1ing •aid difference sivnal. 

2. An apparatu• a• claimed "in claia 1 wherein 
said mean• for analyzing aaid difference ai9nal includes 
means for converting aaid difference aiqnal to a di9ital 

30 signal, and . 
means tor performing data processlnq operations on said 
digital eignala. 

3. An apparatus as claimed in claim 1 wherein 
35 said means for analyzing •aid difference •ignal includes 

-- ..... ···------- - - - - -- -- - --- ---- - ----
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means for damodulatin9 said difference si9nal and 
providing a DC sivnal rapr•••ntative tor th• amplitude 
of said difference signal; and mean• tor generating an 
audible signal including a voltage controlled oscillator 

5 and an audible tone generator. 

4. An apparatu• as claimed in claim l, said 
apparatus further including output means for providing 
said third electrical signals to a device external to 

10 said apparatua, and input means tor providing an external 
diff aranca siqnal from a device external to aaid 
apparatus, and 
switch means tor selectively feeding either •aid internal 
difference aiqnal or said external difference signal aa 

15 said difference aignal to said maan• tor analyzing said 
difference signal. 

5. An apparatus a• claimed in claim 1 wherein 
said first inductor ia a fir•t cylindrical wire coils, 

20 and said second inductor is a second cylindrical wire 
coil inside said f irat cylindrical wire coil and said 
matter under t••t is located in•ide said ••cond wire 
coil. 

25 

30 

35 

An apparatu• aa claimed in claim 5 wherein 
said first inductor !a a first cylindrical wire coil&, 
and •aid second inductor ia a second cylindrical vira 
coil inaide aaid firat cylindrical wire coil. 

7. An apparatu• ar claimed in claim 5 wherein 
said output mean• include first electrical teat probe• 
for applying an electrical teat ai9nal to aaid matter 
under test., 

--- -- -----·--·--·-· -- -- -
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•aid input mean• including second electrical teat probes 
for sensing an electrical reapon•• ai9Jlal froa aaid 
matter under teat. 

g, Apparatua for providi119 a u9netio reao.nance 
•i9"al tor a matter under text, auch apparatu• being 
constructed and arranged to operate aubatantially as 
bereinb•fora described with reference to and aa 
illustrated in the accompanying drawing. 

111111111111111111111111111111 
* C L M S * 

-------------~--
----·· -------·-----··--·- .. -·--·· -


