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[57] ABSTRACT 

A bone mineral analyzer includes a radioactive photon 
source and a spaced detector secured to a holder 
movable along a transverse scanning line. A tissue 
,covered bone is held in a tissue equivalent cover to 
produce a constant thickness profilewith alphoton 
scanning beam selectively absorbed by the bone and 
the tissue and tissue equivalent. A dual speed motor 
moves the holder at a rapid search speed to locate the 
bone and hold the beam in ?xed relation to the tissue 
and tissue equivalent cover for establishing and storing 
a tissue reference signal. A slow scan speed is 
established for scanning the bone and establishing a 
bone-tissue signal. Corresponding logrithmic signals 
are subtracted and integrated over the width of the 
bone to produce a bone mineral related output which 
drives digital meters. A selection switch interconnects 
a logic circuitry to permit selection between a pair of 
bones spaced in a common tissue. Timing circuits im 
prove the characteristic response of the system. 
Calibration for the digital reader is connected to the 
output side of the integrator to permit calibration ad 
justment without disturbing the signal-in the integra 
tor. 

57 Claims, 8 Drawing Figures 
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BONE MINERAL ANALYZER 

BACKGROUND OF THE INVENTION 

This invention relates to a bone mineral analyzer for 
determining the bone mineral content of a tissue 
covered bone. 
The determination and analysis of the mineral con 

tent of a bone has been employed in‘the diagnoses and ‘ 
treatment of certain deceases and conditions related to 
bone demineralization. In the ?eld of geriatrics, 
osteoporosis and osteomalacia require in vivo analysis 
of the mineral content of the bones. Dangerous condi 
tions resulting from drugs, stress, pregnancy and lacta 

‘ tion can also be analyzed and monitored if accurate 
bone mineral content can be detected. Generally, the 
prior art has employed radiographic analysis of a tissue 
covered bone for in vivo analysis or alternatively the 
excision, ashing and weighing of a bone sample for in 
vitro analysis. Both systems have very distinct disad 
vantages in practical application, particularly for in 
vivo determinations. In radiographic analysis, the bone 
mineral content is not readily determined with any high 
degree of accuracy and precision because of the effect 
of the soft tissue and the scattering of the radiation 
source and the like. Generally, the depletion of bone 
mineral has degenerated so greatly before a radio 
graphic method discloses the condition, that a highly 
dangerous condition exists at the time of detection. 
Thus, an osteoporosis condition 'will generally have 
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degenerated to such a state that a spontaneous fracture » 
is imminent before the bone mineral depletion is readi 
ly detected by a radiographic method. Further, a rela 
tively high degree of skill is required to properly con 
duct and analyze the results. 
A highly improved method of determining the bone 

mineral content has recently been developed and is 
generally disclosed in an article entitled “Precision and 
Accuracy of Bone Mineral Determination By Direct 
Photon Absorptiometry" by John R. Cameron, Richard 
B. Mazess and James A. Sorenson, which was published 
in “Investigative Radiology” in the May-June 1968 
edition Vol. 3, No. 3. As more fully disclosed in such 
article a monochromatic radionuclide source such as 

1 Iodine 125 ‘or Americium 24l establishes a highly colli 
mated photon beam which is intercepted by a colli 
mated scintillation-detector-pulse height analyzer. The 
beam absorption characteristic of tissue is substantially 

. different than the absorption characteristic of the bone. 
Further, the beam absorption characteristic of the bone 
is directly related to the amount of mineral in the‘bone, 
de?ned by an equation related to the logarithm of the 
ratio of the tissue absorbed beam intensity and the 
bone absorbed beam intensity. The tissue covered bone 
or limb is immersed in a liquid such as water which has 
an absorption characteristic essentially like that of the 
tissue to define an artificial profile having a constant 
thickness including a tissue equivalent specimen and a 
bone specimen which is scanned by movement of the 
beam across the covered bone. By integrating the 
logarithm of a tissue reference signal and a bone-tissue 
signal over the width of the bone and taking the dif 
ference, an accurate and precise method-of determin 
ing the bone mineral content was obtained. The signals 
can be recorded for manual or automatic computation. 
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For example, the signals were recorded on paper tape ' 
' for subsequent computer calculation and in a further 

2 
development, internal calculation of the logarithmic 
curve was provided. The operator located the beam 
from one to three millimeters from the edge ‘of the bone 
and then manually adjusted an average base line value 
to a zero position by reading of a meter and adjustment 
of a suitable control in the detection system. Thereafter 
the scanner was engaged and the beam was moved 
across the limb at a selected scanning speed with means 
responsive to'interception of the'onset and terminal 
end of the bone for automatically calculating the 
logrithmic integral of the resulting absorption curve 
and the displaying of the results upon suitable digital 
meters. 
Although the apparatus and method provides relia 

ble results, practical disadvantages, particularly from a 
clinical consideration, remain in the application of such 
apparatus and method. The total tissue covering a bone 
will vary from person toperson and for any given water 
equivalent immersion body a corresponding difference 
in thickness equivalent material will occur. 
As the output is dependent on the difference 

between the tissue reference signal and the bone-tissue 
signal, the apparatus must be established to maintain a 
constant reference or alternatively, as suggested in the 
paper, a base line reference signal must be inserted into 
the system to compensate for the variations. Further, 
the activity of the source of a radioactive source will 
generally decrease with time resulting in a somewhat 
difference characteristic. Consequently, in the prior art 
method, a new base line was manually introduced into 
the instrument for each measurement made by visual 
reading and zeroing of the level from which the bone 
signal was taken. - 
Although the absorption method provides a highly 

and very distinct improvement over earlier methods, 
the control of the ‘operator particularly in initially 
setting the reference base line in order to establish the 
proper level of detection introduces a source of distinct 
error and requires a reasonable degree of skill to 
properly carry out the method of scanning. Further, 
movement of the tissue covered bone during the 
scanning will of course affect the results and, con 
sequently, the time to execute a'single pass is desirable 
as small aspossible. ' 

Q % SUMMARY OF THE INVENTION 

The present invention is particularly directed to a 
bone mineral analyzer employing the variable absorp 
tion characteristics of an essentially monoenergetic 
beam energy as disclosed in the above development 
and in particular provides an automatic instrumenta 
tion of the apparatus to virtually eliminate the operator 
variability and permit rapid, reliable and accurate out 
put readings. Generally, in accordance with a particu 
larly novel aspect of the present invention the analyzer 
is constructed with a beam producing means and a de 
tection means constructed to establish an output 
response related to a selected essentially monoener 
getic energy portion of a scanning beam and including 
an automatic reference signal means connected to the 
detection means for actuating a signal storage means to ' 
establish a tissue reference or base line signal propor 
tional to the intensity'level of the beam received while 
the beam is aligned with a tissue equivalent specimen. 
In a preferred and novel construction, a signal storage 
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means includes a capacitor connected to the output of 
the detection means by a difference ampli?er. The 
capacitor is connected . through suitable switching 
means to the output of the difference ampli?er at two 
different time constants to permit rapidly charging the 
capacitor _to an approximate ?nal value and to more 
slowly charge the capacitor to a final value. After stor 
ing of the reference signal the charged'capacitor is con 
nected. as an input to the, ampli?er with the signal 
generated while scanning the bone portion and directly 
establishes an output related to the difference for sub 
sequent computation to determine the bone mineral 
content. The latter dual charging time is particularly 
significant in connection with a further novel aspect of 

- the present invention in which a beam means is moved 
relative to the tissue equivalent covered bone member 
at a relatively fast search speed, with the interception 
of the beam means by the bone locating the bone and 
then a scanning beam is moved at a relatively slow scan 
speed to scan the bone. In the combination, the capaci 
tor may be charged to the approximate value during the 
rapid search and charged to a ?nal value after location 
of the bone and alignment with tissue equivalent 
material. The dual speed search and scan is of particu 
lar practical significance in a clinical instrument for in 
vivo determination to permit rapid and _ convenient 
measurement of I a patient’s bone. Thus, the beam 
means will rapidly locate the bone and then'slowly scan 
the bone to permit adequate response by absorption of V 
the beam, such that a plurality of scans of the same 

- bone portion may be taken and averaged to make a 
more accurate determination. The beam means may in 

‘elude a single beam to locate and-scan the bone, or may 
include a separate locating beam and separate scanning 
beam. 

' A particularly practical apparatus has been con 
structed employing a count rate meter to produce an 
analog output proportional to a radioactive. beam 
source. The statistical nature of the output of radioac 
tive sources would generally make the use of a count 
rate meter dif?cult because of the response charac 
teristic when operating with the dual speed rapid 
search and slow scan construction. In accordance with 
a-further aspect of the present invention the count rate 
meter is selected to'have a rapid response with a'varia 
ble time constant means‘ connecting the count rate 
meter into the circuit. During the rapid search mode a 
relatively small time constant is employed to- allow/ 
response ‘to interengagement of the beam means and 

' the bone edge after which the time constant is made 
large to compensate for errors which would otherwise 
be introduced as a result of the statistical nature of the 
scanning beam. ' ' 

4 
analyzed. Generally, bone selection logic means are 
provided with a manual input to determine the bone to 
be selected and with the logic means interconnected 
such that the output of the ?rst bone logic means ena 
bles the second bone logic means for operation when 
the second bone is desired. As applied to the fast search 
and slow scan, the drive means is interconnected to 

. maintain the rapid search mode until the proper bone 

15 

20 

25 

35 

40 

45 

so 

has been selected. 
In a _ preferred construction of a bone mineral 

analyzer, a single scanning beam is employed tolocate 
the bone and to'scan the bone with the output of a 
beam detection means connected to a differential dis 
criminator to transmit the pulses of the radioactive 
beam source within the selected monoenergetic range 
and establish an input to a count rate meter. The output 
of the count rate meter is connected to the dual time 
constant circuit. A difference ampli?er and a 
logarithmic converter are‘ connected in series between 
the dual time constant circuit and an integrating means. 
The output of the difference ampli?er is also connected 
to the storage capacitor through the dual time constant 
circuit and the‘ capacitor in turn is selectively con 
nected to the input of the difference ampli?er. A 
coarse bone edge detector is provided to respond to ini 
tial engagement of the scanning beam and the bone is 
operable through a logic sequence control which ,in 
cludes the bone selection means to connect the capaci 
tor to the ampli?er with the short time constant and to 
establish alignment of the scanning beam with the tis 
sue equivalent specimen for establishing a reference or 
base line signal. A fine bone edge detector, is connected 
into the circuit to respond to the second engagement of 
the scanning beam and the bone and is operable to ac— 
tuate an integrating means for simultaneously integrat¢ 
ing the output of the ampli?er and separately integrat 
ing a constant signal until the beam disengages the trail 
ing edge of the bone. The output of the integration 
means are connected to digital readout meters to pro 
vide a direct correspondingreadout. . 

In accordance with a further aspect of the present in 
vention,'the integration and readout means store the 
readout as a signal and include calibration adjustment 
means to permit changing of the unit count with a 
count established in the readout means without chang 
ing the integrated signal. A standard unit may then be 
mounted in the apparatus and when scanned should 
produce a known reading. If the readout means do not 
read properly, the calibration control‘ is adjusted to 
produce the proper readout, for the corresponding 
standard signal. The bone member is then immediately 
mounted in the apparatus and one or more scans made 

' to produce a direct readout of the mineral content. 
55 

s The‘ automatic drive control of the present invention - 
also permits accurate location of the scanning beam 
slightly spaced from the bone edge while establishing 
the tissue reference signal to more accurately re?ect ‘ 
‘the thicknessand composition of the tissue material 
covering the bone and thereby increase the accuracy of 
the determination. 

In accordance with a further important practical 
aspect of‘ the present invention the apparatus includes 
presettable bone selection means whereby the beam 
may scan'two or more laterally spaced bones in a com 
mon tissueand select which of the two bones will be 

60 
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The present invention thus provides a highly im 
provedbone mineral analyzer which will permit accu 
rate and‘ precise determination of thebone' mineral 
content either in vivo or in vitro conditions‘ and which 
is particularly adapted for clinical use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

vThe drawings furnished herewith illustrate the 
preferred constructions of the present invention in 
which the above advantages and features are clearly 
disclosed as well as others which will be readily un 
derstood from the description of such illustrated em 
bodiments. ‘ ' 
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In the drawings: 
FIG. 1 ,is a block diagram illustrating the several 

components of a preferred embodiment of a bone 
mineral analyzer constructed in accordance with the 
teaching of the present invention; 

FIG. 2 is a schematic illustration of the cross section 
of a limb mounted within a tissue equivalent cover for 
analysis by the bone mineral analyzer of FIG. 1; 

FIG. 3 is a typical curve illustrating the bone mineral 
content of a limb such as illustrated in FIG. 2; 

FIG. 4 is a schematic circuit of a referencing circuit, 
a bone detecting circuit and integrating circuits in a 
preferred construction; 

FIG. 5 is a schematic block diagram illustrating the 
logic sequence and motor logic control as shown in 
block diagram in FIG. 1; - 

FIG. 6 is a view diagrammatically illustrating a drive 
mechanism for moving of the beam across the scanning 

. paths; 

FIG. 7 is a view taken generally on line 6—6 of FIG. 
5; and . 

FIG. 8 is a schematic circuit diagram illustrating an 
alternative construction of a portion of the circuit 
shown in FIG. 4. 

GENERAL DESCRIPTION 
Referring now to the drawings and particularly FIG. 

1, a bone mineral analyzer according to a preferred em 
bodiment of the present invention is shown including a 
movable scanner 10 comprising a radiation beam 
producing source 11 and an aligned detector assembly 
12 that are rigidly coupled by a U-shaped support as 
sembly 13 for unitary movement by a drive motor as 
sembly 14. The scanner 10 is preferably constructed in 
accordance with the construction shown in the copend 
ing application of Robert Burkhalter and George L. 
Congdon entitled LIMB HOLDER POSITIONER FOR 
BONE MINERAL ANALYZER Ser. No. 83,945, ?led 
Oct. 26, 1970 which was filed on the same day as this 
application and is assigned to the same assignee. The 
assembly 13 is generally shown as a U-shaped arm 
member which moves transversely over a support area 
15 uponwhich a tissue covered limb 16 is supported. In 
the. illustrated embodiment of the invention, the limb 
16 is'shown including a pair of transversely spaced 
bones 17 and 18 within a common body tissue 19, such 
as a forearm which includes the radius and the ulna. 
Source 11 establishes a beam 20 including a selected 
essentially monoenergetic energy, which is absorbed at 
one level by a unit thickness of the body tissue and at a 
distinctly different level by the bone. Beam 20 is 
directed toward'the detector assembly 12 and the out 
put is a signal related to the received selected energy. 
Source 11 preferably consists of a monochromatic, low 
energy photon source, generally within a range of 20 to 
80 kev, such as Iodine 125 which has a 27.3 kev telluri 
um K x-ray from electron capture or Americium 241 
which has a 59.6 key gamma ray, with the energy level 
selected in accordance with the size of the bone being 
measured and the total bone tissue cover. The detector 
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assembly 12 may consist of any suitable radiation de- ' 
tector responsive to the selected monoenergetic energy 
of the beam and which, if other energy forms are 
present, can discriminate between the energy of in 
terest and background radiation. Thus, the source 11 
and detector 12 are selected to produce a monomer 

65 

6 
getic output response. For example, with the above 
operative sources, the detector assembly 12 may com 
prise a collimated thallium activated sodium iodide, 
NaI (Tl), scintillation crystal detector 21 which is 
aligned with the source to detect the source radiation 
and which is coupled to a photomultiplier tube 22 for 
producing'an electrical output signal which is a func 
tion of received radiation. A.commercially available 
detector assembly 12 which has been successfully em 
ployed is a Harshaw Chemical Company Model No. 
25I-IC3Ml-X568-029-87. This device includes the 
thallium activated sodium iodide crystal which 
produces light pulses proportional to the received ener 
gy and the photomultiplier tube 22 which produces an 
electric output signal function related to the light pul 
ses. A pair of lead plates 23 each about 5 mm thick and 
spaced apart about 4 cm and each having apertures 
aligned on a common axis with the photon source pro 
vides for detector collimation. 

For purposes of source collimation, the source may 
be contained in a thin walled stainless steel tube (not 
shown) approximately 1 cm long and 3 mm in diame 
ter. The tube may be disposed in a 3 mm hole drilled in 
a lead cube with the end of the cylinder approximately 
5 mm below the surface of the cube. ‘ 
The mineral content of a bone is a function of the 

logarithm of the ratio of the beam intensity trans 
mittance after passage through a given thickness of tis 
sue and tissue equivalent material (I0) to the intensity 
of the, beam (I) after passage through an equal 
thickness of bone mineral plus tissue and, as more fully 
described in the previously identi?ed article, the 
mineral content can therefore be conveniently deter 
mined by subtracting the difference of the log signals, 
integrated over the width of the selected bone. 
To establish a constant profile for a measurement, 

the tissued covered bone or limb 16 is placed in a suita 
ble holder 24 having parallel top and bottom walls 25 
and 26 and which is filled with a material having the 
same beam absorptive characteristics as the tissue, 
such as water 27. As will be discussed more fully 
hereinbelow, measurements are made with the beam 
20 aligned‘ with the tissue specimen comprising tissue 
19 and tissue equivalent material 27 as at line 28 to 
establish a tissue reference signal and with the beam 20 
moving across the bone-and thus passing through the 
bone 17, tissue 19 and tissue equivalent material 27 as 
at line_29vof FIG. 2 to establish a bone-tissue signal. 
The logarithm of the signals are established and as 
shown in FIG. 3 the area between the bone-tissue signal 
curve 30 (lnI) and the base line or tissue reference 
signal 31 (lnlo). indicates the mineral content of the 
bone 17. - 

In the embodiment of the invention shown in FIG. 1, 
the output of the photomultiplier tube 22 of detector 
12 is ampli?ed by an ampli?er 32 and transmitted to a 
receiving means including a differential discriminator 
33 which only transmits the detected energy pulses 
within a selected range and in particular pulses 
representing the monoenergetic gamma rays of in 
terest. A count rate meter 34 is coupled to the dif 
ferential discriminator 33 to produce an analog output 
which is proportional to the transmitted monoenergetic 
beam intensity received and transmitted by the detec 
tor 12. A logarithmic converter 35 receives the output 
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of count rate meter and converts the same into a 
logarithmic function so that bone mineral content can 
be determined in accordance with the logarithmic ratio 
discussed above. While those skilled in the art will ap 
preciate that the components illustrated in block form 
in FIG. 1 and discussed brie?y hereinabove may take a 
wide variety of specific forms, certain speci?c exam 
ples which could be employed to provide a satisfactory 
apparatus, include‘ an Oretic Model 485 ampli?er, an 
Oretic Model 406-A differential discriminator, an 
Oretic Model 441 count rate meter, and a Philbick 
Nexus 4350 Log Converter. 
The output of the logarithmic converter 35 is con 

nected to an automatic zero sequence and referencing 
circuit 36 to selectively establish a tissue reference 
signal related to the beam absorption by the tissue 
specimen and to subsequently transmit the difference 
of such tissue reference signal and a-bone-tissue signal 
which is established as the beam 20 scans the selected 
one of the bones 17. An integration means 37 is selec 
tively connected to the circuit 36 and integrates said 
difference output and establishes an output directly re 
lated to the .bone mineral content. '-A readout means 38 
is connected to the integration means 37 to display the 
bone mineral content. 

Referring still to FIG..1, in the‘ preferred embodi 
ment of the invention the output of the log converter 
35 _is also connected through’circuit 36 to actuate a 
logic sequence circuit 39 and a motor logic circuit 40 
to control the movement of'the beam 20, via a lead 41 
which also coupled the output of circuit 36 to the in 
tegration means 37. 
A start; signal unit 42 such as a push button unit 

establishes a start signal at a start line 43 connected to 
initiate the operation of the motor assembly 14 in a_ 
search forward mode to drive the scanner 10 toward 
the bone being measured and to condition the logic cir 
cuit 39 for operation. The line 43 of start signal unit 42 
is also connected to the automatic referencing circuit 
36 as well as a coarse bone edge detector circuit 44 and 
a ?ne bone edge detector circuit 45 to provide move 
ment of the beam 20 in accordance with interception of 
the beam 20 by the bone. As shown in FIG. 3, the mag 
nitude of the signal level decreases with the intercep 
tion of beam 20 by the leading edge of the bone 17 
being measured. The coarse edge detector 44 is respon 
sive to such decrease to provide a start analysis signal at 
a line 46 which is connected to the logic sequence cir 
cuit 39 and the motor logic circuit 40.- Where the 
analyzer'is constructed to scan the limb containing two 
bones, as shown in FIG. 1, the coarse bone edge detec 
tor includes a selection switch control 47 which inter 
nally establishes the response to provide a start analysis 
signal only when the selected bone is sensed. 
Themotor logic circuit 40 will, upon receipt of the 

start analysis signal, cause the‘ motor assembly 14 to 
operate in a search reverse mode until the logic 
sequence circuit 39, which is also actuated by the start 
analysis signal, provides, after a predetermined delay, a 
start analysis delay signal at a first delay control line 48 
whereupon the motor stops and holds the scanner 10 in 
a position wherein the source 1 1 and detector assembly 
12 are approximately 2 to 3 mm outside of the bone as 
shown- at line 28 ' in FIG. 3. vThe start analysis delay 
signal line 48 is also connected to the referencing cir 
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8 
cuit 36 which becomes operative to establish the zero 
reference signal for producing curve 31, asshown in 
FIG.3.‘ ~ ' . ' , 

After a selected time delay during which circuit 36 
completes setting of the base line reference signal, the 
logic sequence circuit 39 provides a second start analy 
sis delay signal at a line 51. Line 51 is connected to the 
motor logic circuit 40 to begin operating in its forward 
measurement mode whereby the scanner l0 begins 
moving toward the bone to be measured. Line 51 is also 
connected to the referencing circuit 36 to internally 
connect the stored tissue reference signal within circuit 
'36 to be subtracted from the signal received from the 
log converter 35 and therefore establish an ‘output at an 
average value of zero during the initial forward mea 
surement mode. 
The referencing circuit 36 also establishes inter 

locking signals to the coarse and fine edge detectors via 
lines 52 and 53 which, upon the completion of the 
referencing, disables the coarse edge detector 44 and 
enables the fine edge detector 45. The interlock signal 
at line 54 of reference circuit 36 is also connected to 
enable the logic sequence circuit 39. 
When the onset of the bone is again sensed, a change 

of magnitude of the output signal of circuit 36 occurs. 
The fine bone edge detector circuit 45 is now actuated 
and provides an integrate start signal at a line 55 to the 
integration circuit or means 37 which then begins in 
tegrating the signal from circuit 36 to provide the in 
tegral of the area between the curves 30 and 31 in FIG. 
3 and correspondingly energizes the readout meter 38. 
When the trailing edge of the bone is detected, the fine 
bone edge detector circuit 37 initiates the generation of 
a reset signal which is coupled via a reset line 56 to the 
integrating circuit 37 which then terminates the in 
tegration, as follows. A signal is transmitted via a line 
57 to the logic sequence circuit 39 to establish an end 
of measurement signal which is transmitted via a line 
58 to the motor logic circuit 40 to switch the motor 
drive from its forward measure mode to a reverse mode 
in which the scanner 10 is returned to its initial posi 
tion. The logic sequence circuit 39 also produces a 
signal at a line 59 which is connected back to the ?ne 
bone edge detector to generate the signal at line 56. . 

In addition, a bonewidth' may be determined by in 
tegrating a constant level signal over the distance 
traveled by the scanner 10 between the rise and fall of i 
the signal provided by the fine bone edge detector cir 
cuit 45 which indicates the leading and trailing edges of 
the bone being measured. 

ZERO SEQUENCE AND REFERENCING CIRCUIT 

Generally, a particularly novel zero sequence and 
referencing circuit 36 is shown in FIG. 4 constructed to 
provide computation of the difference of the tissue 
reference signal and the bone-tissue signal. The circuit 
36 includes a ?rst operational amplifier 60 having an 
‘inverting input connected by a resistor 61 to a line 62 
for receivingthe input signal from the log converter 35. 
The output of the amplifier 60 is connected by a feed 
back resistor 63 of a value corresponding to the input 
resistor such that the output signal is equal to and the 
inverse of the input signal. 
The output of amplifier 60 is connected via output 

line 41 to the edge detectors 44 and45 and to the in 



3,715,588 
9 

tegration means 37, and is also connected internally to 
charge a signal storage capacitor 64, as follows. 
The capacitor 64 is connected across a second 

operational ampli?er 65 and particularly between an 
inverting input terminal 66 and the output line 67. A 
first time constant resistor 68 connects the input ter 
minal 66 to the output line 41 in series with a set of nor 
mally closed contacts 69-1 of relay 69. A related feed 
back resistor 70 is connected in parallel with capacitor 
64 by a second set of normally closed contacts 69-2 of 
relay 69. The resistors 68 and 70 are of an equal re 
sistance such that the signal at line 67 is equal and the 
inverse of the signal at terminal 66. Further, the resistor 
68 is-series connected with capacitor 64 is selected to 
establish a relatively short charging time constant, e.g., 
0.1 seconds. 
A second time constant resistor 71 similarly connects 

the terminal 66 to line 41 via a set of normally closed 
contacts 72-1, of a disconnect relay 72. A second feed 
back resistor 73, of a resistance equal to that of resistor 
71, is connected across capacitor 64 by a second set of 
normally closed contacts 72-2 of relay 72. The resistor 
71 establishes a relatively long charging time constant, 
e.g., 2.0 seconds. Relays 69 and 72 are controlled by a 
pair of corresponding ?ip-?op circuits 74 and 75, each 
having a reset input connected to the start line 43of the 
apparatus start unit 42 of FIG. 1. The relays 69 and 72 
are de-energized when the circuits 74 and 75 are reset. 
The ?ip-?op 74 has its set terminal connected to the 

first delay signal line 48 to open contacts 69-1 and 69-2 
during the ?nal averaging to establish a tissue reference 
signal in capacitor 64. 
The ?ip-?op 75 has its set terminal connected to the 

second delayvsignal line 51 to open contacts 72-1 and 
72-3 and thereby disconnect the capacitor 64 from the 
operational ampli?er 60 and store the signal in capaci 
tor 64. 
When the start signal is received at line 43, each of 

the ?ip-flop circuits 74 and 75 are reset to close the 
relay contacts and connect the output signal of the am 
plifier 60 to the inverting terminal 66 of the operational 
amplifier 65 through the paralleled resistors 68 and ‘71. 
In addition, because the input resistances equal the 
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feedback resistances of the ampli?er, the voltage at the ‘ 
output terminal or line 41 is theinverted duplicate of 
the log converter signal appearing at input line 62 and 
the signal appearing on conductor 67 is the inverted 
duplicate of the output signal and therefore equal to 
the log-signal appearing at line 62. Capacitor 64 will 
also being charging through resistor 68 which is sub 
stantially smaller than 71. This will bev the condition of 
automatic circuit 36 as the scanner 10 moves toward 
the bone to be measured. 
When the bone edge is sensed, the coarse bone edge 

detector circuit 44 provides the start analysis signal at 
the line 46 of FIG. 1 and actuates the logic sequence 
and motor logic circuits 39 and 40 as previously 
described to back the scanner 10 away from the bone 
17 until the logic sequence circuit 39 provides the start 
analysis delay signal at line 48 which stops the motor 
and sets the flip-flop 74 to open relay 69 and now con 
nects capacitor 64 in circuit through resistor 71. 
Because of the shorter time constant of resistor 68, 
capacitor 64 will have .assumed substantially its final 
charge prior to the opening of relay contacts 69-] and 
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69-2. The time constant of resistor 71 and capacitor 64 
is long compared to the statistical ?uctuations in the 
count rate due to source ?uctuations and hence the 
average count rate is now accurately determined in the 
circuit and accumulated on the capacitor 64. As a 
result, when relay 69 opens, the time required for the 
charge on capacitor 64 to assume its ?nal value is rela 
tively short compared with the time that would be 
required for 64 to charge from a fully discharged condi 
tion. Thus, because capacitor 64 has been substantially 
fully charged through resistor 68 to provide a relatively 
short time constant, only ?nal averaging is required 
through the resistor 71 when relay 69 is open. 

After a second delay during which the finalvalue is 
fully set in the capacitor, e.g., approximately 6 seconds 
in the preferred embodiment, the logic sequence cir 
cuit provides the start analysis signal twice delayed at 
the lines 51, which sets the zero sequence ?ip-?op 75 
to open relay 72 and thereby disconnect capacitor 64 
from ampli?er output line 41. 
The setting of flip-?op circuit 75 energizes a relay 76 

which is connected to the opposite side of the circuit 75 
in parallel with a relatively short time delay capacitor 
77. Relay 76 includes a set of normally open contacts 
76-1 which connect the output line 67 of ampli?er 65 
and capacitor 64 to the non-inverting input of the am 
pli?er 60. A series resistor 78 is connected in line 67 
and a grounding resistor 79 is connected to the non-in 
verting input of ampli?er 60. Upon the opening of relay 
72 and the closing of relay 76, the amplifier 60 is con 
nected as a differential ampli?er with the input equal to 
the output of the log converter 35 appearing at line 62 
less the voltagestored in capacitor 64 appearing at line 
67. Initially, the signals at its terminals, i.e., from the 
log converter 34 and from capacitor 64, will both be re 
lated to the tissue reference specimen so that the out 
put at line 41 will assume an average value of zero. 
Therefore, when the scanner is in position with the 
beam 20 aligned with tissue and tissue equivalent 
material at line 28 in FIGS. 2 and 3, the base line count 
rate and the output of the automatic zero circuit will be 
effectively zero. This is represented by the line 31 of 
P10. 3. ' - . 

The sequence flip-?op 75 also provides the inter 
locking signals at the two lines 52 and 53 which are 
connected to condition the logic sequence unit 39 and 
the bone edge detectors 44 and 45 for selective opera 
tion before and after completion of the referencing. 

' The initial resetting of circuit 75 by the start signal at 
line 43 establishes a signal at line 53 and removes the 
signal from line 52. In this mode, the vcoarse edge‘detec 
tor 44 is enabled and the ?ne edge detector 45 and 
logic sequence circuit 39 are disabled, as presently 
described. On the other hand, when zero sequence flip 
flop 75 is set by the start analysis twice delayed signal 
of line 51, the zero sequence complete signal appears at 
line 52 to tell» other portions of the apparatus that the 
zero sequence is complete and a measurement is in 
progress. These signals are employed to condition the 
apparatus for the generation of appropriate signals by ' 
certain portions of the device during a measurement, as 
previously described. ' ' 

Those skilled in the art will appreciate that while in 
the preferred embodiment the base line is set at zero, it 
can also be set at some other convenient value which 
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would then be suitably taken into account by the in 
tegrator means 37. 

COARSE BONE EDGE DETECTOR CIRCUIT 

It will be recalled that the coarse edge detector cir 
cuit is operative to provide a start analysis signal when 
,the beam 20' of scanner 10 originally encounters the 
bone 17 being measured. This circuit 44 is shown in 
FIG. 4_to include a level detector 80 and- a level detec 
tor input circuit 81 connected to the output of the 
referencing circuit 36 to selectively transmit the output 
signal appearing at line 41. Detector 80 is connected to 
a bone selection circuit 82 including switch 47 and con 
trols the generation of the start analysis signal at line 46 
when the proper bone intercepts the beam 20 of 
scanner 10. 
The level .detector input circuit 81 includes a 

transistor 83 connected as an emitter follower with the 
output signal of circuit 36 applied to its base and its 
emitter connected to a coupling capacitor 84, the other 
side of which is selectively returned to ground through 
a ?eld effect transistor 85. A second ?eld effect 
transistor 86 is connected as a source follower with its 
gatealso connected to the other side of the capacitor 
84 and its source connected to the level detector 80. 
Transistor 86 has a very high input impedance and 
transmits the voltage on the capacitor to level detector 
80 without loading the input circuit. The field effect 
transistor 85 is used to switch the impedance on the 
output side of the capacitor and therefore the signal 
transfer to the ?eld effect transistor 86. When the ?eld 
effect transistor 85 is on the impedance of the 
transistor is low and hence the time constant of the 
coupling capacitor 84 and the resistance inserted by 
the transistor 85 is relatively short and the signal is ef 
fectively by-passed to ground with the gate of transistor 
86 set to zero,‘ corresponding essentially to the base 
line. When field effect transistor 85 is off, the im 
pedance is very‘substantial and typically 10'’ ohms and 
hence the time constant is very long and the voltage 
signal of the absorption curve at line 41 of the bone is 
transmitted to detector 80. , 

Transistor 85 is controlled by the start signal from 
the start unit 42 which is connected by line 43 .to a start 
monostable multivibrator 87, the latter provides a 
negative going square wave signal 88 to the base of 
transistor 89 whose collector is connected to the gate 
of ?eld effect transistor 85. The negative pulse drives 
transistor 89 fully on and the .voltage at the collector 
raises and turns on field effect transistor 85. The time 
constant for the -‘ capacitive coupling from input 
transistor 83 and therefore line 41 is short and the volt 
age level at the gate of field effect transistor 86 is set to 

I the reference zero which appears at line 41. When the 
start~delay pulse of multivibrator 87 falls, transistor 89 
turns off and consequently turns off ?eld effect 
transistor 85. Since the time constant of capacitor 83 is 
now long,the bone absorption signal from circuit 36 is 
transmitted through ?eld effect transistor 86 and a re 
sistor 90 to the input terminal of level detector 80, 
which may be of any suitable type, such as a Schmitt 
trigger. 

Level detector 80 is set to become operative at a 
voltage representing interception of the edge of the 
bone or bones being scanned. In the preferred embodi 
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ment of the invention previously described, the particu-‘ 
lar logarithmic converter 35 induced 2 volts per decode 
of count rate change and the level detector threshold 
was set at about 0.3 volts below the “off” voltage at the 
source of ?eld effect transistor 86. The output of the 
level detector 80 is a square wave 91 with the leading 
and trailing edges corresponding to the. interception of 
the beam 20 by the onset and termination bone edges. 
A capacitor 92 and a resistor 93 form a differentiating 

' circuit connected to detector 80 to produce a positive 
pulse 94 at the leading edge of the bone and a negative 
pulse 95 at the trailing edge thereof. The output of the 
differentiating circuit is connected to a ?rst bone logic 
unit 96 and a second bone logic unit 97 of the selection 
circuit 82 and which units are selectively conditioned 

' for response, by the selection switch unit 47, to a posi 
tive pulse signaL-The output of the differentiating cir 
cuit is also connected to an inverter 98 to invert said 
signals and particularly produce a signal 99 represent-_ 
ing the trailing edge of the ?rst bone 17. The output of 
the inverter 98 is connected to disable the second bone 
logic unit 97 until the trailing edge pulse 99 of-the first 
bone is established. 

In the bone selection circuit‘82, the logic unit 96 is a 
three input AND gate having one terminal connected 
to a signal lead 100 from the differentiating circuit and 
producing an output when the ?rst bone leading edge 
pulse 94 appears on conductor 100, if the ?rst bone has 
been selected by proper setting of switch 47 to establish 
a proper input at a second input line 101 and an inter 
lock signal from the logic sequence circuit 39 is simul 
taneously applied to a line 102‘ connected to the third 
input of gate 96. The latter indicates the absence of 
error signals so that a measurement may ‘be properly 
made, as described hereinafter. 
The selector switch unit 47 has a bone-l terminal 

103 connected to the second input of the ?rst AND 
gate 96 and a bone-2 terminal 104 connected to one 
input of a second bone logic unit'97 shown as a three 
input AND gate 97. A common contact arm 105 of 
switch unit 47 is positioned to supply power to one of 
the terminals 103 and 104 and thereby condition the 
corresponding gate 96 or 97 for response. The outputs 
of AND gates 96 and 97 are connected to the inputs of 
an OR gate 106 whose output is connected as one input 
of a third two input AND gate -107, whose other input ‘ 
108 is connected to line 53 of circuit 36 and receives a ' ‘ 
signal when the zero sequence setting operation has not 
been completed by the zero sequence or referencing 
circuit 36. As a result, an output from the coarse bone 
edge detector 45 will be prevented after the completion 
of the zero sequence setting operation and a measure 
ment is in progress. 

If only a single bone is present or the first of a pair of 
bones is to be measured, the selector switch unit 47 will 
be placed in its bone-1 terminal as illustrated by full 
lines in FIG. 4. In this position, the AND gate 96 will 
provide an output signal when the leading edge of the 
bone is sensed in response to the pulse signal 94 at line 
100 and the. interlock signal at line 102. As a result, a 
signal will be provided by the OR gate 106 to one input 
of the AND gate 107 whereby an output actuating 
signal will be provided if the reference circuit interlock 
signal is also present at line 53. An output monostable 
?ip-?op 109 is connected to the output of the AND 
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gate 107 and the start analysis line 46 of the coarse 
bone edge detector 46 thus provide a start analysis 
signal when the leading edge of the first bone is sensed, 
no measurement is in process and no error signals are 

present. 
If the second bone 18 is to be measured and con 

sequently the first bone is to be disregarded, the selec 
tor switch unit 47 is placed in its bone-2 position with 
arm 105 engaging contact 104 to condition gate 97 for 
operation. As a result, when the leading edge pulse 94 
of the ?rst bone appears on conductor 101, AND gate 
96 will be disabled as a result of removal of the signal 
from unit 47 so that it will not provide an output signal 
to OR gate 106. The AND gate 97 which provides the 
other input to OR gate 106 is also disabled as a result of 
the start signal at the line 43 from unit 42, as follows. A 
bone flip-?op circuit 110 has its reset input connected 
to line 43 and an output line 111 connected to gate 97. 
The reset of circuit 110 removes the signal from line 
111 at commencement of the operation and the OR 
gate 106 and the AND gate 107 will be disabled so that 
no start analysis signal will be generated in response to 
the initial pulse 94 whereby the various circuits depen 
dent upon the start analysis signal to commence opera 
tion will remain inactive even though the scanner 10 is 
traversing the first bone. 
The bone ?ip-?op circuit 110 has its set input con 

nected by a line 112 to a three input AND gate 113 
whose inputs are coupled to the output of an inverter 
114, the reference circuit interlock signal line 54 and 
the logic sequence interlock line 102. Since a signal will 
be present at line 102 if there are no error signals and at 
line 54 when the zero sequence is in process, the bone 
?ip-?op 1 10 is set by the inverted trailing edge pulse 95 
of the first bone which appears as pulse 99 at the gate 
1 13. The ?ip-?op 1 10 transmits a corresponding signal 
via line 111 to gate 97 and conditions the gate for 
operation in’ response to a positive logic signal at the 
third input which is connected to line 100. Con 
sequently, when the leading edge pulse generated by in 
terception of beam 20 by the second bone appears on 
conductor 100, the AND gate 97 will be enabled and 
provides an output to the OR gate 106 so that the start 

7 analysis signal will be generated. In this manner, the 
motor assembly 14, logic sequence circuit 39 and re 
lated elements are actuated to provide the measure 
ment of the second bone by the start analysis signal at 
line 46, generally in the manner discussed hereinabove 
with respect to FIGS. 1 and 3. - 

FINE BONE EDGE DETECTING CIRCUIT AND 
INTEGRATION CIRCUITS 

It will be recalled that after the start analysis signal is 
generated, the motor assembly 14 will reverse and 
move the scanner 10 to a position 2-3 mm outside the 
bone as shown at line 28 in FIG. 3, whereupon the logic 
sequence circuit 39 will generate a start analysis delay 
signal at line 48 which will stop the motor assembly 14 
and commence the zero sequence operation of the 
referencing circuit 36. After the zero sequence setting 
operation has been completed, the logic sequence cir 
cuit 39 will generate a start analysis signal twice 
delayed at line 51 which will cause the motor assembly 
14 to begin moving the scanner 10 in its measure for 
ward direction. The fine bone edge detecting circuit 45 
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is coupled to receive the signal at line 41 from the 
referencing circuit 36 and is operative to commence in 
tegration by the integrating circuit 37 when the edge of 
the bone to be measured is intercepted a second time 
by beam 20 of the scanner 10. 
The fine bone edge detecting circuit 45 includes a 

level detector circuit 115, which may also take any 
convenient form such as a Schmitt-trigger circuit. The 
level detector 115 is coupled to line 41 of circuit 36 to 
receive the output signal from the circuit 36 which, it 
will be recalled, will be a voltage proportional to the 
logarithm of the beam absorption of the scanner 10 as 
it traverses the bone and will be set at an average value 
of zero before the bone is encountered. The level. at 
which detection is made by detector 115 is determined 
by the setting of a potentiometer 116 which, in the 
preferred embodiment of the invention, is set at minus 

' 0.3 volts similar to detector 80. The output of the level 
detector 115 is coupled to one input of an AND gate 
117 which is also coupled to receive the zero set 
complete signal from line 52 of circuit 36 and a logic 
interlock signal from line 102 of circuit 39. Thus, gate 
117 will be enabled to provide a bone edge signal 118 
at its output line 119 when the signal at line 41 of cir 
cuit 36 reaches a predetermined value as a result of ap 
propriate signals at lines 52 and 102 indicating proper 
circuit operation to that time. The bone edge signal 118 
is a positive signal which is connected by line 55 to set 
an integrate ?ip-?op 120 and to reset a reset flip~flop 
121 to condition circuit 37 to initiate an integrating 
operation. 
The integrate flip-?op 120 and the reset ?ip-flop 121 

are coupled to operate relays 122 and 123, respective 
ly, in the integrating circuit 37. As will be discussed 
more fully hereinbelow, an integrating operation can 
commence when relay 122 is energized and relay 123 is 
de-energized. The starting signal line 43 is connected to 
the set input of reset flip-flop 121 to actuate relay 123 
and close sets of contacts 123-1 and 123-2 to reset the 
integrators 128 and 130 respectively. The starting 

‘ signal line 43 is also connected to one side of the OR 
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gate 124 to terminate the integration by'resetting the 
integrate ?ip-?op 120 and hence de-energize relay 122 
'and open relay contacts 122~1 and 122-2. ~ 

The bone edge signal 118 at line 119 is a positive 
going DC signal which will be up for the duration that 
the scanner 10 traverses the bone being measured. As 
will be discussed in greater detail hereinbelow, the fall 
of the signal 118 will be employed by the logic 
sequence circuit 39 to generate an end of measure 
ments signal at the line 59 shown in FIGS. 1 and 3, 
which is connected to the OR gate 124 to also reset in 
tegrate ?ip-?op 120. In this manner, after the traverse 
of the bone being measured has been completed, the 
relay 122 will be opened, terminating the integration 
operations. 
The integrating circuit 37 includes a bone mineral in 

tegrating circuit 126 coupled to the output line 41 of I 
the circuit 36 through normally open relay contacts 
122-1 of relay 122and a resistor 127 to receive the 
signal. A bone width integrating circuit 128 is also con 
nected through a set of normally open relay contacts 
122-2 of relay 122 to a constant voltage source 
represented by a potentiometer 129. Circuits 126 and 
128 may be identical and accordingly circuit 128 has 
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been illustrated in block form for the sake of brevity. It 
will be understood that except for the fact that the bone 
mineral integrating circuit 126 is coupled to integrate 
the automatic zero output signal while the bone width 
‘integrating circuit 128 is coupled to integrate a con 
stant voltage, the circuit components and method of 
operation of the two circuits may be otherwise identi 
cal. 
The illustrated integrating circuit 126 includes an 

operational ampli?er 130 having its input connected by 
contacts 122-1 and resistor 127 to line 41. A capacitor 
131 is coupled between the inverting terminal and the 
output terminal of amplifier30. As those skilled in the 
art will appreciate, the output voltage of the opera 

' tional amplifier 130 is equal to the integral 

and is stored in the capacitor 131. The signal V4, is 
equal to the difference between the tissue reference 
signal shown as the log curve 31 and the bone-tissue 
signal shown as the log curve 30 and therefore the in 
tegral is equal to the difference of such curves 30 andv 
31 and therefore equal to the bone mineral content. 
The integration circuit 126 may be provided with the 

usual calibration by the variable resistor 127 connected 
to the input side of the circuit. In accordance with the 
present invention, a calibration resistor 132 is con 
nected to the output side of circuit 126 and provided 
with an external control element 133, as diagrammati 
cally shown in FIG. 1, to permit output calibration for a 
given signal-on capacitor 131. This permits adjustment 
and calibration of the readout means or meter 38 with a 
single scan, as more fully developed hereinafter. 

Because the system according to the preferred em 
bodiment of the invention can be driven in a high speed 
or low speed mode, i.e., 1 mm per second or 2 mm per 
second to compensate for the output of source 11 with 
time, a scale factor must be introduced into the signals 
provided to the meter 38. For this reason, a voltage di 
vider consisting of equal resistors 134 are connected 
.and coupled between-the resistor 132 and ground, A 
relay 135 controls relay contacts 135-1 which are con 
nected ‘to the junction of resistor'132 and the one re 
sistor 134 and connect the bone mineral voltage to the 
input of an operational ampli?er 136. A relay 137 in 
cludes normally open relay contacts 137-1 connected 
to the junction of resistors 134 to provide one-half of 
this bone mineral voltage to ampli?er 136. Relay-135 is 
controlled by a motor low signal which is provided 
from the motor logic circuit when the device is in its 
low speed mode and relay 137 is controlled by a motor 

Y high signal from- the motor logic circuit when the 
device isin its high speed mode. The operational am 
pli?ed 136 is connected as a voltage follower to pro 
vide a high input impedance to the voltage divider re 
sistors 134 and low output impedance to the 'meter 38 
which gives the actual indication to the operator. The 
meter 38 is diagrammatically shown as a digital panel 

. type meter which establishes a visual numerical display 
proportional to the signal on the capacitor 131, and 
therefore the mineral bone content when operated as 
described. 
The integrate reset relay 123 includesa set of nor 

mally open contacts, relay contacts 123-2, which are 
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connected in series with a resistor 138 across capacitor 
131 to shunt and reset the capacitor. when the start 
signal at line 43 sets the reset ?ip-?op circuit 121. This 
dumps the charge previously stored on capacitor 131 in ' 
preparation for a new integrating operation. The reset 
?ip-flop 121 is reset by the bone edge signal 118 to 
open the contacts 123-2 when an integrating operation 
commences. Contacts 123-1 remain open after the ter 
mination of the integrating operation so that the charge 
on capacitor 131 is retained until the next start signal is 
received, for purposes of cailibrating the meter 38. 
The bone width integrator 128 is similarly con 

structed and connected to the potentiometer 129 by 
the contacts 122-2 of start integration relay 122. The 
integration 128 will also include a calibration control 
element 139 to-set the circuit to the output side and to 
thereby properly actuate a similar meter 140.‘ 

MOTOR LOGIC AND LOGIC SEQUENCE 
CIRCUITS 

The logic sequence circuit 39 includes a start analy 
sis responsive channel or circuit 141 for generating the 
first delayed start analysis signal at line-48 and sub 
sequently the second delay start analysis signal at line 
51. In addition, an inhibit and end of measurement 
channel or circuit 142 is provided for generating an end 
of measurement signal at line 59, and the inhibit inter 
lock signal at lines 102 for controlling logic elements of 
FIG. 4, as more fully discussed hereinafter. 
The scanner drive assembly 14 includes a reversible 

motor 143 having its drive shaft connected to drive arm 
13 through suitable clutches 144 and 145, arranged 
with separate relay or relays controlling each of the 
modes of the motor. The‘motor 143 is a two speed _ 
reversible type such as that sold by Bodine and 
identi?ed as type KYC-26-T3Al. The two speeds are 
used to attain the measurement or scan speeds such as 
1 mm per second for low speed scans and 2 mm per 
second for high speed scans. This speed change is set by 
energizing either a low speed motor relay 146 or a high 
speed motor relay 147, each of which includes the re 
lated contacts 146-1‘ and 147-1 connecting the motor 
to the incoming supply lines. The clutches are used to 
obtain a gross speed change from 1 or 2 mm per second 
scan speed to 1 cm per second search speed. One of the 
two, clutches .144 and 145 is engaged at all times by 
using a'common actuator includinggadoublev throw 
high speed clutch relay 148connected so that when 
relay 148 is energized, the clutch‘ 144 connects motor 
143 to drive the output shaft and arm 13 at 1 cm per 
second search speed while the clutch 145 connects 
motor 143 to'drive arm 13 atthe lower scan speed 
when this relay 148 is'de-energiz'ed. The direction of 
motor operation is controlled by forward and reverse 
motor relays 149 and 150, ‘respectively. ' t 
The motor logic circuit 40'includes a search forward 

?ip-?op 151 having a set signal connected by an OR 
gate 152 to line 43 of start unit 42 and an output line 
similarly connected, when the ?ip-?op is set, to ener 
gize the high speed clutch relay 148, the-high speed 
motor relay 147 and the forward motor relay 149 

' through the respective OR gates 153, 154 and 155, and 
associated ampli?ers 156, 157 and 15s. The scanner 10 
is thusdriven in the forward direction and at high speed 
until the leading edge of the ?rst bone 17‘to be mea 
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sured intercepts the beam 20. The coarse bone edge 
detector circuit 45 will then provide the signal at line 
46 which is connected to the reset terminal by an OR 
gate 159 of the search forward ?ip-?op 151 and upon 
receipt of the signal de-energizes the high speed clutch 
relay 148, the high speed motor relay 147, and the for 
ward motor relay 149 and the motor will stop its for 

_ ward traverse. 

A search reverse ?ip-?op 160 is similarly connected 
to control gates with a set input connected to the line 
46 to provide a reverse drive speed at an output line 
connected to energize high speed clutch relay 148, the 
high speed motor relay 147 and the reverse motor relay 
150 similar to the output of ?ip-?op 151 so that the 
motor 143 operates at high speed in its reverse mode. 
The reset terminal of the ?ip-?op 160 is similarly con 
nected to the logic sequence circuit 39 and'particularly 
line 58. The several AND gates to the flip-?ops 151 and 
160 permit interlocking signals related to the position 
of the scanner arm assembly to prevent operation if the 
arm has not moved properly for any reason, as 
hereinafter described. 

Referring again to the channel 141 of the logic 
sequence circuit 39, the start analysis signal line 46 
from the coarse bone edge detection circuit 45 is con 
nected to a first delay generator 161 whose output line 
162 is coupled to a first output pulse generator 163, 
whereby a start analysis delay signal will be generated 
at line 48 after a predetermined time delay. The signal 
at line 48 is provided to the ?ip-?op 74 of the referenc 
ing circuit 36 for initiating the zero sequence function 
and in addition is provided to the motor logic circuit 40 
to reset. the search reverse ?ip-?op 159. This de-ener 

' gizes the motor drive circuit, whereby the scanner l0 
and particularly beam 20 will be in its zero mode or at 
rest. The period of the ?rst delay generator 161 is such 
that the scannerwill come to rest in a position that is 2 
- 3mm outside .of the bone as shown at line 28 in FIG. 
3, and remains at rest for a predetermined period. 
The output-signal of the ?rst pulse generator 163 is 

connected to a second delay generator 164 whose out 
put is coupled'to-a second output pulse generator 165 
whereby after a second time delay, the start scan analy 
sis signal will be generated at the line 51. The period of 

' the second delayed generator 165 establishes the above 
rest period of beam 20 and is selected to be sufficiently 
long to permit the automatic zero sequence circuit to 
complete the automatic zero setting function; e.g., 6 
seconds. . ' 

The twice delayed signal at line 51 is connected to 
actuate a measure high speed ?ip-?op 166 or measure 
low speed flip-?op 167 by corresponding dual input 
AND gates 168 and 169 which are selectively condi 
tioned for operation by a two position speed selector 
switch 170 having a high speed contact 171 connected 
to gate 169 and a low speed contact 171a cor 
respondingly connected to the other gate 168. The con 
tacts are also connected to correspondingly energize 
the relays 135 and 137 of circuit 37, shown in FIG. 4. If 
measure high speed ?ip-?op 166 is energized, a signal 
will be generated at the output line 172 which. is con 
nected to gates 154 and 155 to the high speed motor 
relay 147 to drive the motor at high speed in a forward 
direction, or if measure low speed ?ip-flop 167 is ener 
gized, the signal will be generated at its output line 173 
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which is similarly connected to gate 155 and to relay 
146 via an ampli?er 1730 to actuate the low speed 
motor relay 146 to drive the motor for low speed 
operation. _ 

The beam 20 is therefore moved forwardly toward 
bone 17 at a relatively slow scan speed. When the beam 
20 is again intercepted by the bone, the ?ne bone edge 
detector circuit 45 will provide a generally square wave 
bone edge signal 118 for the period that the bone inter 
cepts the beam 20. 
The square wave signal functions to initiate the in 

tegration and will also be applied to the end of mea 
surement circuit or channel 142 of logic sequence cir 
cuit 39. A differentiating circuit consisting of a capaci 
tor 174 and a resistor 175 is connected to line 119 of 
circuit 45 whereby a negative pulse signal 176 is pro 
vided to the input of an inverter 177 upon the decrease 
in the level of the square wave signal. As a result, a 
signal 178, indicating that the trailing edge of the bone 
17 has been passed, is provided at the output line 179 
of inverter 177. Line 179 is connected as one input to a 
two input AND gate 180, the other input of which is 
connected to the line 52 of automatic’ zero circuit 36 
for receiving a completion signal indicating that a mea 
surement is in progress. Accordingly, the AND gate 
180 provides an end of measurement signal at the out 
put line 181 if a measurement is in progress and after 
the trailing edge of the bone being measured has been 
passed by the beam 20 of scanner 10. , 
The signal at line 181 is connected via the line 58 to 

reset the measure high speed ?ip-?op 166 and the mea 
sure low speed ?ip-?op 167 and to set the search 
reverse ?ip-?op 160. As a result, a signal appears at the 
output line of ?ip-?op 160 to actuate the high speed 
clutch relay l48,'the high speed motor relay 147 and 
the reverse motor relay 150. This places the motor 143 
in its high speed reverse mode for rapid movement of 
the scanner 10 to its home position, whereupon the 
clutch and motor relays will be de-energized by a limit 
switch 182. 
The end of measurement signal line 59 of circuit 39 

is also connected as one input to the two input OR gate 
124 in the ?ne bone edge detector circuit 45 to reset 
the integrate ?ip-?op 120 whereby the relay contacts 
122-1 open to terminate the integrating . operation. 
Relay contacts 123-] will remain open, however, to 
retain the charge on the integrating circuits. . 

lt will be further recalled that the coarse bone edge 
detector circuit 44 will not provide the start analysis 
signal at line 46 unless an inhibit not signal is received 
from circuit 39. This signal is provided by an inhibit 
?ip-?op circuit 183 which is reset by the initial start 
signal of unit 42 and set by the end of measurement 
signal at line 181 which is connected as one input to a 
three input OR gate 184. 

_ The other two inputs of gate 184 are connected to in 
terlocks to set the ?ip-?op 183 and disable the ap 
paratus if erroneous operation occurs. . 7 

In addition, an input signal is generated to the OR 
gate 184 at a terminal if scanner 10 is out of position as 
indicated by operation of a limit switch logic circuit 
which is described in connection with the drive as 
sembly. A multiple input OR gate 187 is connected to 
the third input of OR gate 184 to indicate error signals 
in the motor logic circuit 40. 
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The setting of the logic ?ip-?op circuits 151, 160, 
166 and 167 in the motor logic circuit 40 should be 
such that the motor and clutch relays will be in either a 
zero mode, that is, when the scanner is at rest, a search 
forward mode, during which the scanner traverses for 
ward at 1 cm per second, a search reverse mode, during 
which the scanner traverses in a reverse direction at l > 

cm per second, measure high speed mode in which the 
scanner moves forward at 2 mm per second and mea 
sure low speed mode in which the scanner moves for 
ward at 1 mm per second. An error signal will occur if 
these ?ip-?op circuits are set in such a manner that in 
consistent modes of operation are indicated and 
produce a signal at an input of gate 187. Specifically, 
these error signals include the appearance at the output 
of a two input AND gate 188 connected to the outputs 
of search reverse ?ip-?op 160 and search forward ?ip-v 
flop 151 to transmit a signal to gate 187 and thus to 
gate 184 if the flip-?ops are simultaneously set. 
,Similarly, the outputs of the search forward ?ip-?op 
151 and/or the search reverse ?ip-?op 160 are con 
nected to an OR gate 189, the output of which is con 
nected as one input to AND gate 190. The high speed 
measure ?ip-flop 166 is connected as a second input to 
the AND gate 190 to disable the apparatus if both a 
search and measure ?ip-?op are set. The measure low 
speed ?ip-‘?op 167 and the search reverse ?ip-?op 160 
and the search forward flip-?op are similarly connected 
to an OR, gate 191 andan AND gate 192 to produce a 
disable signal if such flip-?ops are simultaneously set. 
Thus, when the motor logic ?ip-?ops 151, 160, 166 and 
167 are set in such a manner that more than one 

machine ‘mode is indicated, the gate 184 produces a 
signal to setthe inhibit ?ip-?op 183 and a signal will be 
generated which resets the device and sends the 
scanner back to its home position. 
The ?ip-?op 183 thus provides an interlock per 

mitting operation of the apparatus in a manner to accu 
rately drive the scanner 10 to measure the beam ab 
sorption characteristics. ‘ 

SCANNER DRIVE ASSEMBLY 

The mechanical portions of the apparatus are sche 
matically illustrated in FIGS. 6 and 7 to include the 
scanner 10 which includes the generally U-shaped arm 

‘ 13 for supporting the detector assembly 12 at its upper 
end. The lower end of arm 13 is received within a hol 
low, generally' rectangular housing 193 which is 
suitably slotted to permit movement of arm 13 between 
its .full and phantom positions shown in FIG. 5 with 
limit switches mounted adjacent the path of the lower 
end of arm 13 to insure properposition of the arm. The 
source 11 is rigidly secured to an integral plate portion 
194 extending forwardly from the lower end of arm 13 
to place source v11 in direct alignment with and below 
the detector 12. In addition, the arm 13 includes a ver 
tical end plate ‘195 which carries a fixed nut 196 for 
threadably engaging a drive screw 197. The other end 
of the drive screw 197 is mounted for rotation in a 
bearing 198 and carries a first relatively small spindle 
199 and a second relatively large spindle 200. The 
motor 143 has its output shaft 201 operable to be cou 
pled to a first relatively large spindle 202 or a second . 
relatively small spindle 203 by a clutch assembly 204 
which includes clutches 144 and 145. Spindle 202 is 
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coupled to the spindle 199 by a belt 205 and when cou 
pled to the motor output shaft 201 will rotate the screw 
197 at a speed such that the scanner 10 will move at l 
cm per second. The spindle 203 is coupled to the spin 
dle 200 by a belt 206 and when coupled to the motor 
output shaft 201 will rotate the screw 197 at a speed 
which will move the scanner 10 at the 2 mm per second 
speed. The scanner 10 may be driven at 1 mm per 
second speed by shifting the motor from its high speed 
mode to its low speed mode, as previously, and with the 
spindle 203 coupled to the motor output shaft 201. 

. The scanner 10 may be mounted for movement in 
the housing 193 in any convenient manner such as by 
vertical track and roller units 207 disposed to the op 
posite sides of the housing 193 and horizontally 
disposed track and roller units 208 formed in the sides 
of said housing. 

In operation, a standard pro?le member 209 having a 
known absorption characteristic is mounted in the - 
scanner 10. The member 209 is formed with an annular 
recess 210 which is filled with an appropriate liquid or 
the like which simulates the absorption characteristic 
of the bone. A single scan is made and the readout on 
the digital meters 38 and 140 compared with the stan 
dard. If the readings do not agree, the calibration con 
trol.133 is adjusted to insert the proper reading. As the 
integral signal is stored in capacitor 131 and the 
calibration means 132 is connected to the output side 
of such capacitor 131, movement of control 133 can 
provide a direct correct calibration. 
Thelimb ,16 is then mounted with the holder 24 in 

the scanner 10, with the bone selection switch 47 and 
speed selection switch 170 preset to provide the 
desired movement of beam 20. 
The start unit 42 is actuated and the scanning beam 

20 moves over the limb 16 and ‘the timing means auto 
matically establishes the predetermined timed coor 
dination between the operation of the drive assembly, 
the referencing circuit, the bone detecting circuits, the ’ 
integrating means and the interrelated computing cir 
cuits. 
The illustrated motor assembly further-includes a 

plurality of diagrammatically illustrated limit switches 
interconnected in the logic drive circuit of FIG. 5 for 
selectively automatic positioning the scanner arm 13. 
As shown in FIG. 6, a selector switch 211 is mounted 

on the front of the assembly to permit initial positioning , 
of the arm 13 in either the extended or scan start shown 
in full line in FIG. 6 or the retracted carry position 
similar to the ?nish scan position shown in phantom in 
FIG. 6. The start or use position is detected by scan 
limit switch 212 and the carry position by a carry limit 
switch 213. The limit switches 211 - 213 are connected 
in the motor logic circuit of FIG; 5 through a plurality 
of AND gates 214, 215, 216, 217 and 218. Gates 214 
and 215 are two input gates connected to establish the 
carry logic signal, with vone input connected to the 
carry contacts of the selector switch 211 and the other 
input connected to the carry limit switch 213. The 
gates 216 and 217 are three input gates and are 
similarly connected to the selector switch 211 and to 
the scan or use limit switch 212 and additionally to the 
?ip-?op 183 and particularly line 102. Gate 218 is con 
nected to scan contacts of the selector switch 211 and 
to the limit switch 213. 
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In summary, gate 214 provides a signal if the opera 
tor actuates the selector switch 211 to the carry posi 
tion but the related limit switch is not activated 
whereas gate 215 provides a signal when the limit 
switch is activated. Gate 216 provides a signal if the 
operator sets the switch 211 to the use position for 
establishing a scan operation, the use limit switch 212 is 
not activated and the scan signal appears at the control 
?ip-?op line 102, whereas.the related gate 217 pro 
vides a signal when the use switch 212 is activated. The 
final gate 218 indicates an actuation of the start button 
without the arm retracted for scanning a bone as in 
dicated by actuation of the carry limit switch. The out 
puts of the several gates 214 - 218 are connected to the 
several coupling OR gates 152 to the forward and 
reverse ?ip-flops 151 and 160, as shown by the input 
lines corresponding to the numbers of the gates 214 
through 218, inclusive, and all gates 214 - 218 are 
similarly connected to the separate reset terminals of 
the gates 166 and 167 through OR gates 219. The logic 
switch gate 218 is also connected to the second input of 
the gate 184 to control the control or inhibit ?ip-?op 
183. 

ALTERNATE EMBODIMENTS OF THE 
INVENTION 

FIG. 8 shows'an alternate embodiment of the inven 
tion wherein a novel count rate meter addition circuit 
221 is inserted between the count rate meter 34 and the 
log converter 35 to increase accuracy of response 
where the source establishes a random monoenergetic 
energy. _ 

It has been found that one of the chief contributors 
to error in scanners employing radioactive sources is 
the statistical nature of the emission from such sources. 
If the count rate meter 34 is made fast enough to easily 
detect the edges of a bone when scanning at 1 mm per 
second, large errors may be generated. When making 
absorptometric measurements such as these, it is 
desirable to have the medium being scanned absorb a 
relatively large amount of the original beam so that- the 
absorption curve will be well defined. If, however, the 
absorption is too great, the counting rate must be 
averaged over a longer time period to obtain accurate 
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results because the final calculations involves taking ' 
the logarithm of the count rate ‘and the logarithm of 

' zero is minus infinity. In other words, if during the time 
over which the count rate is averaged, the radioactive 
source because of its statistical nature happens to be 
putting out fewer gamma photons, the conversion to’ a 
logarithm may result in a disproportionately large con 
tribution to the ?nal integral, since ?uctuations above 
and below the mean value do not cancel each other in 
magnitude. 

In order to remedy this situation, the count rate 
meter 34 is selected with a relatively fast response time. 
The circuit 221 includes a low pass filter consisting of a 
resistor 222 and a capacitor 223 which is connected to 
the output of the count rate meter 34 and its im 
pedance values are such as to give a rise time suf? 
ciently short (e.g., 0.05 seconds) to allow detection of 
the bone edge during rapid search. A second capacitor 
224 is connected between resistor 222 and ground in 
series with a resistor 225, and in a parallel path in series 
with the drain-source impedance of a ?eld effect 
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transistor 226 whose gate is coupled to the collector of 
a control transistor 227. Resistor 225, which is relative 
ly large relative to resistor 222, has little in?uence in 
grounding capacitor 224 but provides a current path 
through which the voltage across the capacitor can be 
established at approximately the correct value during 
the search forward operation and prevent generation‘of 
undesirable transients when the transistor is switched 
on. The base transistor 227 is connected by an OR gate 
228 to receive a measurement mode signal which is 
present when either the measure high speed forward 
?ip-flop 166 or the measure low speed ?ip-?op 167 of 
the motor logic circuit 40 are set (see FIG. 4). It will be 
recalled that one of these two ?ip-?ops will be set when 
a scan measurement is being made and will therefore 
be reset during initial scanner movement. Accordingly, 
transistor 227 and ?eld effect transistor 226will be off 
prior to the initiation of a measurement. Since the im 
pedance of the ?eld effect transistor 226 is very high 
and resistor 222 is very large, capacitor 223 is effec 
tively out of circuit until transistor 226 is turned on and 
the time constant of the circuit as a whole is governed 
by the resistance of resistor 222 and the capacitance of 
capacitor 223. When- a measurement mode signal oc 
curs during a measuring operation, transistor 227 will 
be turned on and turn on ?eld effect transistor 226, and 
thereby grounding the lower end of the capacitor 224. 
The time constant of the circuit is now provided by re 
sistor 222 and the sum of capacitors 223 and 224. This 
new time constant is chosen to be large enough to con 
trol the logarithmic errors introduced by statistical 
?uctuations in the radioactive source. 

In this manner, the time constant of the output of the 
count rate meter 34 is made relatively short during the 
search mode, so that the bone edge may be readily de 
tected during forward search and is made relatively 
long during the measurement mode so that the statisti 
cal variations of the radioactive source will not in 
troduce substantial errors. ' 

The output of the count rate meter 34 may be cou 
pled to .the log converter by an operational ampli?er 
229 which is connected as a voltage follower. 

It has been determined that a substantial source of 
error in performing in vivo measurements is movement 
of the subject. For example, the radius of an adjult 
human male is about l.5 cm in diameter so that an arm 
movement of only 1 mm introduces an error in mea 
surement of approximately 7 percent. Accordingly, the 
integrating circuit 37 may be provided with memory 
and averaging means for averaging a plurality of bone 
tissue signal measurements made in several-sequential 
scans. In addition, the motor logic circuit 40 may be 
provided with automatic cycling means for returning 
the scanner 10 to the reference position outside of the 
bone being measured after each of a predetermined 
number of measurements until a plurality of measure 
ment scans have been performed. In this manner, not 
only will the effects of subject movement be minimized, 
but the effects of the statistical nature of the source will 
also be further reduced. 

In the illustrated embodiment, the timing and control > 
means is interconnected to automatically establish a 
complete sequence in response to operation of the start 
unit 42. Within the broader aspect of this invention, 
such means may of course‘ be modi?ed to require rou-v 
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tine operations such as actuation of a further push but 
ton type control. For example, rather than having the 
second delayed pulse at line 51 which is generated after 
establishing of the reference signal actuate the motor 
143 to establish a slow scan, the apparatus could be 
constructed to maintain the stopped condition and illu 
minate a lamp when the slow scan would normally be 
initiated. A second or continuing unit would be 
manually actuated to start the slow scan. The operator 
would merely actuate the initial start unit, wait for the 
light, and then actuate the continuing button with the 
apparatus completing its sequence in the same manner 
as previously described. The modified apparatus would 
provide the automatic referencing and ‘storing function 
as well as other functions subject to operator variabili 
ty. 

Further, the scanning beam 20 provides the dual 
functions of searching for and locating the bone and of 
scanning the bone to establish the tissue reference 
signal and the bone-tissue signal. If desired, separate 
beams may be employed as part of a total beam means 
to provide 7 the various 7 functions. For example, a 
separate search beam may be provided which'is similar 
.to or different from a scanning beam. ,Any beam em 
ployed must, of course, be able to detect the intercep 
tion by the bone. 
As those skilled in the art will further appreciate, 

many of the functions performed by the structure enu 
merated in the description of the preferred embodi 
ment of the invention may be performed by other ap 
paratus as well. For example, digital techniques may be 
employed where analog systems have been described. 
Although- the referencing for the base line is shown 
with a period in which the beam 20 is held stationary, 
the sensing of the tissue equivalent specimens and 
storage of the signal can be made with a continuous 
scan movement by appropriate controlled timing and 
scanning movement. Further, the apparatus could be 
construed to provide for the automatic referencing of 
the base line during the initial forward search move 
ment by appropriate locating controls related to the 
physical construction of the scanner and the means to 
hold the limb to actuate thereferencing circuit during 
the initial forward movement. In addition, the tissue 
reference signal could be subtracted from the measure 
ment quantity after separate integration of the signals 
has taken place rather than before with apparatus hav 
ing meanszfor setting the reference base line in a sam 
ple-and-hold circuit, integrating this value for the same 
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length of time as the measurement signal, and then sub- . 
tracting the results of the two integrations. The tissue 
reference signal could then be established before or 
after . the bone-tissue signal is obtained. Another 
method of cancelling the reference count rate is to in 
troduce this signalinto the log converter 34 in such a 
way as to shift the converter‘s reference current so that 
the output is zero. 

Further, the width of the measured bone may be 
established by a clock-driven digital accumulator or the 
like by a suitable timing means responsive to the pulse 
signals previously described which correspond to the 
onset and termination of the penetration of said bone 
by said beam. This would avoid the necessity of 
calibrating the bone width readout means. A similar 
digital accumulation (integration) could be performed 
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on the bone mineral portion by applying the output of 
the automatic zero circuit to a voltage-to-frequency 
converter. 
The present invention thus provides a highly im 

proved bone mineral analyzer which is particularly 
adapted for clinical instrumentation and which can be 
operated by personnel with minimal skill. 

Various modes of carrying out the invention are con 
templated as being within the scope of the following 
claims, particularly pointing out and distinctly claiming 
the subject matter which is regarded as the invention. 

I claim: 
1. A bone .mineral analyzer for determination of the 

mineral content of a bone surrounded by a tissue cover, 
said analyzer comprising 

scanning means including a beam detection means 
and a beam producing means establishing a 
penetrating beam means directed to said detection 

7 means, said beam means including a scanning 
beam with a selected essentially monoenergetic 
energy portion selectively absorbed at one absorp 
tion level per unit thickness by said bone in ac 
cordance with the mineral content of the bone and 
at another different absorption level per unit 
thickness by the tissue cover, said scanning means 
establishing an output proportional to absorption 
of said selected monoenergetic portion of the 

~ scanning beam, _ 

support means including an absorbent tissue 
equivalent material located to cover said tissue 
covered bone and defining an arti?cial profile for a 
non-bone tissue reference specimen and a bone 
tissue specimen, 

drive-meansto establish relative movement between 
' said beam means and support means and thereby 
effect scanning of a selected portion of said 
specimen including the non-bone and bone 
specimens, - 

bone edge sensing means connected to said detection 
means for sensing the interception of said beam 
means by said bone, 

signal receiving means connected to said detection 
means, said signal receiving means including auto- y 
matic referencing means responsive to predeter 
mined alignment of said scanning beam and the tis 
sue reference specimen to establish . a tissue 
reference signal and including, control means 
responsive to said bone edge sensing means and 
connected to said drive means for determining 
bone scan movement of said beam during which 
said beam is intercepted by said bone, to establish 
a bone-tissue signal related to beam absorption by 
the bone-tissue specimen throughout ‘said bone 
scan movement, and 

readout means for comparing said tissue and bone 
tissue signals to establish a bone-related output 
functionally related to the absorption of said beam 
by the bone of said tissue-covered bone. 

2. The bone mineral'analyzer of claim 1, wherein 
said beam is an essentially monochromatic energy 
beam of emitted radiant energy and said detection 
means comprises a collimated detector associated with 
said ‘receiving means to establish output energy pulses 
in accordance with the relative level of the emitted 
radiant energy, 
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discriminating means to transmit energy pulses 
within a selected range, and 

means to establish a pulse signal output related to the 
average of the pulses per unit of time. 

3. The bone mineral analyzer of claim 1, including 
means associated with said control means and said 
bone edge sensing means and responsive to alignment 
of said beam means and the leading edge of the bone to 
align said scanning beam with said reference specimen 
in preselected spaced relation to the bone, . 

logarithmic converting means connected to receive 
said signals, 

storage means to store said tissue reference signal, 
and integrating means having input means con 
nected to said logarithmic converting means and 
to said storage means and establishing an output 
equal to the difference between the integrals of 
said signals, and said readout means being con 
nected to said integrating means. 

4. The bone‘ mineral analyzer of claim 1 including 
logarithmic conversion means to convert the signal out 
put of the detection means to the logarithm thereof, 

storage means to store the signal during said align 
ment of the scanning beam with said reference 
specimen to establish said tissue reference signal, 
and 

integrating means to effectively integrate said-signals 
over the width of the bone and establish the dif 
ference between said‘ integrations to produce said 
bone-related output. 

5. The bone mineral analyzer of claim 4 wherein said 
storage means is a. capacitive means and a resistive 
means connects said capacitive means to the conver 

sion means, and 
switch means responsive to the predetermined align 
ment of said scanning beam with the tissue 
reference portion to increase the time constant of 
the capacitive and resistive means to charge the 
capacitive means to an approximate value at a 
short time constant compared to ?uctuation in the 
scanning beam and to a final value at a relatively 
long time constant. ' 

6. The bone mineral analyzer of claim 4 including a 
summating means having a first input means connected 
to said storage means and a second input means con 
nected to said detection means to establish an integrat 
ing input signal equal to the difference of said tissue 
reference signal and said bone-tissue signal. 

7. The bone mineral analyzer of claim 6twherein said 
summating means is connected to the output of said 
conversion means. 

8. The bone mineral analyzer of claim 1 wherein‘said 
beam producing means includes a radionuclide means 
establishing a random intensity supply, 

said receiving means having a logarithmic convertor 
means to establish a logarithmic signal in ac 
cordance with a selected average pulse rate of said 
beam, 

said referencing means including an automatic zero 
circuit means selectively connected to said conver 
tor and having a capacitive storage means con 
nected to the output of the zero circuit means in 
series with a variable resistance means to charge 
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said storage means in accordance with said. 
logarithmic signal, 

26 
resistance control means responsive to said align 
ment of the scanning beam with the tissue 
reference portion and adapted to actuate said re 
sistance means to increase the resistance level and 
thereby increase the time constant whereby said 
storage means is charged to an approximate value 
at a short time constant compared to the statistical 
fluctuations in the signal arising from said source 
?uctuation and to the ?nal value with a relatively 
long time constant. 

9, The bone mineral analyzer of claim 8 wherein said 
zero circuit means includes an operational ampli?er 
having a ?rst input means connected to said convertor 
and a second input means selectively connected to said 
capacitive storage means and an output means selec 
tively connected to the capacitive storage means in se 
ries with said resistance means, 

switch means connected to the opposite sides of the 
capacitive means to connect said capacitive means . 
to said operational ampli?er, said switch means 
having a ?rst input responsive to the starting of 
said beam means to connect the capacitive means 
to the operational ampli?er in series with a 
minimum resistance and having a second input 
means to increase said resistance and thereby the 
time constant and a third input means to connect 
said capacitive means to said operational ampli? 
er, and ' 

a sequential timing means connected to said input 
means and responsive to alignment of said beam 
means with said bone to sequentially energize said 
input means. 

10. The bone mineral analyzer of claim 8 wherein 
said'drive means includes a variable speed drive motor 
means connected to said beam means to move said 
beam means across said specimen, 

start means to actuate said drive motor means at a 

rapid feed speed to move said‘ beam means to 
rapidly effect interception of the beam means by 
said bone portion, and 

'means responsive to predetermined interception of 
said beam means by said bone to establisha slow 
forward scan speed to slowly scan said bone-tissue 
specimen. 

11. The bone mineral analyzer of claim 10 wherein 
said bone edge sensing means includes a coarse edge 
detection means and a fine edge detection means, i 

said coarse edge detection means being connected to 
control the drive means-and the receiving means 
during said rapid forward movement and said ?ne 
edge detection means being connected to control 
the drive means and the receiving means during 
said scan movement. 

12. The bone mineral analyzer'of claim 8.‘ wherein 
said automatic referencing means includes means 
establishing said alignment of the scanning beam and 
the tissue reference specimen for a predetermined 
minimum period in response to selected interception of 
said beam means by said bone and switching means 
connected to said resistance means to increase said re 
sistance level within said minimum period. 

13. The bone mineral analyzer of claim 12 wherein 
said automatic-referencing meansstops said scanning 
beam in alignment with an area of said tissue reference 
portion, and 
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said switching means is responsive to establishment 
of that alignment of the scanning beam and the tis 
sue reference specimen to increase said resistance 
level. 

14. The bone mineral analyzer of claim 1 including 
means connected to' said automatic referencing means 
and directly establishing said predetermined alignment 
of the scanning beam and the tissue reference specimen 
in response to selected detection of said bone. 

15. The bone‘ mineral analyzer of claim 1 wherein 
said control means includes means responsive to said 
bone edge sensing means to align said scanning beam 
with said tissue reference specimen slightly spaced 
from an edge of the bone. 

16. The bone mineral analyzer of claim 1 wherein 
said drive means includes timing means holding said 
scanning beam in stationary alignment with said tissue 
reference portion for a selected period to average the 
intensity of the scanning beam and store reference volt 
age and for movingsaid scanning beam forwardly to 
traverse ‘said bone-tissue specimen at a selected 
scanning rate after said selected period. 

17. The'bone mineral analyzer of claim 1 wherein 
said drive means includes a variable speed drive motor 
means connected to said beam producing means to 
move said beam means across said specimen, 
start means to actuate said drive motor means at a 

rapid feed speed to move said beam producing 
- means to rapidly effect interception of said bone 
portion by said beam means,‘ and 

means responsive to selected interception of said 
' bone by said beam means to establish a slow for 
ward scan speed to slowly scan said bone-tissue 
specimen. 

18. The bone vmineral analyzer of claim 17 wherein 
said drive motor means is reversible and is operated in 
the reverse direction at said rapid feed speed response 
to the interception of an edge of said bone by said beam 
means and is thereupon operatively disabled to alignv 
said beam means with said tissue reference portion for 
a holding period and then is operated at said slow for 
ward scan speed. I - 

19. The bone mineral analyzer of claim 17 wherein 
said drive motor means includes a plurality of different 
slow scanspeeds, and ‘ . 

said analyzer‘includes means to select different ones 
of those speeds in accordance with the power level 
of the beam producing means and to effect cor 
responding adjustment of the bone related output. 

20. A bone mineral analyzer of claim 17 wherein a 
said bone edge sensing means including a coarse edge 
detection means and a ?ne edge detection means, said 
coarse edge detection means being connected to con 
trol the drive means and the receiving means during 
rapid forward movement and said fine edge detection 
means being connected to control the drive means and 
the receiving means during a bone scan movement. 

21. The bone mineral analyzer of claim 20 wherein 
said coarse edge detection means includes a level de 

tector, 
an electronic capacitive coupling circuit connecting 

said level detector to the output of a logarithmic 
convertor and having means to vary the time con 
stant of the coupling circuit, 
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means responsive to starting of said drive means to 

increase the time constant after a selected time 
period, level detection means associated with said 
?ne edge detection means and connected to the 
logarithmic convertor, and _ 

interlock means connecting said ?ne edge detection 
means to the output of the coarse edge detector to 
inhibit said ?ne edge detection means until said tis 
sue reference signal is established. 

22. The bone mineral analyzer of claim 20 wherein 
said ?ne edge detection means is connected to respond 
to the signal established by engagement of the beam 
with the bone, - 

said analyzer includes an inhibit means'which holds 
said ?ne edge detection means off and which is 
responsive to establishing of said tissue reference 
signal to release said ?ne .edge detection means, 
and 

said readout means including an integrating means 
connected to said fine edge detection means and 
responsive to the interception of said beam means 
by the leading edge of said bone to initiate integra 
tion and to the interception of said beam means by 
the trailing edge of said bone to terminate integra— 
tion. 

23. The bone mineral analyzer of claim 22 wherein 
said ?ne edge detection means includes a level detec 
tor, and 

said analyzer includes logic circuit means having a 
first input connected to said level detector and a 
second input connected ‘to said inhibit means. 

24. The bone mineral analyzer of claim 1 for analyz 
ing a tissue covered bone including a first bone and a 
second bone spaced from the first bone within a com 
mon tissue cover, said analyzer including 

a presettable selection means included in said drive 
means to control said drive means to respond 
selectively to interception of said-beam means by 
the edge of a preselected one of said first and 
second bones and to actuate said receiving means 
to establish'said bone-tissue signal. 

25. The bone mineral analyzer of claim 24 having. a 
detector establishing a ?rst pulse in response to inter 
ception of said beam means by. a bone and a second 
pulse of an opposite polarity in response to termination 
of interception of said beam means by a bone, 

a ?rst bone logic means connected to said detector 
and having a ?rst output means connected to actu— 
ate said drive means, 

a second bone logic means connected to said detec 
tor and connected to actuate said drive means, 

a second bone control means connected to the detec 
tor and responsive to said second pulse to condi 
tion said second bone logic means for operation, 
and _ 

said selection control means selectively enabling one 
of said logic means, whereby interception of said 
beam means by the leading edge of a preselected 
one of said ?rst and second bones actuates said 
drive means. 

26. The bone mineral analyzer of claim 25 wherein 
said detector includes a time-delay means operativelyv 
disconnecting said detection means for a selected 
period after starting of a scan cycle.v 
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27. The bone mineral analyzer of claim 25 wherein 
said level detector includes a timing pulse means actu 
ated by a search start signal, 

a coupling capacitor connected to the detection 
means, 

a triggered impedance switch means connected to 
- said capacitor and to said timing pulse means to 
control the time constant of said coupling capaci 
tor in response to the operation of the timing pulse 
means, . 

a high input impedance electronic switch connected 
to said capacitor, ’ 

a level responsive trigger circuit connected to the 
electronic switch, and 

av differentiating means connected to the level 
responsive trigger switch to differentiate the out 
put and establish said output pulses. 

‘ 28. The bone mineral analyzer of claim 1 wherein 
said beam source is a radionuclide source establishing a 
monochromatic collimated gamma ray in the range of 

i 20 to 80 kev, 
said- signal receiving means including a gamma ray 

detection means connected to a signal averaging 
,means to establish an output signal proportional to 
the average gamma ray photons received per unit 
ofl'ti'r'ne, 

log conversion means to establish a logarithmic 
signal proportional to said output signal, and 

an integrating means having input means connected 
to said conversion means to integrate the 

‘ logarithmic signal, said integrating means having 
means to integrate said tissue reference signal and 
said bone-tissue signal and establish the difference 
therebetween to produce said bone mineral output 
signal. . 

29. The bone mineral analyzer of claim 1 wherein 
said support means includes a means de?ning a 
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selected specimen support area, said drive means hav- 4O 
ing a plurality of output speeds including at least one 
rapid search speed and one constant rate scan speed, 
means defining a ?rst home position of said scanning 
means at which said beam is spaced from said bone 
support area, 7 

start means actuating said drive means to move said 
beam means forward of the specimen support area 
at a rapid search speed, 

said bone edge sensing means being responsive to in 
terception of said beam by a bone ofsaid tissue 
covered bone to terminate said forward movement 
of the beam apparatus, and to retract and stop said 
scanning means to align the beam with said tissue 
equivalent cover, said receiving means having a 
signal storage means and establishing said 
reference signal in said storage means during the 
period said beam is stationary, 

scan initiating means to initiate movement of said 
scanning means forwardly at said scan speed, 

means responsive to the second interception of said 
beam by the bone of the tissue-covered bone to ac 
tuate said receiving means to establish said bone 
tissue signal, 

said receiving means including a summating means 
having a first ‘input connected to said storage 
means for said tissue reference signal and having a 

' second input connected to receive said bone-tissue 
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signal to establish an output related to said absorp 
tion characteristic of said bone, and 

an integrating means connected to said summating 
means and to said readout means to establish a 
direct reading of said characteristic of said bone. 

30. The bone mineral analyzer of claim 1 wherein 
said support means includes means de?ning a selected 
specimen support area, and in which said beam produc 
ing means includes a radioactive source emitting a 
gamma ray scanning beam as said scanning beam, 

said'drive means for said beam means including a 
plurality of output speeds including at least one 
rapid search speed and one constant rate scan 
speed, said beam means having a first home posi 
tion spaced from said support area, 

start means actuating said drive means to move said 
beam means toward the specimen support area at 
a rapid search speed to locate the bone of said tis 
sue-covered bone and to move said scanning beam 
over said bone at a substantially slower scan speed, 

said detection means including a gamma ray beam 
amplifying detector to establish a train of pulses, 

a count rate meter connected to said beam detection 
means and having a rapid response to establish a 
signal proportional to the intensity of the gamma 
ray pulses, ' 

a logarithmic convertor, and 
coupling means connecting the count rate meter to 

the logarithmic convertor and having a ?rst re 
sistance capacitance circuit with means to vary the 
time constant between a small time constant 
selected to establish accurate detection of the 
bone edge during the rapid search and a large time 
constant selected to compensate for logarithmic 
errors associated with the statistical ?uctuation in 
the radioactive source during the scan speed. 

31. The bone mineral analyzer of claim 30 wherein 
said resistance-capacitance circuit includes a coupling 
resistor connected to the output of the count rate me 
ter, 

a first capacitor connected in series with the resistor 
to a reference potential, 

a second capacitor, 
a switch means connected in series with said second 
capacitor and in parallel with said ?rst capacitor, 
and ' 

means responsive to establishment of said scan speed 
to establish a measurement mode signal and to ac 
tuate and close said switch means and connect said 
second capacitor in circuit. 

32. The bone mineral analyzer of claim 31 wherein 
said switch means includes a ?eld effect transistor con 
nected in series with said second capacitor, 

a resistor in parallel with said ?eld effect transistor, 
and 

a switching transistor connected to hold said ?eld ef- > 
fect transistor off and responsive to establishment 
of said measurement mode signal to turn said 
transistors on. - 

33. The bone mineral analyzer of claim 30 having a 
differential discriminator means coupled to the beam 
detection means and to the rate meter to transmit pul 
ses within a selected range. 

34. The bone mineral analyzer of claim 1 having con 
vertor means to establish an analog logarithmic signal 














