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direction. This can best be accomplished by measuring
the force in three constant directions, in practise the
three axes of rectangular coordinates.

In order to know the torque with which this force
acts on the body, it is necessary, in addition, to know
the position of the force. Since the horizontal com-
ponents are situated in the plane of the platform upon
which the subject walks, it is only necessary to deter-
mine the position of the vertical component in the

horizontal plane to effect a complete determination of |

the force. This position was determined by Elftman
and Manter! from cinematic records of the distribution
of pressure in the sole of the foot, but it can be more
easily achieved with the apparatus here described.

The base of the apparatus is so arranged that it can
be suspended between two tables. Resting on this base
are four vertical compression springs, supporting the
lower of two platforms. When a force is exerted on
the platform at any point the total compression in the
springs measures the vertical component of the force,
The relative distribution of this force between the
springs depends on the position of the vertical com-
ponent with respect to the plane of the platform. The
quantities to be measured are three in number; it is
most econvenient to use the vertical displacement of the
platform at points 1, 2 and 3 of the diagram. If the
displacement is calibrated in terms of the force re-
quired to produce it, the sum of the displacements at
points 1-and 3 will give the total vertical force and the
position of this forece can be obtained by equating
moments. Although designed for the investigation of
movement, this apparatus can also be used for the
more traditional measurement of the position of the
center of gravity when the body is stationary.
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The horizontal components of force may be mea-
sured by means of the displacement of the lower plat-

1H. Elftman and J. Manter, SCIENCE, 80: 484, 1934.
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form in the horizontal plane, since this depends on
bending of the springs with respect to their vertical
axes. This was proven to be a reliable method by
Manter in his investigations on feline locomotion in
this laboratory. With the human subject it has been
preferable to measure the horizontal components by
means of a second platform, parallel to the lower one
but separated from it by ball bearings and attached to
horizontal springs. From the displacement of the
upper platform the components of the force in the
direction of movement and lateral to it ecan be obtained.

The problem of recording the five displacements may
be met in various ways. For walking it has been ade-
quately accomplished by lever systems so arranged that
the displacements are magnified without distortion and
produce movements of indicating levers, all five of
which are located in one plane. The indicating levers
are photographed with a high-speed cine-camera, the
actual speed of which is calculated from the oscillations
of a pendulum placed in the photographic field. This
camera also provides a record of the position of the
foot. For analysis of locomotion another camera is
used simultaneously to record the position of the entire
individual, walking behind a rectangular grid.

‘ HerBERT ELFTMAN
CoLuMBIA UNIVERSITY

A PHOTOELECTRIC COLORIMETER

THIS apparatus is the result of an attempt to con-
struet a photoelectric colorimeter which is relatively
inexpensive but both' highly accurate and sensitive.
Many of the colorimeters available measure the current
produced by a single photoelectric cell, a procedure
which requires a constant light souree, the constancy of
which is maintained by variable resistances in the lamp
cireuit,* 2 by a trickle charger on to a storage battery,?
or by a diaphragm placed between the lamp and
absorption cell.* Some of the difficulties with this
method of employing a single cell arise from the varia-
tions in the current produced by the cell caused by
fatigue and changing temperature. These difficulties
can be avoided or minimized by using a variable resis-
tance and a galvanometer as a null point indicator to
balance the output of two photoelectric cells connected
in opposition.> Goudsmit and Summerson® employed
a balanced cireuit, but effected the balance by changing
the thickness of the layer of solution through which one
of the beams of light passed.
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The instrument herein described utilizes a balanced
circuit, but the balance is achieved by the use of a
variable resistance in circuit of one of the photoelectric
cells. The apparatus consists of a Leeds and Northrup
2420-c¢ galvanometer, the light of which has been re-
placed by a 21 e-p. headlight bulb supplied with a
7-volt current from a transformer fed by ordinary
house current (110 volts, alternating eurrent). One
photoelectric cell (General Electrie, Cat. No. 4120833

G 1) is fastened to each side of the galvanometer box -

after a small window has been cut to allow the passage
of light. Interposed between the lamp and the photo-
electric cells are 2-inch square light filters, selected
from molded filters of Corning Glass Works to trans-
mit only light of the wave-length absorbed by the
substance being analyzed, and absorption cells made
by drilling a #-inch hole in a l-inch Lucite block (du
Pont). The filters, absorption cells and photoelectric
cells are shielded to exclude all light save that coming
from the lamp. The photoelectric cells are connected
in opposition with a decade resistance (Leeds and
Northrup, Cat. No. 3976) in the circuit to reduce the
output of the left photoelectric cell. The apparatus is
illustrated in Fig. 1. The materials and parts cost
about one hundred dollars.
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Schematic drawing of photoelectric colorimeter.
Upper drawing—vertical view. Lower drawing—frontal
view.
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The colorimeter has been employed so far only in
the determintion of creatinine concentrations, using the
alkaline picrate method. For this Corning filters No.
428 were used. The alkaline picrate diluted 1:2 with
water is placed in both the right and left absorption
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cells and the galvanometer balanced, the reading in
ohms representing the blank. After this blank deter-
mination the fluid is removed from the right cell by
suction. To 20 ce of a creatinine solution 10 ce of
alkaline picrate is added and the right absorption cell
filled with the mixture. The galvanometer is balanced
12 minutes after the creatinine and alkaline picrate are
mixed. The blank is subtracted from this reading. A
calibration ecurve, based on triplicate determinations of
dilute creatinine solutions, is shown in Fig. 2. The

0 . .

09 et

MGM. % CREATINNE

g &8 8 88 B 8 B

40 300 1200 1600 2000 200 2800 3200
oS
Fig. 2. Calibration curve of determinations of crea-
tinine coneentrations with photoelectric colorimeter.

ingtrument is most accurate in determining low concen-
trations. .

A filter may be substituted for the left absorption
cell and a receptacle containing a test-tube used in
place of the Lucite cell on the right. The Lucite cells
have given more accurate results and, while test-tubes
can be used more conveniently, we have preferred to
retain the more accurate and slower method.

K. Hare
R. E. PaIPPS
CoRNELL UNIVERSITY MEDICAL COLLEGE,
NeEw YORK
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