United States Patent s 3,706,877
Clifford, Jr. et al. (451 Dec. 19,1972
{541 DENSITOMETER HAVING AN 3,185,820 5/1965 Williamsetal........... 235/151.35 UX
ANALOG COMPUTER FOR 3,187,168 6/1965  Strickler.......occovcivnrcnniiinnneed 235/183
CALCULATING A FRACTION OF THE 3,251,055 5/1966 Mclatoshetal...................... 340/347
3,259,733 7/1966 Klaveretal........... ...235/61.6

TOTAL AREA UNDER A CURVE 3,335,408 B/1967 Oliver..........ceceeeenenen...... 340/117.5

[72] Inventors: George F. Clitford, Jr.; Robert C.
Woodward, both of Natick, Mass. Primary Examiner—Eugene G. Botz
; . . Assistant Examiner—R. Stephen Dildine, Jr.
73] A : Clifford Instru ts, Inc., Natick,
[73] Assignee Mas:. r siruments, Tne., Natic Attorney—Richard P. Crowley and Richard L. Stevens
[22] Filed: Jan. 18, 1971 [57] ABSTRACT
{211 Appl. No.: 107,140 A densitometer which provides complete elec-
trophoresis results on a single sheet. An electrophore-
Related U.S. Application Data sis sample is scanned by a beam of light energy. The
[63] Continuation of Ser. No. 27,067, April 9, 1970. light energy transmitted through the sample is con-
verted to an electrical signal. An analog trace of the
[52] U.S.CL...235/151.35,235/61.6 R, 235/61.6 A,  density profile is made on a recording chart. At the
250/219 QA, 346/29, 346/13, 346/30 same time, the tota! area under the curve is integrated.
[S51] INE.ClL......eoer e verercrarereeed GO1d 1/04 After the trace and integration have been completed,
[58] Field of Search.346/13, 30; 235/61.6 R, 61.6 A, the portions of the trace from which additional infor-
235/151.3;250/219 QA, 222 R, 222 PC mation is required such as area percents and protein
levels are marked. The sample is rescanned and rein-
(561 References Cited tegrated within the selected portions of the trace. The
UNITED STATES PATENTS area percents a.nd Pr_otein levels are printed on the
recording chart in digital form when the rescanning of
2,834,247 5/1958  Pickels.....ooovvviiriererrinnnen, 356/199 the selected portion of the trace has been completed.
2,872,106 2/1959 Steele ........ ..235/61.6 B
3,098,689 7/1963 Caflishetal,...........c.u........ 346/13 X 27 Clalms, 17 Drawing Figures
A - - D Bl
OPTICAL : AMPLIFIER INTEGRATOR :
SYSTEM ™1 AND SIGNAL AND |
FIG. 3 . LCONDITIONING SCALER | |
! [ ] S
I MODE !
t | SELECTION !
. LT - ==
r l
ANALOG PEN UNIT DIGITAL PRINTNG
RECORDER CONTROL DRIVE SYSTEM
FIG. 8 FIG. 7 " FIG. 6
ot
| COMPUTER :
|



PATENTEDDEC 19 1972 3.706,877
SHEET 01 0F 11

:_—-'—__—-T:IT;._S _______ 1

OPTICAL | | AMPLIFIER INTEGRATOR :

SYSTEM == AND SIGNAL AND |

FIG. 3 \ conDITIONING SCALER | |

| [ 11 |

| MODE *

i | SELECTION f

L T T e e — e e =
ANALOG PEN UNIT DIGITAL PRINTING
RECORDER CONTROL DRIVE SYSTEM

FIG. 8 FIG. 7 FIG. 6

.
Fi 5 : COMPUTER :
G. o |

INVENTOR
GEORGE F CL';“F,:FoaD JR.
BYROBERT C. WOODWARD

CM/ & as /;LiUIA{
p
ATTORNEYS



PATENTED 0EC 19 1872

3.706,877
SHEET 0Q20F 11
22
/26 (28
, / Ss ) / 30 32
/ @ H
H -
I
|
I - et
I
‘i‘ ] 34
POWER |24 < Z 1T 7 -
37— =36 38
G kg,,_ a TO
=7 LoGic
46 20
FIG. 3 I o
LOGIC

+
012345678910

FIG. 4A

INVENTORS
GEORGE F. CLIFFORD JR.

BYROBERT C. WOODWARD

() '&;‘4{/(7 & S lessiris
ATTORNEYS



3.706.877

PATENTEDOEC 19 1972

SHEET Q3 0F 11

G 9ld

103d1d

X

NOILONN 4

ss”

d31Y3ANI

HOLVH93ILNI| NvOSIY
65-1 v3d
WN9IS 4
.141 HOLVHVIWOD A
(]
22
o9” |
HOLVN9ILNI
NY3L 1Vd \
IVLOL NVOS
86~
~ W3LSAS 43040 3Y
ONIQHOI3Y Ol 90TV NV T
95’

HYINIT
vs”

H3LY3ANI

9071

7

2s

%mm M >
O g W
TDW . i
zZa3 @
woa o
ZLs =
5% w <
Qo
Fm M
V3]
20
o
& o
314 1INdWVY
(0]¢]
W3 LSAS
v2l1ldo
WNOH 4



3.706,877

PATENTED DEC 19 1972

SHEET QM OF 11

avia

Vo
Jvliolg S
oL G g
” W3LSAS ONISN3S Eo
i ATTIVA Wousd 235
>SLo
zZu2
3o ©
9 914 S3S7Nd INIyd 1041NOD o
21907 WONS @
Hv31) Iy wi
| {  TsnvaL oo
s Y4
89 SE
] 10s W
229
SY3LINNOD
% IVIYI LYW viva
4
~_ S133HM 431dvav
~ 1NNOD
oL INItYd |
a9 — 108 |
az29 ¥31dvay
SY3ILNNOD WYNO TN
% VIV v1iva
. ST33HM n M31dvav
INNOD ]
ol — 41Nidd S,%
N\
°v9 L ! 958
°ed IVNOIS %
VLiva

ATTORNEY



3.706,877

PATENTED DEC 19 1972

SHEET QS OF 11

— [
- W3ILSAS 3AINA ONIINIYd 1v1ii9ia oL xa >
B : ¥3ILNNOD mJW f
- W3LSAS 3AIEQ ONILNINd W1i9id 0L 55 Zz8 N &
>0 -
- . zi 8 i
HOLOW 9NIdd3LS 430480034 OL 1IAV Y L 34 ZLE W
o
=
L 914 - i
of
- — S
v% GOLOW ONIddOLS WILSAS TWDILdO OL B 28 6 @&
TSvi , 033% HO1wyaNI9 35N
MO1S Y3INNVIS
43040034 _NO
-~ JOMINGO LINN HOLIMS NOILVNIWG3L WOY
NVDS NO HOLIMS NOILVNINGIL WO
- HOLIMS
¥30¥00 3N cg1 M31s
——— 410 NI
o —— ANI NI . NI3LO¥d TWLOL |
@.a.om._ L ¥37dILINw
¥3QqH003Y B v ‘ANI 907 WIE3LYN oL 2] 6] 0]
90TVNV 0L . *aog -
— X ‘ONN4 8’
vl
9L
HOLVH9I LN NvOS3y I HLONI1 NVOS |
*—yig— NI muz»qqozwmmﬁ SAITIVA 10373 O 05
"NOILv493 INI *—ANI—NIT Nvos [ GZe A s 001 |
(o)} —ANI-901 be 431NNOJ 0L 1353y _U_
2| e X NN NMOQ dn 13N TOY¥LINOD | _




PATENTED DEC 19 1872

o pan—

3,706,877
SHEET CBOF 11
N
— ] ]
=3 T 855 o |
- u4_)//’ - & O . [:;j
AT
| \HZ//

[

[
!
t

~ _—[——%
u__;U 4

101

5o S,

_jc

RESCAN

D PRETRAVEL

FIG. 9b

INVENTORS
GEORGE F. CLIFFORD JR.
ROBERT C WOODWARD

%ém

ATTORNEY



3.706.877

PATENTEDDEC 19 1972

07 0F 11

SHEET

14 —4
8811 1+ VeIl |-
o aeli vell =
HLD
o810 13AvHL 3Md 0L $35INd o1z _
3LNNOD NMOG/d 357
o _Y31N0OD NMOTN 0L $35TNd ﬁ .
yrie A
AT}
212
.L%,_ y
Dd 3A1Q HANNYIS)S3STINd AT uolOw
mzmo HOLOW N3NNV3S ﬁ otk m sg A1 3 os
. . .,ﬂ..rlu .
ﬂ W 0s o— azi
H19N3T
Vo8
vVEiZ =
00! o
..wmmm%wzm__nﬁwww 4308003y = 012
- TN S
OBHOLOW ONIJJILS "D3d 0L SIS
JA1H0 YO10W ASSv I9aINE 9’3 AHOI 09,
1RSIy HOLON
«LHOIM 09, I HOIOW a o—
o Nidd31's KlaN3SSV 35010 1 M3Ts oz NS
o 1331M3S . No— gz
“| = . ﬁ aen [
8l o
[2 4]
T —|NVIS
—38,-3u
wr
£ ol -
=11 o l
mu" 13s3u¢ v - am
a | o ’ o
I
|
L

HOLMS LN L M8 M’u.

d/4 M/S
—O  Nvos3y

YINNVDS NV
—O 034 "HILIMS
LW IHory

O ON9

—OMS NvIS

¥8 H3IINNOD
NMOQ/dN W4
TAD 40 N3

vil



3.706,877

PATENTED OEC 19 1972

SHEET 080F 11

vl Ol1d

O (404

LNNOWV

TVIHILVN

ONVWIOD
1NIdd

o—d 1y

JOHLNOD LINN
Ol T13AVYL3Hd
40 GN3

-4

F——— =

819

__
~
_
|
_

q.l19

PII9

INVENTORS
ATTORNEYS

GEORGE F. CLIFFORD JR.
ROBERT C. WOODWARD

BY

|
.

Irle 31v9
TOH1INOD

1IN WOH 4
NI $357Nd

98 Y3ILNNOD TIAVHLIINd —




PATENTED DEC 19 1972 3,706,877
SHEET QS 0F 11

To)
! ! o
\\ (T
<
o8]
o
LJ
|,_
<
o
(o}
Q
=
— S
[a]
®m a
n s}
(&)
N
o
< m
o ]
75} 0
INVENTORS
I) (@ o <) (@ GEORGE F CLIFFORD JR.
Bl |3 5 zl 15 ROBERT C. WOODWARD
e at LI M f Lrvens
Aot t:’q,»()(q; s 3 E n/l
oo §7 8 D« o w ATTORNEYS



3,706,877

PATENTED DEC 19 1872

SHEET 100F 11

FEDIE!

99, 8., 9,
TOHINOD 31040 INIud / [ NVOS3Y I'saHoLiMs LIWT
STINAON 5555 ¥3ildvav]  |Sg3NaNNH A RIED] ¥3LNN0D | 39Q1MB  fyginivs NuaLivd
INI¥d 96 Wvy9 IVIHILYW M3AVHLINd [ LMVLS B_39014d
SN31
IVINILVA ﬁ -1T77IN S vLOL Y304¥0034
_Imw.rﬂm_\,lzo llllllll T —n W3ISiS SNIINTaT INVOS3H NY3LIvd 1uvis
0
' vinas R Vi s __ 390149 ¥3Q4003Y v8) SIHOLIMS T3INvd |
Il oL aog ol 028 oL d58 | 40 QION310S NV0S3y mwwﬂ.w@mw :
L — JBvouaidvav § — Inmd _ 1 _ 13535 6 uadsnval 43 LNNO3 Iy oa | ! ,
: . 4 NMOQ dn 2o L \
———d b e 65 IMyvos !
S3LV9 _. EICE) T s31vs | | ¥31NNOD T NYIS3¥ 40 aN3J 08 !
muuw__zﬁ_._. _ mEJzS; || muh_m_"<5 __ NvIS3y TOMLNOD INIHd TONLINOD
_ NVIS3H TVIHILVN LINn
¥3INN0D || | ¥3LNNOD ! 1| ¥3iNnoo] | ﬂ TvioL v i
3gy3a 3qvoza 3gv23q c3sng|[L3S3Y
ﬂhz: ILsNaL |, ||sa3yannk] | EAA MOSN3S IAING
I | | 4 i AITIVA NyJIS3y
029 Lol |1, P20 NvOS3Y HOLVHVINOI M09 VA SATTIVA | |06l oNiusiaLs
¥oLo313s | | ¥oLdI1as yoroiqas | B 1ol LOAR _
viva . viva | | “viva | AN
— ™ e L L[] T o
WaAINNOS 3INNOD | | ¥a1Nnoo S - S1HOI7 300W 3AINQ 390188
3gvo3a i1 3gvo3a 3avodq | | ¥3LNNOD - HOLIMS H3Q¥093 N
SLINN SN3L | I | {sa3¥aNnH] | v3¥vY vioL _
1 _ 7 | [ NOILNN 4 llullJ
saLvo 1|, s3awe 1 ' sawe | | ig HOLVH9ALNI 3AING
H3JISNYYL H3JdSNvyL| | |u3dsNwil ¥3l¥IANOD | — e d HOLONW
g === === AON3NDINA bS ONidd3Ls
V$9 HOLdvav ¢ INI¥d | Ol 3I9VLI0A HILHIANI e T
H3IIYIANOD| |¥ILYIANOD HILYIANOD| | i ¥ V3N ﬁ
IviNas ALER wiEas | Y3IHSVd t HOLIMS NIVO ”
0l gog 01 Q08 01 @28 0oy3z HOLIMS I Nlm Fqu,Q( 0437 1
== = - —=F -~ ———< F ——_l NOLLONNS ¥3QHO023Y | e1 MILNIANI |
3A1H8Q N3d ‘Hig NI : Pl | oIWHLINYS0T / HIANNVYOS
S3INCONW T ETFILE £ @O T OANI N+ 4
mm&.._qn__wmmz 1353y 114 T1dHY ANI 9071 ; "A.Ezo_tov B = ¥01593130a
A 4398003y —arRels O X oNng O | MOLYMINGD e N313gny | IAHLISN3S
95 90TYNY cq .- NOLONN | NINNvOS | OLOHd




3,706,877

PATENTEDGEC 19 {972

SHEET 11 0F 11

o . w
. — @ >
ININd 0L N_ @_h_ wuwm% b mww =
e Py
GNVAINOD QION310$ mw AW mmw m
T -
g 7| 28 2
glg  — oF >
ﬁ H .Wu| iy wo
AW -
m»wwm._m:% Holg 460¢ 6oc |- Ljgoel [dsoe —O ox
8 g [ v g v swug L)
Or— _.:.W g X192 o Lo - oL a0 - L O >
AL \d Om
SAITIWALL 2 T T _
q ¢w.2M..LI = M A0
SY31dyav_LNINd A X vmv vﬁ\ (Lsvd)
Mw S3ISTINd LNid¥d J\m . : — .-O%._.ZOO 1INN
a0¢ 1 %0012
—MRe e Holg o1 D_Eo._mv
v S O 1NOD
NN OL
O— %19 T sWoz 3015
3D
4 O : OL1OHd
22ie alg a
T . -
¥34SNvul O3ST +'0 \&i T \eoe 208 vaie
229 O 8zle A\szszzoo
.

929 Y3 tsro gilg . NG
029 L qu 1)’ T O
S¥015313S NY2S3Y

viva wiva . viig
oL LIgIHN] T = -
ot [ 9Ig [ | =
O~ ﬁ 8 v logf Bog B v F

: - 1139
\_D3IST 40 _ ol

B Sy Y i o O

xa.dm% .Wm_&.._ O mu SANVINWOD

100 37040  ANRd
ONVWWOD ININd 03003 1NIN¥d 1MViS



3,706,877

1

DENSITOMETER HAVING AN ANALOG
COMPUTER FOR CALCULATING A FRACTION OF
THE TOTAL AREA UNDER A CURVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. Ser.
No. 27,067, ELECTROPHORESIS DENSITOMETER
MODEL 345, filed Apr. 9, 1970.

BACKGROUND OF THE INVENTION

Zone electrophoresis has been used in clinical
laboratories and where used, there has always been a
need to translate a quantitation of an amount of materi-
al such as, for example, dye stained protein to a report
form.

Prior methods and equipment used for density deter-
minations of the dyed strip have been unsatisfactory for
producing quick and accurate laboratory results. For
example, one method which has been used involves
cutting strips into different sections and then eluting
the dye from each of the sections. After extraction of
the dye, the optical density of the eluting solution is
measured and the resulting values are plotted on a
curve as a function of the distance along the original
strip. It is clear that this method is time-consuming and
requires many laboratory operations. Another method
which has been used for this purpose is to saturate the
electrophoresis strip with an oil to make it more trans-
parent. The paper is passed over an illuminated slit and
the amount of light passed through the paper is mea-
- sured by suitable electric means. Again a curve is ob-
tained as a function of distance along the paper strip.
This method has the disadvantage that any variation in
output of the light source leads to error in determina-
tion of the density. Still another method currently em-
ployed, see for example, U.S. Pat. No. 2,834,247, em-
ploys a mechanical ball and disc integrator which
traces a series of pips under the densitometric trace.
Each pip represents a defined amount of area under the
densitometer profile. The operator then determines
where components started and stopped, counts the pips
under each peak, totals all the pips, and then calculates
an area percent value. A further method employed is to
use an electronic voltage-to-frequency converter to ac-
tivate solenoids which draw area pips under the curve
trace. A still further method used is to scan the elec-
trophoresis pattern repetitively sensing the transmitted
light and projecting the density profile on a cathode ray
tube. The operator adjusts the base line, sets gates to
cause a total area integral of the pattern, and adjusts a
meter to read 100. The integration gates are set for in-
dividual peaks and the operator reads the area value
from the meter. However, with this method no record is
made of the decision by the operator on which valleys
were selected for the particular area percents. All of
the above methods each have distinct disadvantages
either by being too time-consuming or too inaccurate
and further requiring translation of results to a final re-
port form.

SUMMARY OF THE INVENTION

We have developed a unique apparatus and method
whereby complete electrophoresis results can be pro-
vided on a single form and which apparatus and
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method eliminates the necessity of the manual record-
ing of data. In our invention the electrophoresis strip
material is scanned and the light transmitted through
the sample is received by a photometer. This trans-
mitted signal is generally directly proportional to the
amount of the light transmitted through the elec-
trophoresis strip. An analog trace of the pattern is
recorded on a chart. At the same time the profile is
being recorded, the area under the profile is integrated
and this value is stored. The operator through marking
the chart on which the profile is recorded selects por-
tions of the profile from which portions the material
amount levels and area percents are to be determined.
The total material in the sample say for example, the
total amount of protein, is stored in a calculation
system in the densitometer through a digital dial. The
pattern is rescanned and where the markings the opera-
tor has made are detected, the area percents and
material levels are printed in digital form directly on
the chart. After rescan, the operator on one chart or
sheet has all the information that is required in final
form.

Briefly, our invention comprises a source of radiant
energy (wave or particle) such as light energy which
may be ultraviolet, infrared, white, and of any wave
length which light energy is formed into a beam, such
as by passage through a lens system and then focused
on the sample and limited as by passage through a slit.
The sample to be analyzed which may be transparent,
translucent or a semiopaque material containing
material to be analyzed quantitatively or qualitatively,
which permits variations in passage of the energy
through the sample to aid in sample analysis. For exam-
ple, an electrophoresis strip is exposed to a beam of
light energy which may be employed in the sample by
reflectance, transmission, fluorescence, or quenching;
that is, through an absorbtion of light. The light emerg-
ing from the sample is received on a suitable receptor
such as a photometer, for example a photocell,
photomultiplier, photo-diode, etc., where the signal is
converted to an electrical signal. This electrical signal
is then transmitted to a function generator which con-
verts the signal from the sample to a level linearly re-
lated to the amount of material to be analyzed in the
sample. The conversion of the signal from the light
receiving means may be linear, logarithmic, log inverse,
linear inverse, or some other hybrid function. Other
types of samples which themselves provide a source of
radiant energy may be successfully used with the inven-
tion in which a separate source of energy is not
required, such as radioactive samples. For example,
materials such as proteins may be tagged with radioac-
tive particles in which case the tagged material itself is
the energy source and the slit needs only to reflect or
absorb a radioactive material whereby the photomul-
tiplier is only looking at one section of the pattern at
any given time. This technique may also be employed
with tagged amino acids.

After passing through the function generator, the
signal is recorded in the function desired as a profile
trace. Simultaneously, with the recording of the profile
trace, the signal is converted to a pulse train the
frequency of which is related to the signal level and the
pulses are accumulated and stored thereby integrating
the area under the profile trace. After the density
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profile has been traced and the area under the profile
integrated, a portion of the trace profile from which ad-
ditiona! information is desired, such as the particular
area between selected portions, is then marked. The
sample is rescanned over the portion scanned previ-
ously. The integrated rescan signal is then compared
with the accumulated scan signal, the values compared,
and the area percents computed as well as the material
amounts. Upon command, the desired information is
then recorded directly on a medium such as a chart.

Other distinct advantages of our invention are the
ability to record the density profile in one function, say
for example in linear inverse, and to integrate in
another function, say for example log inverse; or to
record the trace profile and integrate in the same func-
tion. Also, because the printing of the information on
rescan is on the same recording form as the indications
made by the operator, all pertinent information is
directly printed out on the same report form.

Because the majority of clinical laboratories are in-
volved in programs leading to the use of computers for
compiling laboratory results by patient, computer com-
patibility has also been designed into the densitometer,
The area percent information and the percent protein
values are both held in binary coded decimal (BCD)
form. On receiving a pulse from the computer, the in-
formation can be transferred to the computer and
thence to a memory block to be held until the com-
puter calls for the information on that patient. A
minimum of computer memory is required since the
need for point-by-point logging of the density profile is
completely eliminated.

Further, since the densitometer has its own calcula-
tion capability it does not depend upon a computer to
derive area percents or percent material values,
complete results are obtainable whether or not the
computer is in service. Inspection of the chart contain-
ing the density profile provides immediate information
such as to the identification of albumin and the various
globulins. In providing a means for locating fractions
along the density profile, the pattern being scanned, the
sample, and the recorder are both driven with stepping
motors. By counting the steps to each valley, location
information is provided which can be used in a simple
computer program to identify fractions.

Since most cellulose acetate and gel patterns can be
precisely quantitated by integrating in log inverse, this
is generally the preferred embodiment or method of
operation in the densitometer. However, if the amount
of light absorbing material does not increase linearly
with optical density, the densitometer is also provided
with means to perform the integration linearly in a
function such as dye concentration on filter paper or
such other function as defined by the user.

In our invention, the analog system of a densitometer
has been combined with the digital calculation and
printing capabilities of a digital computer to provide on
a single report a density profile of the electrophoresis
pattern, marks such as by punches or from an elec-
tronic valley sensing system indicating how the pattern
was divided for calculation purposes, a digital value of
area percent printed on the chart for each peak or
group of peaks in the pattern, means to enter the total
amount of sample material into the densitometer and to
print that amount of digital form on the chart, and the
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capability to multiply area percent times the total
material and to print the amount of each fraction
selected. Qur invention eliminates the necessity of
meter reading and interpolation errors as well as trans-
cription errors and combines an analog and digital
presentation for obtaining the greater precision of the
digital system for calculation of results and further, it is
not limited to a certain number of peaks by number of
analog memory devices. The marking system employed
is advantageous in that it obtains correct results from
all serum protein and lipoprotein patterns which often
have shoulders and points of inflection which cause an
electronic valley sensor to divide patterns into fractions
which are not related to the actual material distribution
desired.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the instrument;

FIG. 2 is a block diagram of the basic sections of the
instrument;

FIG. 3 is a partly schematic and partly sectional view
of the optical system of the invention;

FIGS. 4a and b are plan views of the sample holder;

FIG. § is a schematic illustration of the amplifier and
signal conditioning, mode selection, and integrator and
scaler portions of the invention;

FIG. 6 is a schematic illustration of the digital print-
ing drive system of the invention;

FIG. 7 is a partly block diagram and plan view of the
control section of the invention;

FIG. 8 is a plan view of the analog pen recorder sec-
tion of the invention;

FIGS. 9a and b are schematic illustrations of the
movement of the bridge assembly during the slew, scan,
pretravel and rescan cycles;

FIG. 10 is a plan view of the valley sensing system;

FIG. 11 is a block diagram of the functional elements
of the invention;

FIG. 12 is a circuit diagram of the print control;

FIG. 13 is a circuit diagram of the unit control;

FIG. 14 is a diagram of the pretravel circuit; and

FIG. 15 is a circuit diagram of the up-down counter.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The instrument 10 is shown in FIG. 1 and includes
two consoles 12 and 14. The entire system is also
shown in block diagram form in FIG. 2. Each major
section of the system will be described individually
prior to the description of the entire system in a work-
ing embodiment.

OPTICAL SYSTEM

The optical system is shown in greater detail in FIG.
3 and comprises a white light source 22 which is
powered by a regulated power supply 24. The light
source as shown is a standard lamp operated at a fixed
temperature of about 2,700°K. If desired to ensure that
the light intensity is constant, a receptor 25 shown in
the dotted lines may be utilized to regulate the power
supply based on the intensity of the light received.
Light energy from the source passes through a heat ab-
sorbing or reflecting lens 26, condensing lens 28, filter
30, deflects off a mirror 32 and then passes through an
aperture 34.

106011 0338
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if desired depending upon the sample being
analyzed, energy sources other than white light may be
used such as ultraviolet, infrared, etc., and the wave
lengths of the incident energy may vary as selected by
filters, monochromators, or lenses used. Further, light
energy may be measured emerging from the sample by
reflectance, transmission, fluorescence, or quenching.

Referring to FIGS. 3, 4a and b, an electrophoresis
sample 36 is placed in a unique holder 37 which em-
ploys a flexible magnetic mat 38 such as vinyl ferrite in
combination with a magnetizable material 40 such as
steel. The holder communicates with a stepping motor
44, which reciprocates the holder along a fixed path
during the scan and rescan cycles. The stepping motor
also communicates with the unit control 80 as shown in
FIGS. 7, 11, and 13. The use of the magnetic mat to
hold the sample in place facilitates insertion and adjust-
ment of the sample in the holder while firmly holding
the sample in place during the scanning and rescanning
cycles. A termination switch 46 which can be adjusted
to coincide with one end of the portion of the sample to
be scanned, terminates movement of the sample holder
at the end of the scan cycle.

A photocell 48 such as a vacuum photodiode
receives the light transmitted thraugh the sample and
converts the signal to a current proportional to the
energy emerging from the sample being analyzed.

INTEGRATION

Referring now to FIG. §, the current from the
photocell 48 of FIG. 3 is transmitted to an amplifier 50
such as a variable gain amplifier. One of a plurality of
function generators such as a log inverter 52, linear in-
verter 54, or a hybrid function 5§, receives the signal
from the amplifier S0 and transmits the signal at a dif-
ferent level to an analog recorder 56, such as a ser-
voamplifier. Simultaneously the signal is also trans-
mitted to a voltage-to-frequency converter 57. As
shown, if desired, a signal may be transmitted directly
rather than passing through one of the function genera-
tors. A plurality of cascaded binary-coded decimal
decade counters within the total pattern integrator 58
or total area counter accumulate, totalize, and store the
pulses received from the voltage-to-frequency con-
verter 57 whereby the total area under the density
profile trace on the recording chart as shown on FIG. 8
is integrated. Upon rescan, certain selected portions of
the density profile trace are selected for analysis and
the sample rescanned whereby the areca under the
selected portion is reintegrated, and the pulses accu-
mulated in the peak integrator 59 or rescan counter.
These rescan pulses are compared in the comparator
6@ against the pulses stored in the total pattem integra-
tor 58. The total pulses in the total area counter are
digitally divided by 1000 to provide units or values of
comparison of 0.1 percent of the total area under the
curve. When the rescan pulses reach a predetermined
level corresponding to 0.1 percent of the total area, the
information is transmitted to the digital printing and
drive system shown in FIGS. 6 and 12. After each trans-
mittal of 0.1 percent pulses to the data selectors, the
comparator resets the rescan counter 59 and the pulses
are again accumulated until they reach a value of 0.1
percent of the total area as determined by the compara-
tor. Again the information is transmitted to the data
selectors. This cycle continues throughout rescan while
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6
periodically the valley sensing system will command
the printing and drive system to print the desired infor-
mation as will be described later.

As shown in FIG. 7 and FIG. §, the operator may in-
tegrate in one function such as log inverse, and record
in another function such as linear inverse, during a
scanning cycle, or if desired, through the selection of
the appropriate functions the integration and recording
may both be accomplished in the same function or
either function may be accomplished directly.

DIGITAL PRINTING AND DRIVE SYSTEM

Referring to FIGS. 6 and 11, the digital printing and
drive system comprises a plurality of data selector cir-
cuits 62a, b, and ¢ which communicate with a plurality
of print adapters 64a and b which transmit the signal
received from the data selectors to the count wheels
and actuate the count wheels in the recording system.
A material multiplier 66 or milligram adapter which
comprises a binary coded circuit stores the total
amount of protein which value is inserted into the mul-
tiplier by the operator through the digital dial 78 shown
in FIGS. 7 and I1. The 0.! percent signals from the
comparator flow in two directions, one directly to the
data selectors in combination with the print adapter
64a, and the second to the milligram adapter 66 and
then to the data selectors associated with print adapters
64b. The material multiplier digitally multiplies the per-
cent signal times the total material value as dialed-in
prior to transmittal to the data selectors.

As wilt be described in detail, upon receipt of a com-
mand from the pretravel circuit shown in FIG, 14, the
stored value of total material is printed on the record-
ing chart prior to rescan. Upon receipt of a command
from the valley sensing system, the area percent and
the area percent times total material corresponding to
the selected portion of the chart is printed on the chart.

The print contral circuit 68 is adapted to receive
commands from the unit control 8¢ shown in FIG. 7
and the valley sensing system 101 shown in FIGS. 1%,
12,and 13.

UNIT CONTROL

Referring to FIGS. 7, 11, and 13, the unit control 80
comprises a control panel 70 having a series of switches
for commencing operation of the instrument and as
shown includes the reset, scan and rescan switches and
valley selection indicator. An integrator dial 72 and
recorder dial T4 select the recording and integration
functions as was described for FIG. 5. Also on the front
panel, is a scan length switch 76 which determines the
ratio of the speed of motion of the pattern to the speed
of motion of the bridge in the recorder. This speed ratio
controls the amount of total motion of the pattern
which corresponds to the bridge moving across the usa-
ble portion of the chart, and the scan length switch is
calibrated in these distances.

In communication with the control panel is the unit
control 8@ also shown in greater detail in FIG. 13. A
pulse generator 82 which is disposed in the print con-
trol 68 communicates with the unit control 88 and pro-
vides a pulse train for driving both the stepping motors
44 and 90 shown as drives in FIG. 11 for the scanner
and recorder respectively. To ensure that the move-
ment of the bridge carrying the pen, and the holder car-
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rying the sample being scanned each move precisely
the same distance during scan and rescan, an up-down
counter 84 counts the pulses generated during scan and
rescan to terminate the rescan mode when the same
section of the pattern originally scanned has been
rescanned. This ensures that the total area integrated is
identical in both scans.

A slew switch 83 moves the recording pen to the
starting position prior to the actuation of the scan cy-
cle. A pretravel circuit 86 on rescan moves the bridge
carrying the pen recorder, count wheels, and valley
sensing system, a predetermined distance prior to ac-
tuating rescan of the sample to compensate for a
mechanical offset of the pen 98 and valley sensing
system 101. This circuit also controls the print-out of
the total amount of material which is stored in the
material multiplier. :

RECORDING SYSTEM

Referring to FIGS. 8 and 9a and b, the analog pen
recorder comprises a bridge assembly 92 which in-
cludes two sets of count wheels 94 and 96 which com-
municate with the print adapters 64a and 64b which
wheels record the area percent of selected portions of
the density profile trace and the material protein levels.
A pen recorder 98 engages a recording chart 100. The
trace of the pen along its x axis is controlled by the
movement of the bridge driven by the stepping motor
90. The amplitude or movement of the pen along the y
axis is controlled by the analog recorder whereby the
pen position is directly proportional to the signal
selected for recording. The recording pen 98 is slidably
engaged within the arm 102 of the bridge assembly 92.

A valley sensing system 101 as shown in FIG. 10
comprises a light source 104 and a photoresistor 106
disposed within the arm which source and resistor are
located on either side of the recording chart 100. When
actuated on rescan, the valley sensing system senses the
marks made in the recording chart by the operator and
transmits a signal to the digital printing drive system. If
desired, in lieu of the light and photoresistor, other val-
ley sensing systems such as an electronic valley sensing
system may be used.

FIG. 8 is a top plan view of the travelling bridge and
recording chart after scan and rescan. A stepping
motor 90 which is preferably driven by the same pulse
train as the scanner stepping motor 44 moves the
bridge assembly 92 along a fixed path during the scan
and rescan periods of travel. The line of digits 112
represent area percent and the line of digits 114
represent the material level accumulated to each mark
on the recording chart.

The recording chart 1090 is carried in a unique holder
124. Fach end of the recording chart is magnetically
held down by magnetic strips 116 which overlay the
chart and magnetically engage the steel surface of the
holder.

THE OPERATION

The operation of our invention will be described in
reference to an analysis of an electrophoresis strip in
which various protein fractions of a blood sample are
distributed along the strip.

Initially the power of the instrument is activated.
Referring to FIGS. 4a and b, a sample 36 is placed on
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the steel holder 40 and the magnetic mat is placed over
the sample and magnetically secured to the steel plate
40. The slit 34 through which the light energy passes is
adjusted to the desired width. The termination switch
46 shown both in FIGS 4a and b and FIG. 3 is then set
manually to limit the movement of the sample being
scanned during the scanning cycle and generally is
located about at the end of the protein pattern. The
sample holder is adjusted until the slit is under a clear
portion of the pattern wherein a maximum amount of
transmission of light is passing therethrough. The light
energy created by the lamp passes through the various
filters and lenses is focused on the pattern and passes
through the adjustable slit 34 and received on the
phototube 48 which communicates with the amplifier
§0. The variable gain amplifier 50 is adjusted until the
pulses received on the voltage-to-frequency converter
are as close to zero as possible. This may be determined
by visual electrical means such as a flashing lamp 16
which is shown on the console 14 in FIG. 1 and in FIG.
11. The termination switch for the bridge assembly
{not shown) may also be adjusted to limit the move-
ment of the bridge during scan.

A recording chart 100 is secured across a flat surface
as shown in FIG. B by magnetically engaging the edge
of the paper to a holder through the use of a magnetic
strip 116 which cooperates with the magnetic holder
along the edge of the flat surface.

The function in which the trace is made and in which
the area under the profile is integrated is then made. As
shown both the integration and the profile trace will be
done in log inverse functions. On the recording switch
it is possible to vary the amplitude of the trace pattern
at a ratio of two to one by selecting the 1.5 or the 3.0
optical density (O.D.) level. That is, if the log inverse
function is directed to the 3.0 O.D. level, then the am-
plitude of the trace on the recording chart will be half
than that if the selection had been at the 1.5 O.D. level.

Of course, it should be understood that, if desired,
recording in linear inverse would expand the small
peaks making it possible for the operator to make
better decisions on the proper selection of valleys
between peaks while integration may be performed in a
log inverse function to correctly quantify material.

Referring to FIG. 7, the scan length selection switch
76 is set to determine the length of the scan of the trace
of the pen in reference to the scan of the sample. The
scan length determines the ratio of speeds of the bridge
assembly to the sample holder. That is, as shown, it is
set at 50 which means that the speed at which the
bridge assembly is driven will be four times the speed at
which the sample moves from its initial position until
the scan cycle is stopped by actuation of the termina-
tion switch 46. The length of the scan of the sample is
determined by the location of the termination switch
after the sample has been inserted in the holder. The
length of the trace across the chart along the x axis is
determined by the scan length control which is depen-
dent upon the ratio of speeds between the stepping
motor driving the sample scanner and stepping motor
driving the bridge assembly. The termination switch 46
for the bridge assembly may be employed in lieu of the
termination switch 44.

The amount of material in a particular sample which
in this instance is the total amount of protein in the
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sample is then dialed in the digital dial manually 78 and
stored in the milligram adapter as shown in FIG. 6.
Referring to FIG. 13, if the reset lamp is not on, the
reset switch (lamp switch) also shown on the control
panel 70 in FIG. 7 is actuated and sets flip-flop 1154 to
the one state via gate 111c. This energizes the reset
lamp on the control panel 70 and holds the instrument
in the reset mode. The slew switch 83 is actuated to
move the bridge assembly into position as shown in
FIG. 9a through the slew distance. The zero poten-
tiometer connected with the amplifier 50 is adjusted to
bring the light 16 to a flashing condition. Also, when
the rescan switch is actuated, all stages of the up-down
counter 84 shown in FIG. 15 are set to *0” by gates
511aand 5115.

When the slew switch 83 is actuated, the bridge as-
sembly or recorder moves the slew distance A as shown
in FIG. 9. Referring to FIG. 13, gate 2114 is enabled by
the actuation by the slew switch 83 on the control panel
to manually position the recording assembly to the
right as shown in FIG. 9a.

The scan switch on the control panel 70 is then actu-
ated and since the switches on the control panel are
light switches, the actuation of the switch is indicated
by the light as shown in FIG. 13.

Actuation of the scan switch on the control panel
after the bridge assembly has moved its *‘slew” distance
with flip-flop 115a in the one state sets flip-flop 1155 to
its one state and resets flip-flop 1154 to its zero state
through gate 112a. Flip-flop 115b enables flip-flop
116a to be set to its one state through gate 1125 im-
mediately after flip-flop 115b has been set. The output
of gate 112b also resets flip-flop 115b through gates
111d and 113a. When either flip-flops 115b or 116a are
in the one state the scan lamp is energized via gate
113d. Flip-flop 116a thus holds the instrument in the
scan mode until it is reset by a signal from the scanner
termination switch 46.

The logic level generated by gate 211a controls the
direction of rotation of the stepping motor 90 to drive
the bridge assembly. The bridge assembly stepping
motor drive signal which is a 10Ms square wave is ob-
tained from gate 211d. The logic levels generated by
gates 211a and 210c control the direction of rotation of
the stepping motor 90 via logic circuitry in the stepping
motor drive unit. The motor drive signal is derived
from the square wave clock located in the print control
unit through gates 2115 or 211c. During the scan cycle,
gate 211b is enabled through gate 211a by flip-flop
116a which is in its one state. Gate 211a generates a
‘‘go right” command. As shown in FIG. 9a, this would
move the bridge assembly to the right through its scan
cycle.

The scanner drive motor or stepping motor 44 is con-
trolled in similar fashion when the instrument is in the
scan mode. Flip-flop 116a commands the scanner hold-
ing the sample to “‘go right” during the scan mode (flip-
flop 117b commands the scanner to “go left” during
the rescan mode) via logic circuits the same as those
employed for the bridge assembly stepping motor drive
and generally located in the stepping motor drive unit
44. The period of the scanner motor drive pulses 44 is
manually selectable in order to provide three scan
langths: 25 centimeters, SO centimeters, and 100 cen-
timeters as shown in FIG. 7. The scan length switch 76
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on the control panel and as shown in FIG. 13 selects
gates 213a, 213b, or 213c (via inverters 212b, 212c,
and 212d) for the appropriate scanner motor drive
signal. The three available signals are derived from the
10Ms clock and the outputs of the two-stage counter
flip-flop 118a and flip-flop 1186 which provides square
waves of 20Ms and 40Ms. The outputs of gates 213a,
213b, and 213c are applied to gate 214d which during
the scan cycle is enabled by flip-flop 116a. (During the
rescan cycle, gate 214d is enabled by flip-flop 1175.)

When the scan switch is actuated, the stepping mo-
tors 44 and 90 are driven by the pulse generator 82
whereby the stepping motors move the scanner holder
40 transversely to the beam of light passing through the
slit 34 and move the bridge assembly 92 along the x axis
of the recording chart 100. The variations in light trans-
mitted through the sample are received by the
photometer 48 and transmitted to the amplifier 50. The
signal is converted to a selected integrator function log
inverse as shown and simultaneously converted to a
selected analog recorder function, log inverse as
shown. The density profile trace of the sample being
scanned is recorded on the recording chart 100 by the
pen recorder 98. The pulses from the voltage-to-
frequency converter are serially accumulated in the
cascaded binary coded decimal counters in the total
pattern integrator 58 and totalized while the sample is
being scanned. When the sample holder 40 actuates the
termination switch 46, a signal is transmitted to the unit
control 80.

During the scan cycle, 40Ms clock pulses are applied
to the up-down counter 84 and during this cycle flip-
flop 116a commands the up-down counter 84 to count
up. The pulses during scan are accumulated to some ar-
bitrary count depending upon the scan period. Refer-
ring to FIG. 18, flip-flop 116a of unit control through
gates 2144 and 214b enables gate 5§12b and gate 512g is
disabled via gates 501a and 501b respectively. When
flip-flop 513a responsive to 40Ms pulses from the unit
control changes from its “1” to its “*0” state, a carry
pulse is transmitted through gates 512b and 512¢ to the
input of flip-flop 513b. In a like manner each of the
nine stages as shown receives an input pulse from the
preceding stage when the latter goes from “1” to *“0".
This results in an up-counting mode. Also, during the
scan cycle, the pretravel counter 86 receives 40Ms pul-
ses from gate 214c¢ which is enabled by flip-flop 417a.

Referring to FIG. 13, the termination switch 46
signals through gates 112¢, 1135, and 113c that the
scanner has reached the end of travel in the scan
direction. The output of gate 112c sets flip-flop 116 to
its one state and thus establishes the select valleys
mode and terminates the scan mode. Although the
scanner limitation or termination switch has been
shown, a similar termination switch which may be
physically adjusted to limit the travel of the bridge as-
sembly rather than the scanner may be employed in this
instrument which bridge assembly termination switch
would be responsive to engagement by any desired por-
tion of the bridge assembly. As shown in FIG. 13, the
termination switch (recorder or scanner) is designed so
that a switch may be employed as shown for the
scanner or for the bridge assembly or for both and the
unit control would be responsive to the first received
signal. The output of gate 112c also sets flip-flop 116>
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to its one state which establishes the select valley mode
and resets flip-flop 116a.

The select valleys indicator or light on the control
panel is actuated and the operator at this time selects
the valleys on the profile trace between which valleys
the area percent and protein levels are to be deter-
mined. As shown in FIG. 8, these valleys are selected
by physically punching slots in the edge of the record-
ing chart 100. The select valleys lamp is controlled by
flip-flop 1165.

The pretravel counter 86 which is shown in sche-
matic form in FIG. 14 is preset to a determined number
(determined during final tests) via gates 419a and 4195
by a signal from the unit control when the select valleys
switch is actuated. The preset number is determined by
wiring jumpers to the terminals as shown. During
rescan 1 or pretravel, clock pulses from the unit control
are applied to the input of the counter. The counter is
wired to count down from the preset number. At the
count of 010000 (i.e., decimal 2) gate 412 generates
the command which causes the value of the material
amount level which was stored by the digi-switch to be
printed on the recording chart. At the count of
1000000 (decimal 1) gate 411 generates the end of
pretravel signal which signal initiates the rescan 2 mode
and terminates the pretravel or rescan 1 mode.

After the indications have been made on the record-
ing chart 100 selecting the valleys to be examined, the
rescan switch is actuated whereby flip-flop 117a is set
to its one state via gate 112d. The actuation also resets
flip-flop 1166 to its zero state. Flip-flop 117a
establishes the pretravel or rescan 1 mode. Referring to
FIG. 9b, this moves the bridge assembly 101 the
pretravel distance C while the scanner remains sta-
tionary. That is, the stepping motor 90 drives the bridge
assembly. The pretravel counter which previously
received pulses from gate 214c which was enabled by
flip-flop 117a is designed to count down a predeter-
mined number of pulses during this pretravel cycle to
control the movement of the bridge assembly the
distance C shown in FIG. 9b. As previously described,
flip-flop 215 is set to its one state by flip-flop 117a
which causes gate 210c to generate a ‘‘go left” com-
mand and also enables gate 211c to provide the motor
drive pulses. When the rescan switch is actuated, the
print control 68 receives print commands from the
pretravel counter 86, for example, the total material
amount in the total material digi-dial 78 upon com-
mand from the pretravel counter, the value stored in
the digi-dial 78 is transferred to the decade counters in
the data selectors 62a, b, and c in combination with the
print adapter 64b. The command from the pretravel
counter enables gate 312a of FIG. 12 to trigger the cir-
cuitry which transfers the data to be printed from the
data selectors to the print adapters. Flip-flop 310z ena-
bles gate 306b to transmit print pulses to the printer
adapters to the count wheels, and then to the printer
solenoid command at the appropriate time. This par-
ticular circuitry will be described in detail during the
rescan 2 cycle of the instrument.

The amount of material in the digi-dial is printed as
shown on FIG. 8 by the count wheels 96. Upon comple-
tion of the pretravel cycle when the pretravel counter
has counted down to zero or decimal one, a signal from
gate 411, FIG. 14, is gated to gate 212a of the unit con-
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trol. This sets F/F 117b to its one state and causes the
scanner motor drive to generate a*‘go left’”’ command.
Also, through gates 214a and 2145 it causes the up-
down counter 82 to count down at the termination of
the pretravel. The bridge assembly continues to move
and the updown counter commences to count down
and simultaneously the stepping motor 44 is actuated
and the sample rescanned and curve reintegrated as
described during the scanning cycle.

Referring to FIG. 15, gate §12a is enabled from gate
214b and gate 512b is disabled whereby flip-flop 513b
receives an input pulse when F/F 513a goes from “0”
to ‘1" and similarly for other stages. In this mode the
counter counts down from the count which was accu-
mulated in scan. When the count reaches zero, gate
515 produces an output to the unit control to gates
111a, 111b, and 111c¢ which sets flip-flop 115z to
“one,” its reset condition, and resets flip-flop 1175 to
its zero state to terminate the drive of the stepping
motor 44 and to end rescan two. This stops scanning
motor 44 and reintegration of the sample. The bridge
assembly continues moving the distance E shown in
FIG. 9b until it strikes the “left” termination switch
after moving the slew distance.

On rescan, the pulses received on reintegration are
transmitted to the rescan counter and accumulated.
Referring to FIG. 11, the pulses from the voltage-to-
frequency converter received on rescan are accumu-
lated in the rescan counter §9. These pulses are con-
tinuously accumulated and compared in the compara-
tor 60 against the total accumulated pulses and in total
area counter 58. The pulses initially received in the
total area counter are divided by 1,000 to produce 0.1
percent pulse values. Each time the rescan counter §9
counts pulses corresponding to 0.1 percent pulses as
determined by the comparator 60 this information is
transmitted directly to the decade counters in the data
selectors 62a, 62b, and 62c¢.

As shown most clearly in FIG. 11, the pulses are seri-
ally accumulated in the decade counters of the print
modules directly from the comparator. The same signal
or value from the comparator each time the 0.1 percent
pulse level is reached is transferred directly to the milli-
gram adapter 66. The milligram adapter multiplies the
percentage of each signal received by the total amount
of protein which was dialed in by the digi-dial 78 and
serially transfers this information to the decade coun-
ters associated with the data selectors of the material
print modules, After each transfer of the 0.1 percent
pulse to the appropriate data selectors, the rescan
counter is automatically reset by the comparator. In the
rescan mode the transfer of information to the data
selectors continues and is accumulated in both sets of
the decade counters until such time as the first mark
made on the recording chart 100 is sensed by the
photocell of the valley sensing system. When the
photocell 106 in the valley sensing system which is con-
tained within the arm of the bridge assembly 92 senses
the first mark by the operator, the information is
printed directly on the recording chart 100 by the
count wheels 94 and 96.

Referring to FIG. 12, the signal from the photocell
which senses the mark which was punched by the
operator to select the valleys is applied to amplifier A8.
When the punch mark is sent, the output of A8 sets
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flip-flop 3104 to its one state via gates 308, 301a, 302c
and 302d. Gates 312a and 312b as shown form a pulse-
shaping network. The output of gate 3024 also enables
the gate 312a to trigger the circuitry which transfers
data to be printed from the data selectors to the print
adapters. This circuitry which comprises flip-flops
316a, 316b, and gates 312a, 312b, 312c, 31lc, 3114,
306a, 315a, 315b, and 315¢ develops a 0.4
microsecond transfer command to the data selectors
followed by a 0.4 microsecond clear command. The
data input lines to the data selectors are inhibited dur-
ing the clear and transfer period.

Referring to FIG. 11, when the output from gate
302d enables gate 3124 to trigger the circuitry as
described, referring to the data selectors 62a, 62b, and
62c, the information accumulated in the decade coun-
ters is allowed to pass through the transfer gates and
into the binary coded decimal to serial converters
which comprise the print adapters. Specifically, for the
0.1 percent pulses transmitted directly to the percent
print modules, the information accumulated on the
decade counters flows through the transfer gates and
into the serial converters or print adapters 64a.
Similarly, the same occurence takes place at print
adapters 64b where the information which was mul-
tiplied in the milligram adapter and accumulated on the
decade counters in transferred to the serial converters
of the print adapters 64b.

Flip-flop 3102 enables gate 306b to transmit print
pulses to the print adapters. Flip-flop 310a also enables
gate 314a to transmit clock pulses to the input of a five-
stage counter which comprises flip-flops 3052, 3055,
309a, 3095, and 310b. The fivestage counter controls
the time interval during which the print pulses and reset
pulses are applied to the print adapters. This counter
also generates the print or solenoid command at the ap-
propriate time. In the select valleys mode reset pulses
are generated on command from the unit control via
gate 314d. At the conclusion of the print cycle, flip-flop
3164, 316b and 3104 are reset to zero by a signal from
gate 313 through gates 3154, 315¢, and 315f. Flip-flop
310a then resets the five-stage counter. The print con-
trol is then ready to receive the next command. During
the rescan mode, the print commands from the valley
sense circuit are accepted only during this mode and
this feature is controlled by gate 308. The print com-
mand output code is a two-bit code generated by gates
311a and 3115. Therefore, gate 3065 in timed relation-
ship transmits print pulses to the print adapters 64a and
64b. This information is transferred to the count wheels
where the count wheels are rotated to the proper posi-
tion. Subsequently, upon command from the counter,
the print or solenoid command is made whereby the in-
formation is printed in digital form on the recording
chart 100 as shown in FIG. 8.

This rescan mode is continued and each time the val-
ley sensing system senses the mark made by the opera-
tor, the accumulated information in the decade coun-
ters is transferred to the print adapters and then printed
on the recording chart. The rescan and reintegration of
the sample and the movement of the bridge assembly is
continued until the movement of the scanner drive
ceases when the counter 84 has counted down. The
bridge continues travel on rescan whereby a left
recorder limit switch (not shown), which is physically
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set to engage the bridge assembly at the end of the slew
distance, resets flip-flop 215 comprised of gates 215q
and 215b. This in turn inhibits the recorder motor drive
pulses through gates 215¢, 215d, 210c, 211¢, and 2114.
The recorder stepping motor drive signal which is a
10Ms square wave is obtained from gate 211d. As men-
tioned above, in the rescan mode flip-flop 215 of the
unit control is set to its one state by flip-flop 117a. This
causes gate 210c to generate a “‘go left”” command and
also enables gate 211c¢ to provide the motor drive pul-
ses.

Similarly, the scanner drive stepping motor 44 is con-
trolled in similar fashion. Flip-flop 117b commands the
scanner to ‘‘go left” during the rescan mode via the
logic circuits located in the stepping motor drive unit
44. Referring to FIG. 9b, the bridge assembly is now in
the position indicated by the dotted line and prior to
analyzing the next sample, the slew switch is actuated
to bring the bridge assembly and pen back to the
beginning of the scan cycle.

Having described our invention, what we now claim
is:

1. A densitometer which comprises in combination:

a. a source of energy;

b. means to expose a sample to be analyzed to said

energy;

¢. means to cause the scanning of the sample by rela-

tive movement between the sample and said ener-
gY;

d. means to convert the energy emerging from the

sample to an electrical signal;

. means to display a selected signal in analog form;

f. means to integrate a selected signal;

g. means to select a portion of the analog form from

which additional information is desired;

h. means to cause the rescanning of the sample and

to integrate the signal received;

i. means to compare the integrated rescan signal with

the integrated scan signal; and

j. means to record the compared signals in digital

form.

2. The densitometer of claim 1 wherein the source of
energy is light energy and which includes means to
focus said light energy as a beam, the means to expose
the sample to the beam of light energy includes an
aperture therein whereby the sample may be placed on
a support means and the beam of light energy adapted
to pass through said aperture, and wherein the means
to scan the sample includes means to drive the support
means along a predetermined path.

3. The densitometer of claim 2 wherein the support
means includes a holding means having a flat surface
thereon, said surface being characterized by a slot
therein and being formed of a magnetizable material,
and further wherein a magnetic mat having an aperture
slit therein is secured to the flat surface of the holding
means whereby the sample is placed on the flat surface
of the holding means and the magnetic mat engages the
magnetizable material thereby holding the sample
firmly in place.

4. The densitometer of claim 2 wherein the means to
drive the support means includes a motor means
adapted to operate at a selected constant speed which
reciprocates the support means between preselected
positions.
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§. The densitometer of claim 1 wherein the means to
convert the light energy to an electrical signal includes
a photometer whereby the energy is converted to cur-
rent and said current is transmitted to an amplifier
whose output signal is voltage, 5

wherein the means to display in analog form includes
a servomechanism in combination with a record-
ing stylus adapted to trace a profile,

wherein the means to integrate includes a voltage-to-
frequency converter and a plurality of BCD
cascade counters,

wherein the means to select portions of the profile
trace to be integrated on rescan includes means to
mark a medium on which the density profile trace
is formed, and

which includes means to control the scan and rescan
cycles.

6. The densitometer of claim 1 wherein the means to
rescan the sample includes holding means and drive
means to move the holding means along a predeter-
mined path,

_wherein the means to integrate the signal during
rescan includes means to accumulate a plurality of
pulses en BCD cascade counters,

wherein the means to compare the rescan signal with
the total accumulated signal includes means to cal-
culate the percent of rescan signals compared
against the total accumulated signal, and

wherein the means to record the signal in digital form
includes print means.

7. The densitometer of claim 6 wherein the means to

calculate the area percent includes a digital divider.

8. The densitometer of claim 1 wherein the sample
being analyzed is a thin layer chromatography plate.

9. The densitometer of claim 1 which includes means
to define preselected areas of the analog trace.

10. An improved densitometer which comprises in
combination:

a. a source of light energy;

b. means to form a beam of said light energy;

c. means to expose a sample to be analyzed to the

beam of light energy;

d. means to scan the sample with the beam of light
energy;

e. means to convert the light energy transmitted
through the sample to an electrical signal;

f. function generator means to convert the signal
from the sample to a level related to the amount of 50
material to be analyzed in the sample;

g. means to record the signal in analog form as a
profile trace on a recording medium;

h. means to integrate the selected signal with the
recording of the selected signal in analog form in
communication with the function generator
means;

. means to select a portion of the analog profile trace

from which additional information is desired;

j- means to rescan the sample and to integrate the
signal received;

k. means to compare the integrated rescan signal of
the selected portion of the analog profile trace
with the total accumulated scan signal whereby on
comparison the pulses are discharged; and

1. means to record the compared signals in digital
form on the medium.
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11. The densitometer of claim 10 wherein the func-
tion generator means includes a linear inverse con-
verter, a log inverse converter, function of x converter,
and further includes the means to record in one of said
functions and integrate in that or another of said func-
tions as desired,

wherein the medium includes chart recording means,

and

wherein the means to record in digital form includes:

1. housing means,

2. bridge means secured to the housing means and
extending across the chart recording means,

3. sensing means adapted to indicate when the
rescan of a selected portion of the analog trace
has been completed and pen means disposed in
the bridge means, and

wherein the chart recording means includes a chart

which is magnetically secured to a support means,

wherein the digital printing means are disposed
within the housing of the bridge assembly and axi-
ally aligned with and spaced apart from the sensing
means along the y axis of the recording chart.

12. The densitometer of claim 11 wherein the means
to compare the integrated rescan signal against the
total accumulated scan signal includes means to calcu-
late percents.

13. The densitometer of claim 12 wherein the means
to calculate includes:

means to store a number representing the total

amount of material,

means to control the movement of the holding means

and bridge assembly means;

means to control the selection of the information

transmitted to the digital printing means in the

bridge assembly means;

means to multiply percent times the total amount of

material; and

means to print the percent and the material amount

for the selected portion of the analog trace upon

the receipt of a command from the sensing means.

14. The densitometer of claim 10 wherein the sample
being analyzed is an electrophoresis strip.

15. The densitometer of claim 11 wherein the bridge
assembly means and the holding means for the sample
are each driven by stepping motors which stepping mo-
tors are driven by pulses derived from the same pulse
train.

16. A method of scanning a sample and recording the
results of said scan therefrom which comprises:

a. creating a source of light energy;

b. exposing a sample to be analyzed to the beam of

light energy;

¢. receiving a portion of said beam of light energy

emerging from the sample on a receptor;

d. converting the light energy emerging from the

sample to an electrical signal;

e. integrating the electrical signal transmitted from

the receptor;

f. recording the signal from the receptor as an analog

profile trace on a medium;

g. selecting a portion of the profile trace from which

desired information is required;

h. rescanning and integrating the sample over the

desired portion from which information is desired;

i. comparing the integrated rescan signal against the

total integrated scan signal;

106011 0544



3,706,877

17

j. providing a value representative of a comparison
between the rescan signal against the total scan
signal; and

k. recording said value in digital form on the medi-
um.

17. The method of claim 16 which includes convert-
ing the light energy emerging from the sample into an
electrical signal by transmitting said signal to a
photometer;

integrating said signal by converting the signal to a
plurality of pulses and accumulating the pulses.

18. The method of claim 16 which includes record-
ing the signal from the photometer as an analog profile
trace by tracing said signal on a recording medium, and
further which includes selecting the desired portion of
the profile trace from which additional information is
desired by marking the medium.

19. The method of claim 16 which includes convert-
ing the signal received on rescan into pulses and totaliz-
ing the pulses received and further which includes
dividing digitally the pulses received on rescan by the
pulses previously accumulated during scan in a digital
divider.

20. The method of claim 16 which includes printing
the calculated value in digital form on the medium, and
further which includes storing a material amount level,
multiplying the value times said material amount level
and recording said calculations in digital form on the
medium.

21. The method of claim 16 which includes:

transmitting the electrical signal to one of a plurality
of function generators,

selecting the function in which the analog trace is to
be recorded, and

selecting the function in which the integration is
made.

22. The method of claim 21 wherein the function
generators include a log inverter, a linear inverter, and
a function of x converter.

23. The method of claim 16 wherein the sample to be
analyzed is an electrophoresis sample.

24. A modular computer for calculating a fraction of
a total area under a curve which comprises:

a. means to receive signals representative of varia-

tions in composition of a scanned sample from a
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source;

b. means to display said signals in analog form;

c. means to integrate said signals;

d. means to select a portion of the analog form from
which additional information is desired;

€. means to receive and integrate signals representa-
tive of variations in composition of the sample
rescanned;

f. means to compare the integrated rescanned signal
with the integrated scanned signal; and

g. means to record the compared signals in digital
form,

25. The computer of claim 24 wherein means to in-
tegrate the signals received includes means to accumu-
late a plurality of pulses on BCD cascade counters and
wherein the means to compare the rescan signal with
the total accumulated scan- signal includes means to
calculate the percent of rescan signals compared
against the total accumulated signal.

26. The computer of claim 24 wherein the means to
Aok orstorfing styfus adapied 1o trace a
profile, wherein the means to integrate includes a volt-
age-to-frequency converter and a plurality of BCD
cascade counters, and wherein the means to select por-
tions of the profile trace includes means to mark a
medium on which the analog trace is formed.

27. The computer of claim 24 which includes:

a. function generator means to convert the signals
received to a level related to the amount of materi-
al to be analyzed in the sample;

b. means to record the signals in analog form as a
profile trace on a recording medium;

c. means to integrate the selected signals with the
recording of the selected signals in analog form in
communication with the function generator
means;

d. means to select a portion of the analog profile
from which additional information is desired;

e. means to compare the integrated rescan signals of
the selected portion of the analog profile trace
with the total accumulated scan signals whereby
on comparison the pulses are discharged; and

f. means to record the compared signals in digital
form on the medium.
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