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THE STATIC MOMENTS OF THE COMPONENT MASSES OF THE HUMAN BODY

Borelli was the first to attempt to determine the centef 6f
gravity of the human body by experiment. For this purpose, he used
a plank on whiéh a cadaver was balanced over the rounded edge of a
triangular wooden pin placed under it.

The inaccurate indication which Borelli gave for the position
of the center of gravity (he designated it with the words "inter

nates et pubin") prompted the Weber brothers to repeat the experi-

ment in the course of their researches on "the mechanics of the
human locomotive apparatus" and to make an exact determination of‘
the position of the over-all center of gravity.

While thelr technlque was essentially the same, they attempted
to 1limlt the possible and, indéed, inevitable errors to the minimum
by means of a slight modification of the process.

They achieved thils as follows:* they took a 7'-long, 1'—widé
plank and laid it horizontally over the rounded edge of a second
vertically positioned [plankj in such a way that the first plank was
in exact equilibrium. They marked this position with two lines on
the sides of the horizontal board at the point where the latter
touched the vertical board and made certain at frequent intervals
during the experiment that 1t had not shifted. Next, one half of thé
horizontal board was supported. The disrobed subjJect stretched him-

self ouft lengthwlse on the board so that the center of gravity of
¥loc. cit., page 114,
. -1 -
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the corporature was just on the slde of the supported half of the

. plank. The head was on the same end of the plank. Then he inched

as cautiously as possible, with slight movements of his spinal column,
and malntalning the same relative positiohs of all hls members,
toward the unsupported end of the board, contlnuing until the welght
on that end preponderated. Since the board had 1tself already been
balanced, but, with the body on 1t, tillted at just thls point toward
the unsupported ehd, the center of gravity was then necessarlly on
the other slde of.the board's plvot axls. Now the experiment was
repeated; this time, however, the head was placed on the slde pre-
viously occupled by the feet; the center of gravity again cccurred
on the supported half of the plank. As before, the human subject
edged his body far enough along the board so that the center of
gravity crossed to the other side and the plank agaln teetered in
this directlion. In each of the two experiments, a plumbline was dropped
frém the top of the head to the board and a note made of the point
at ‘which 1t fell. One-~half of the distance between these two polnts
gave the distance of the center of gravity from the top of the head.
The accuracy of the procedure wlll become evident when we recall
that equilibrium, which 1s so difficult to attaln, need not be es-
tablished perfectly, and that measurement errors of opposite signs

cancel each other.

The brothers Weber found, as an average of several éxperiments
on the same 1indlvidual, the value of
721.5 millimeters
for the dlstance of the center of gravity from the top of the head.
The total helght of the outstretched body was 1669.2 mm; the
distance of the center of gravity from the heels was accordlingly
947.7 millimeters.
- 2 .-
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If we set the total helght equal to 1000,
the distance of the over-all center of gravity
from the top of the head is 432.24
from the heel is 567.76.
By comparative measurements made on thé skeleton of a cadaver of
the same helght, they arrived at a more anatomical determination of
the location of the over-all center of gravity: they found 1t to be

vertlically above the promontorium, at a distance of 8.7 millimeters

therefrom.

It is doubtless unnecessary to note that this location must be

‘subject to variation iIn one and the same individual, even with the

1imbs remaining In exactly the same positions, when we take Into con-
slderation the varylng degrees to whilch our intestine 1s filled and,
moreover, when we gilve attentlon to the changes that take place 1n
the curvatures of the splnal column on transition from the erect

to the horlzontal posture.*

However, the prime Interest 1s aroused by the question as to
how large the Qariations of this locatlon may be between dlfferent
individuals. I take note first of an experiment of my own design,
since 1t was set up in exaptly the same way as prescribed by the
brothers Weber on a very well-developed 24-year-old man.

The total height was 1655 millimeters. .

The distance of the center of gravlty from the soles of the feet
averaged 970 mm. |

For the total helght set equal to 1000, this corresponds to

586.102 from the soles

£13.898 from the top of the head.

¥Fr. Horner: Ueber dle Kruemmung der Wirbelsaeule im aufrechten
-Stehen (Concerning the curvature of the vertebral column in the
standing position), Inaugural Dissertation, Zuerich, 1854, page 22.

-3 -
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The difference hetween my determinations and those of the Webers
1s accordingly 1.83 percent of the total helght.

Valentin* found his distance from the top of the head to be
429.19.

This type of measurement permits only détermination of the horil-
zontal plane in which the center of gravity of the whole body liles,
and not determination of the point in this plane that 1t occuples.

It 1s, however, precilsely for balancing between planes parallel to
that passed from right to left through the body that determination
of 1ts distance from the ventral or dorsal limlting line of the
profile becomes important.

H. Meyer proposed an accurate way tov do this 1n his estimable
"Beitraege zur Mekhanik des menschlichen Knochengeruestes" ("Con-
tributlions to the Mechanlcs of the Human Skeletal Apparatus")** He
uses a scale wilth movable arms and a graduated circle for diréct meas-
urement of the angle formed on the latter by the whole leg axis and
torso, which was, for 1itself, held stiff, with the foot as the in-
dividual ralses himself up onto his toes, aﬁd notes firstly the
moment at which the heel leaves the floor for the known leg length
and known angle of inclinatlon of the leg axis 1in the standing posi—
tilon and, secondly, the moment at which the entire body shifts for-
ward about the midpolnt of the head of the first metatarsal. The
angle at which the metatarsal head of the blg tce leaves the floor
when the body 1n 1tself is held rigid and moved backward on the
ankles 1s determined in the same way. |

From thls we may derlve the horizontal displacement of the center

of gravity for the determinable distance of the promontorium from the

~ *Lehrbuch der Physlologle des Menschen (Textbook of Human Physiology),

Vol. ITa, page 331.
*¥¥published in J. Muellers Archiv (J. Mueller's Archives), 1853,

T




trochanter znd calculate 1ts distance from one or another point of

the leg or some other part of the body. In the individual studled
by Meyer, the center of gravity in the standing position lay at a
horizontal distance of 3.28 cm in front of the external malleolus,
10.72 cm behind the head of the first metatarsal, and 5.22 cm behind

the front margin of the trochanter. According to his data, the

center of gravity was 9.5 cm above the pivot axls of the hip Jolnt,
which strikes the pesks of the two greater trochanters. If we pass
a line from the center of gravity to the midpoint of this axls, it

will be inclined at an angle of 5&023* to the horlzontal 1in the

‘standing position.

Anatomically,; Meyer indicated the canalls sacralis above the

second sacral vertebra as the locus of the center of gravity.

In his case, the center of gravity of the 1897-mm-tall body
occurs 768 mm from the top of the head. For the total helght taken
as 1000, however, this gives distances of

Lok .96 from the top of the head

595,14 from the soles of the feet.
In tois cass, the deviation from the Weber results comes to

2.73 percent of the total height.
The average value for the dlstance from the top of the head, as ob-
tained from four obssrvations conducted on different individuals,
comes to 420.07 on a total height of 1000.

The cover-all center of gravlity of the body 1s placed at this
gpecific point by the distances o1 the cenfters of gravity of all of
its indlvidual menvers. If we now wish to form a conceptlon of 1ts
migrations for different attitudes of the corporature, 1t will be
necessary to attempt to isoclate the centfers of gravity for the

largest possible number of movable masses. The loci of the centers
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of graviiy of certaiﬁ parts of the body, e.g., the head, the lower
extremity, the torsc, have been computed separately for various
purposes. Thils was done very recently by Horner.* I shall pass over
these data at the moment, because they were obtalned 1n 1solation

- and because some average values .and some individual values were
employed in the calculations, without going into the matter of thelir
value for the investigatlions concerned.

Herr Professor Dr. Blschoff had the kindness to provide me wilith
the corpse of one recently executed Graf for ﬁse In my investiga-
tions.

I must filrst preface the discussion thaf follows wlth certain
remarks concerning the method used. It was my objactivé to find the
horizontal planes In which the centers of gravity of the individual
component masses were located. Egullibrlation must be regarded as
the best means to this end. The apparatus used was as follows: a
graduaﬁed rod was secured in an absolutely horizontal position. A
pulley whose groove was equal to the thickness o1 the rod ran along
lts flat edge. A broad brass yoke was rilveted to the shaft about
which the pulley turned; 1ts height was egual to the width of the
rod. The yoke had a cutout at one slde, through which the gradua-
tlons of the rod were visible, and a tongue-shaped indicator in the
middle, the point of which stood verticelly below the pilvot axis of
the roller.

An iron stirrup carrying a horizontal iron rod at the bottom
was secured to the lower end of thils ycke. The ring was made large

enough to permlt it to encompass the thig

b
b

-

h without discomfort. A
board was balanced on the lower horizontal rod and the individual

parts placed on 1t. As 1n the Weber experiment, the procedure of
*Loc. cit.




twice~repeated loadling and tiltingz was followed to limit the errors.

The roller made 1t possible to ¢ohtain extremely fine displace—
ments of the substructure under the preparation with the indlcator
polnting directly to the numeral in guestion, while sliding squares
lald agalinst the appropriate boundaries of the member lmmedlately
gave the distances of these bounderies from one another as soon as
the lower plank was readjusted parallel to the upper rod. The average
of the readlngs gave the distance of the éenter of gravity from the
two ends of the member under investigation.

The manner 1n which the individual members must be éeparated
from one another 1s of greatest importance.

If 1t 1s a mattervof determining the magnitude'of the static
mbmenﬁ in each individual position, the boundary of the mass must
coinclde with that of the lever arm. Thus the planes of separation
of the members must be tangent to their planes of articulation. Ac-
cordingly, the upper arm was sevéred by passing the cut through the
walls of the armplt almost flush with the torso and parallel to 1its
sagittal plane, exartlculating, and then cutting out through the
[&eltoid*} under the acromlon at right angles to the first plane.

£ c¢ircular Inclislon 1n the plane of the pivet axls of the upper-
and fowearm severed the elbow Joint. Lilkewise, & simlilar cut at the

level of the processus styloldeus ulnae sepavated the hand from the

forearm,

For the thigh, the cut was passed through from the symphysis

was exarticulated and the muscles cut through horizontally directly
above the head in the lateral direction. The other parts of the lower

extremity were separated from one ancther in much the same way as

-7 -




the corresponding parts of the upper extremity.
To prevent the uneven contraction of the soft parts at the two

- ends from exerting an excessive detrimental influence on the cenfér»
of-gravity determination, they were sutured together over [the bone
ends] in about the same way as the skin flaps of an amﬁutation stump.

Immediately thereafter, each preparation was welghed on a pre-
clslon declimal balance. _

The length measurements were as follows:
Total height 172.685 centimeters.

The component measurements gave:

Helght of foot 6 Centimeters

Length of shank | - 42,9 "
Length of thigh Lk 9 "
Distance of trochanterlic line from the

erista ossis 1lel v IR "
Distance of plane of 1leum from plane

of acromion 32 i
Helght of head from chin to top of head 21.2 "
Height of neck at front L.7 "

172.7 Centimeters

The length of the foot was 25.369 cm.

- Total length of the arm was 86.6 cm
Length of upper arm 6.4 em
nength of forearm 20,889 cm
Length of hand- _%QE3E&M§§}

86,603 cm
If we set the total helght of the body equal to 1000, we ob-
. tain the followlng supplementary measurements:

Length of head and neck together 149,97

Length of torso 306.9
Length of entire leg 543,1300
. TI00.000 [sic]

- 8 -




For subsequent determinatlons, the trunk was separated into two
parts, of which the larger, upper part had a length of 225.82 from
the crest of the 1lium to shoulder level, and the lower part meas-

ured 81.1 to the mons.

The total length of the arm is 501.75
Length of upper arm 211.06
Length of forearm 173.07
Length of hand - | 117.62
Length of foot . 147
Length of shank VEMB&@OS
Length of thigh 259.99

If we select the length of one of the members — 1.e., the
length of the hand — as a unlt of measurement for comparison wilth
all others, we obtaln the following values: |

Hand = . = 1
Head and neck 1.2749

Torso 2.6090
Entire leg 4.6175
Upper torso 1.9
Lower torso 0.69
Entlre arm 4,263
Upper arm 1.7918
Forearm 1.471

Length of foot 1.243

Shank 2.111
. Thigh 2.2102
Entire body 8.50

The welghts of the 1ndividual parts were as follows:

-9 -




Total welght - 63.97 kg (before execution)

Welght of head h.555 kg
Welght of torso 2¢.608 "
Welght of both arms 7.54 F
Welght of both legs ez.e7 "
Average welght of single hand 540 grams
of single forearm 1160 "

of single upper arm 2070 "

of single thigh 7165 "
of single shank 2800  F
of single foot 1170 i

ihee the trunk 1s 1tself articulated, it was deslrable at least
to dissect 1t into several pleces whcose patterns of movement could
be reduced to recilprocal angular bending motlons. Considered as a
less highly articulated staff, the vertebral column can be most con-
venlently divided in accordance with 1ts actual mobllity into three
pleces that form angles with one another in the various positions.
The 10wermost.part was composed of the sacrum and flrst lumber
vertebra, the middle part of the remaining lumbar vertebrae and
thoraclc vertebrae, and the upper part of the cervical vertebrae and
the head.

I do not deny that this division 1s somewhat arbitrary and that
it wculd be more natural to include at least one more member (spefici-
callyy that formed by the lumbar vertebrae); but simply on account
of the impossibility of determinling exactly the shapes of the masses
included by the horlzontal planes of these boundafiesﬁ the calcula-
tions would.be made less accufate, and nothing essehtial would have
been gained on the accuracy inherently available in thils work.

It will be appreciated that calculations must supplant direct

- 10 -




Wwelghing In determining the welghts of the individual gsections of
the torso, since 1t 1s impossible to follow anatomical planes of
separation 1in this case.

The upper part of the torso down to & polnt under tbe crests
of the 1lla may be regarded as a truncated cone. Averaged depth
and breadth measurements gave a calculated value of 24.9 cm for
the dlameter of this cone at the top and 26.3 cm at the bottom. The
- height of the cone amounted to 41 centimeters.

Now the followlng formula applles for the volume of the trun-
cated cones
5

where Ty 1s the larger radlus and Ty 1s the smaller radlus, and h

2 el
V= 1r(rl + T, 0,

1s the helght.
Thus we obtaln the following calculations for ocur case:

Bysz 18,15 te Iy . foitsess
By 12,00 1z By — 1005169

lz [ R, — 22040952 2 16072
lr Ry 22373165 1792
Iz Ry2 o2 209033852215 .9
BrR,2 4 RR, = BT 12100530 26915500
R B M EE
e 206715

e V- piridim0% 21100

The value of V 1s 1n cublc centimeters and therefore corresponds
to the weight [slc] of an equal number of grams [sic] of water.
According to the determinations of Harkness and Baumgartner,
the specific gravity of the entire human specimen may be assumed
equal to 1.066. The above value must therefore be multiplied by this

figure.

g te o a0TINT2
lr v = 132000
13490061 zz 2037 kg,

The lower part of the torso, 1.e., the pelvis, must be regarded
as a space wlth approximately elliptical surfaces and a volume gilven

- 11 -




by the formula

Vi T iaad aby +oab, = ab]

‘Here, a and b are the semlaxes of the larger elliptical surface and

al and b1 those of the smaller elliptical surface; specifically,
a and a, are the semimajor and b and bl are the semimlnor axes; h

denotes the height.

Measurements on the cadaver under study gave the followling values:

a 17l LR0bass

b o= 11 lz= 1013927 lreb = A2TUS46 = nume 187
a, =10 o GO0
b, ~ 890z - 0,9i9300 Ira, b, = 1,93935006 - nnm. NG
sunm, PR D s
330
b= 13,502 = 1203335 lra,b 20803027 S oaum, 110,00
Irab, == 20799359 L 154,30
Suw w1330

. 2@ a, b)) ab a2
lg ah 21§57 §S93% :
iz6 7 071313
0,983
12813.3 222,51 02508
J,7795%33 = aam. 5T65,0 =V

Multiplylng the values of V by 1.066 glves the weight as
6.1283 kg for the lower part of the trunk.
The welght of.the upper part was
22.387 kg, and hence the weight of the entire.
torso was 28.5153 kg. The balance had given its weilght
&5 29.608 kg.
1his ylelds a difference of 1.0927 kilograms. In accordance
vith the two masses, the difference may be distributed by adding
0%668 to the calculated welght of the upper plece and 0.4000 to that

of the lower plece, so that the welght of the upper part of the torso

L

wzy be assumed to be 23.055 kg and that of the lower part 6.553 kilo-
giams, as values that correspond most closely tc actuality.

Thus one factor for computing the static moment of each 1ndl-
vidual member has been obtailned.

The second factor 1s the length of the lever on which these

- 12 -




masses work, i.e.; the distance from the center of gravity to the
boundarles of the members.

Direct measurements by the method reported above gave the follow-
Ang average values for the locus of the center of gravity: |

1) for the upper arm (length 36.4 cm) 17.621 from the upper end
18.779 from the lower end

2) for the forearm (length 29.889 cm) 13.122 from the upper end
v 16.767 from the lower end

3) for the hand (length 20.314 cm) 9.623 from the upper end
10,691 from the lower end

LY for the thigh (length 44.9 cm) 20.995 from the upper end
23.905 from the lower end

5) for the shank (length 42.9 cm) 15.455 from the upper end
27.445 from the lower end

6) for the foot (length 25.369 cm) 11.664 from the heel
13.705 from the toe

7} for the head (helght 21.2 cm) 7.7 from the top
_ 13.5 from the chin

It was necessary to locate the center of gravity for the above-
dezcribed two parts of the torso by calculation.
In the truncated cone, the following formula applles for the

vertical distance of the center of gravity from the base:

o BT LKL 2 1R2 k
T k- KRR o< R 4
Now, as above, we have
R, - 13,15 Db f.010=020y [e R T e 24379506 L nem 172,92
R, 21245 dzf, = 16931691 Ie R R, = 22050952 nu 1372
b dt o lrb L 16127839 . RB,R, . 327,44
IZR,F =2,1903 1 =num 153,60
Vet d 100002 3R, = 46500
And, accordingly,
172,092 32740 -+ 4630 GRDA6 fe 20ni0ny]
PT2492 4 16372~ 155 T anL6 ke - 2,622mTnn
G.301=124
b N .
ke | 1,OO-600 2
e 7 — L370HIE6 0 wun, 23,463

The center of gravity of the upper part of the trunk accord-
ingly lles at |
. 13-




23.465 cm from the lower boundary, and
17.53 cm from the upper.
It 1s permissible to use the same formula for calculation of
the center of gravity of the lower part of the torso:

Here the average upper radlus = Rl;

Ko 18, By - LEGE2~0 2B B, -=202057 = nume 132,30

B, - 04312k, 09734308 1o S AT
2R R =225 2460
he (350 20130233 Ia kB AL - e, TR0
28 TV X0 B o o R R L L T L E X
b Y =0,5282738 123 SEATII
B3R, 2,427t - num, 167,905
19% (IR0 T4 725,503 12— 2023096
196,04+ 132,30 + 89,043 7 412,043 Lg - 20205941 —

0241153
I ® 0.3uN27%

Iz z =2 07701093 = Bum 359599 €.

as the dlstance from the upper boundary and 7.6101 cm as the dis-
tance from the lower boundary. |

If we now set the length of each part whose center of gravity
has.been located equal to unity, we obtaln the following pilcture:

.Distance of center of gravity

from the
Designggiggd;f part upper 1ower
S boundary of the

part
Head 0.36667 0.63333
Upper part of trunk 0.42756 0.57244
I.ower part of trunk 0.43629 0.56371
Upper arm 0.48521 0.51479
Forearm 0.43887 0.56113
Hand : 0.47371 0.52629
Thigh 0.46760 0.53240
Shank 0.36025 0.63975
Foot (from the heel)0.45977 (from the toe) 0.54023
Average for all parts 0.435 0.565
Largest difference - 0.125

After both factors of the static moments had been determlned
in thls way for all of thé pleces listed, it was a matter of check-
ing to see how well use of these values agreed with diréct heasure—
ments.,

I used the Weber method to determine the centers of gravity of

the entire arm and the entire leg, each taken alone, on the body of

- 14 -




& c¢riminal who had been executed four weeks previously, and who had

&lso had a very powerful physique. These members were separated

from the trunk in exactly the same way as descrlbed above. Moreover,

the Interventlon of rigor mortils had been walted out so that the

dlsplacements on the board could be made wlth greater accuracy.

For the lower extremlty, I used this method to find the verti-
cal plane of the center of gravity (the entire leg thought of as
lying horizontal and fully extended) at a position directly above
the upper margln of the kneecap. In the case of the upper extremlty,

it was 1/2 cm above the condylus internus humeri.

In determining the centers of gravity of composite bodles, 1t
is necessary to employ the formula for determination of resultants
of parallel forces. Since we are concernling outselves here with only
a slngle plane of projection, only a single formula willl be put to

use, and namely

Py Py e
N e e e

where X 1s the distance 6f the center of gravity fromlthe projection
plane in question, P, Pl’ and P2"‘ are the respective weights of
the masses, and X, Xys X5eoo ére the corresponding distances from
the projJection plane.

For the opposite case, the distances of the centers of gravity

from the upper plane of separation were

For the thigh 20.995 cm = x
For the shank 60.355 cm = Xy
For the foot 91.800 cm = X5
o that ¥ — (20.995-7.165) + (60.355-2.800) + (91.800-1.170) _
11.135 -
426,835 _
~IToT35 =
X = 38.332 em (S8 in the figure).
- 15 -




vNow the length of the thigh was 44.9; the height of the patella
over tﬁe boundary between the shank and thigh may be set at 5 c¢m in
the extended position — a value which I admittedly established not‘
on thils cadaver, but on other individuals; then we obtailn 39.9 cm
és the distance of the upper margin of the patella from our projec-
tion plane.

The difference between the calculated distances and those deter-
mined directly for the unknéwn center of gravity of the entilre 1eg |
thus amounts to 1.6 cm; this 1s certainly within the range of indi-
vidual.variations, even when we assume 1dentical dilssection proce-
dures. |

For the entlire arm, we have in our case the followlng numerical

values for the calculation

(207.17.621) -~ (115 &, »’2)~-(Un -‘«.”c,)
3,1
13

- = 2 = 33.9%3 Centimeter

— the distance from the upper separation plane (AS in the figure).

However, the length of the upper arm measured out at 36.4. The
common center of gravity of the upper extremlity thus falls about
one centlmeter above the lower boundary of'the upper arm, or in the
internal condyle.*

Calculation and obsérvation also agree at this polnt for the
two cadavers, or as closely as may be expected.

Now we observe further thét the variation of the locus of theA
over-all center of gravity of the body for different individuals is,
relatively speaking, quite small. The way to test the correctness .
of the above flgures &s related to the static moments of the'indiQ
vidual masses of the members wlll be to use them to reconstruct the

¥Valentin places 1t "in the vicinity of the elbow Jjoint." — Loc.
cit. page 201.
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entire éadaver and find where the over-all center of gravity occurs.
To simplify the calculation, I referred all welghts to that of
the hand as the unlt and obtained the followling valueé:
Weight of the hand | =1
v head 8.4352

upper part of the torso 42.6940
lower part of the torso 12,1450

thigh 13.2520
shank - - 5,1852
foot 2.1667
upper arm 3.8333
forearm 2.1482

If we denote P + P

1+ P2 by S, we may use, I1nstead of the above

equatione e ~p. .
PP +P, =\

P, P, i
TYTEN R, =X

1

If we denote P/3S by Q, Pl/s by Q, etc., we obtaln
X=Qx + Qx; + QX .. |
or, logarithmically, Num. (lg Q + 1lg x) + Num. (lg Q + 1e xl)..w = X.
Now we find the followlng logarithmic values 1n our case for
the above parts of the body, setting the welght of the hand equal

to unity:

Head 8.8525238 ~ 10
Upper part of torso  9.5567951
Lower part of torso  9.0008258

Upper arm 8.5100011
Forearm 8.2585030
Hand 7.9264283
Thigh 9.0u487425
Shank 8.6411938
Foot 8.2622271

We use the plane tangent to the top of the head as the projec-

tion plane and obtain the followling distances from 1it:

a) for the center of gravity of the head 8

b) for the center of gravity of the upper torso 43.7
¢) for the center of gravity of the lower torso 73.6
d) for the center of gravity of the upper arm 45.2
e) for the center of gravity of the forearm 75

f) for the center of gravity of the hand 100.05
g) for the center of gravity of the thigh g9

h) for the center of gravity of the shank 137.9
1

for the center of gravity of the foot 169.2
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The logarlthms of the values of Qx‘will be found in the first
column of the following table and their numerical values in the

second; the letters refer to the same members as those listed above.
Numbers

Y T T b Bt b N 0 BT

N
T PR 15 AP KLY
WG L L L L TAT
1000 51393 . L, §,46100
15 1,465450

10,0 313 o
) J0,7033683 0 0 L 0 130000
L TR TS O o X ETS 3
AT T P « CR 1)
R LI F O X S IR O 14
S TR e S & W\ s %5 10)
TUH00a3ITT . L L 11,67550
5) :t():»ﬂ.‘)ﬂ ... BU3610
10,7-3331 . . . . 603610
" L e T X O R ¥ 4
"0, « 275 CeL 309477

Sum: 71.43858 = X (HS in the figure)
Now, however, the distance from the top of the head to the
plane touching the crests of the 1lia measured ocut at 64.885 centi-
meters, so that the center of gravity as determined lay 6.55 cm be-

low this plane. Subsequent measurements made on the pelvis of this

executed [1individual] showed that the distance of the promontorium

(the upper anterior margin of the first sacral vertebra) was 6.4 cm.
The distance of the upper rim of the second sacral vertebra was 8;
Thus.as regards the anatomical locus of this horizontal plane, we
are In full agreement wilth the conclusion of Weber. Further, we
obtaln 1n our case a value of 10 centimeters for the distance of the
center of gravity from the trochanteric line; as noted above, Meyer
found 1t to be 9.5 cm. Flnally, we find the distances of the over-all
center of gravity referred to the total height (set equal to 1000)
to 5e

413.05 from the top of the head
586.35 from the soles of the feet

If we now compare the corresponding distances as determined

Adirectly'and listed above, we may conclude that the values that I
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found for éhe static moments of the individual parts of thé.ﬂddy-éfé ”
ag accurate as any form of determination wlll deliver.*

To secure a more readlly inspected repfesentation of the masses
and thelr mechanlcal interactlon, I have converted them to spheres
and calculated the radil of these spheres. Specifically, the welghts
of the individual parts are divided by 1.066 to determine thelr
volumes, and the radil derived from these by the formula'

- o. 62035 4?/ V.

The followlng figures were obtained as a resull:

Hin oem
For the hand 4 ghs3
forearm 6. 98@8
upper arm 7.7394
head 10.086
upper part of the torsoc 17. 283
lower part of the torso 11.364
thigh 10,842
shank 8 .559
foot 6.3990

If we draw the corresponding spheres in such a way as to form
a skeleton, as may be particularly useful for purposes of demonstra-

tion, we have the unfortunate circumstance that the peripheries often

one another. For this reason; I heve taken the effort of computing
the radll for piaster»of—paris spheres of corresponding weighﬁ and
setting them in proportlon to the mass of the hand.

Relatlve values of the radll referred to that of the hand mass

get egual to unity appear In the flrst column; the second contains
F¥ihe flgures glven here are naturally applicable only for this particu-
jzy case. Since, however, the volumes of the extremitlies are measur-
able even In lilving Individuals and can be made weighable at least
tc very hligh accuracy wilth knowledge of the specific gravities of
their sectlons, an aspect in which my investigations are still un-
completed, 1t wlll also become possible, when necessary, to find

the values of the factors concerned here with a certain degree of
apprcximation from the locl of the centers of gravity of the indivi-
dual parts — which are made rather certalin by similarities of form —
for any other I1ndividual.
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values for the radll of plaster-of.-parls spheres corresponding to
the actual masses, as they may be drawn at the places indlicated on
the lifesize skeleton or with the decimal point shifted, for a ten-

fold reduction:

R R for corresponding plaster spheres
Hand . ' 1 3.7979
Forearm 1.2903 L 9004
Upper arm 1.5650 5.9439
Head , 2.0356 7.7311
Upper part of torso 3.4951 13.274
Lower part of torso 2.2980 8.7276
Thigh 2.1925 §.3269
Shank 1.7308 6.5735
Foot 1.2910 _ L .9145

If we agaln set the total height equsl to 100C, we obtailn the
followlng distances of the center of gravity firom the upper and lower

boundary of each section of the body:

Distance from upper Distance from lower
boundary boundary
Head L4h 591 105,38
Upper part of torso 101.516 135.909
Lower part of torso 34,108 4L o7
Thigh 121.58 138.43
Shank 89.499 158.931
Foot 67.545(from t?e 79.365 (from ?he
hee! toe
Upper arm 102.27 108.582
Forearm 75.98 97.152
Hand 55.725 61.914

The vertlcal dlstances of the Individual centers of gravity
from the horizontal projJection plane are determined by these cal-

culations., It may be assumed for the trunk and head that the centers

- of gravity may be placed simultaneously in‘thé plane defined by the

- middle of the lince'élba [sic] and the processus Spinosi. The loca-

tlon of the over-all center of gravity with reference to the third

plane, which runs parallel to the median [coronal] plane of the

lateral view, has been determined by Meyer's experiments, as already

noted above. On the basis of his calculations, Horner* ldentifiles

Floc. cit.
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the locus of the common center of gravity of the head and torso
with the arms as the highest poilnt on the anterlor margin of the
ninth thoracic vertebra, 1l.e., a point in the vertlcal constructed
by Meyer, which connects the pivot axis of the upper atlas Joint
and the polnt of the coccyx in the standing position. The center of
gravity of the trunk alone may prcbably alsc be placed in this line;
its disfance from the trochanteric line comes to

29.267 cm (RS in the figure)
according to the statlc moments found above for 1ts two parts.

This corresponds approximatéiy to thez lower dorsal margln of
Ithe body of the last (twelfth) thoracic vertebra. For the extremities
end thelr lower sectlons, 1t may be assumsd thst the centers of
gravity lie iﬁ thelr structural axes.

For my part, these investligations of the static moments of the
masses of our various members were undertaken for practical purposes.
Th@ locus of the over-all center of gravity changes for different
attltudes In whlch we approximate members to one andther, and with
burdens which we carry slmultaneously in one way or another, etc.

It has hitherto been Impossible to givé any accurate statement re-
garding this change as 1t affects the supporting surface, 1l.e., the
point at which the perpendicular dropped from the center of gravity
{the welght vector) meets the supporting surface, since the values
of the individual parallel forces were not known with sufficient
accuracy. Consequently, the drawings offered by Ch. Dupln* were also
based more on guesswork than scientific investigation. And 1ndeed;
nothlng 1s of greater lmportance for the graphic arts than proper
evaluation of these relationships. Wnen we remember that placement
*Ch. Dupin. Geometrie et Mecanique des arts et metiers et des beaux-

-arts, Tome II. Tab. I.
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of the center of gravity higher or lower above the supporting surface,
or nearer or farther from its boundary, wlll produce now the effect
of a confident, relaxed posture, and now that of a motion in one
direction or another with one acceleration or another, since each
onlooker has had a wealth of experience, from hls youth on, concern-
ing equilibrium as a subjective matter, we will realize at once that
the representational artist must be famillisar with these laws unless

he is willing to let correct choice of attitude depend merely on

uncertaln groping. To make the judgements easier, I have also com-

of wire — from which the eye alone can determine the locus of the

ezccompanylng table).

For the rest, there 1s stlll ancother way to circumvent the offen
rether compllicated calculations for- this locus without compromising

r much of the mathematlcal accuracy.

This 1s done by means of an apparatus based on the balancing

principle.

L

';e)

m

le'n
=

.

ghall conclude by describing this appa:x

A flat sqguare plate 1s graduated in millimeters on its four

A crosg dlvides it into»fouf equal squsres. The zero polnts
of the warginal graduation correspond to the outer ends of the cross.
£ brass clamp of the appropriate dimensions and having an in-
Gicator which shifts along the edge graduztion carries a metallic
millimeter—gréduated vertlcal-square scale on which a sleeve can be
pushed up and down; thils guides another square scale, which is
gimllarly divided. As the former remains standing exactly vertlical
with the screw tlghtened, so the latter remzains exactly parallel to

the horizontal base plane. On the verticel scele, the zero point

lies in the horizontal base plane; on the horlzontal scale, 1t occurs



at the croSsing point of ﬁhe two lines drawn on that surface., A
figure 1s secured at thls point 1n such a way that the vertiéal
constructed by Meyer strikes it {the intersection] in the standing
position. By moving the polnt of the horizontal scale 1n such a way
that 1t gradually comes up to touch the center of gravity of each
individual member, we sihultaneously obtaln readings for the distances
from the three planes for each of these points.

Now we have a second apparatus which indlicates the resultants
for each'singlé plane. It consists of a beam about 5 centimeters
in width and of cénsiderable length, which 1s balanced on knife
edges and can be arrested in the sawme way as 2 sensitive balance,

We have as many welghts as there are movable centers of gravity
on the figure, each having the value of the appropriate Q of our

formula,

These welghts have markers, so that the center of gravity

of each can be moved over that graduation mark on the balance besam

which.correspondsto the reading for the distance of the center of
gravlity from the plane in questlon.

Thus, 1f all of the individual weights aré at thelir appropric;e
places on one side of the balance beam, a weight smaller than the
sum Q + Qlf" will be pushed far enough from the fulcrum on the oti:p
half of the beam to bring i1t into equilibrium.

The zero polnt for the half of the balance beam on which the
counterweight 1s resting lies at this ﬁointm

| If we now change the attitude of the filgure, and shift the
welghts as called for by the readings oﬁ the coordinate index, 1t
wlll also be necessary to shift the counterweight on thé other half
of the balance beam, and the extent of this displacement will depend
on the ratlo of the resultant effect of this single displacement to
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the difference between the absclute magnitude of the counterweight

and the sum of the Q. The largser this difference is made, the greater

will be the deflection and the nove sccurate will be the locaﬁion

of the over-all center of gravity &fter determination of the con-

gtants by which the displacement of ths counter

divided.

weight 18 to be

Each such weighlng determines the distance from one of the

three planes; thelr combinaticn detecmines the

all center of gravity in space in the specific

the flgure or its model hasg been brought.

locus of the over-

attitude into which



THE STATIC MOMENTS OF THE COMPONENT MASSES OF THE HUMAN BODY

Since 1t 1s only relatively seldom that we may expect ﬁo'cOme
by a whole cadaver at once 1n positions where, as 1n our 1nstitute
of anatomy, there are requests from many sources for the bodles of
 executed persons or individual parts thereof, which are rightfully
needed or, at any rate, desired for various sclentific purposes, I
was obllged for the time belng to satisfy myself wlth publicatilon,
in the first report, of the problem set forth by the aboVe title,
which was resolved on a single specimen.

I have already made reference to the restriction of the figures
reported there to a speclal case. In the meanwhlle, considerable
experlence has convinced me that there 1s a much higher degree of
regularity in the distribution of the masses on our organism than
we should probably be inclined to suppose. |

Even the minor varlations in the locus of the over-all center
of gravity for the same attltude in different indlividuals, as weli
és the slight differences shown by the positlons of the centers of
gravity of entlre extremltles, as noted in the first report, were
alone sufflclent to suggest thls.

It 1s a fact that the superficlal ﬁh@mom@na of movements made_.
by an individual human would have to show & much wider and more con-
splcuous varlety than 1s actually the case 1if the arrangement of the

masses, the lever-arm ratios, and the relative weights of the parts,
as well as the locl of the centers of gravity were subject to large

varlations.
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Thls, however, 1s not the case.

I shall first communicate measurements and calculations for the
corpse of one 29-year-old Kefer, who was executed in January 1857,
which, again, Herr Prof. Bischoff was kind enough to turn over to
me for this purpose, and use them to argue the method already 1l-
luminated in the "Gelehrte Anzelgen," by which 1t 1s also possiblé
to set up the critical observatilons for this work in any other case,
including that of the living individual,

A practlcal evaluatlion of the results obtained here — which
were, Indeed, the very reason for which the entire investigation was
undertaken — will be found in Volume III of my "Lehrbuch der plastis-

chen Anatomile" (Textbook of Plastic Anatomy).

I.

Dismemberment, measurement, and Weighihg, as well as determina-
tion of the locl of the centers of gravity of all oflthe individual
members, were carried out following the procedures alréady reported
in the first report. Thils time, I did not rest content with average
values fof two like extremitles, but based the calculatlions on in-
dividual measurements for each plece; further, the individual meas-
urements were made with still more highly perfected Instruments and
checked by several personsg, as were tuae welghings and equilibria- -
tlon experiments.

The results of the measurements were as follows:

Total height of the body : 167.7 cm -

Helght of head 20.2 em
Helght of foot 9.7 cm
Length of shank 38.15 cm
Length of thigh 42,3 em

Total 90.15 cm
The length or the trunk was obtained from three different meas-
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urements, in part for the whole plece and in part for the sum of 1ts
individual sections, and came, accordingly, to 57.5 cm.
From this we obtaln for the total helght

for the head 20.2 cm

for the trunk 57.5 cm
for the lower extremities 90.15 ¢cm

Total 167.85 cm

Speclal measurements made on the Iindividual sectlions of the ex-
tremities, wlth the most accurate possible consideration of the
stralght-line distances between the pivot peoints of thelr individual

Jolnts, gave the following values:

.3 i left 42.3 cm

for the thigh right 42
for the shank right 38 ecm left 38.1 cm
for the total length of

the foot vight 25 cm left 25 cm
for the foot from the

pivot polnt of the

talus to the mldpolnt

of the capltulum of

the first metatarszl

(oblique 1line) right 14.1 cm left 14.1 cm
for the width of the foot

at the heel 6.3 cm
for the width of the foot

at the ball 9.9 cm
for the length of the

upper arm right 30.6 cm left 30 cm
for the forearm right 26.4 cm left 26.1 cm
for the hand right 18.5 cm left 18.9 cm

I note here 1n passing that useful determinations of tﬁe pivot
points of individual joints for extremely accurate measurements can
also be obtained on living 1Individuals by the followlng procedure.
One half of the Joint, e.g., the shoulder girdle is immobilized by
some sort of.bracing or bandaging applianceo‘Pthographs‘arévéhen
made as follows. An exposure time somewhat longerbthan usual 1s
divided into three equal parts. At the end of each of these periods,
the Joint 1s moved as rapldly as possible to a new position and held
there throughout the next period. Thus we obtain, in one plcture,
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three different posltions, each very sharply defined, provided that
we have followed the simple rule of thumb not to overexpose the
background behind the part being moved eiltler before or after the
part 1s moved in front of 1t. If, for example, the arm 1s inter-
posed in front of the trunk or some other part of the body in’ﬁhe
last period, that part remains draped piricr to this pariod by a dark
red sheet, which 1s qulckly whisked away limediately before this
period begins. For the same reason, 1t is not admissible to have the
moved part in front of some other surface of the body at the start
¢f photography, since the medeling of 1ts bright imsge would be ef-
faced 1n the subsequent perlods of the process.

In thls way, we obtain the approprizte number of polnts for
construction of the ligamenﬁs and thelr corresponding arcs of move-
ment, and for determination of the pivot points.

Mezgsurements on the cadaver's torso guoz the following results:

Iiistence between the two peaks of the

cristae oss. 1llum . . . . . « « ¢ . ¢ . « - < . . 2f.1 cm
2odth of the lower end of the thoLamﬁ e s s e v e e o« 27T.T7T cem

de breadth of the pelvlc ficor afta

exartliculation of the femora . . . . . . . . . . . 10.2 cm
Diameter of the largest circle on the

caput femoris. . . . . . . . . . 4.8 em
Dicmeter of largest circle on the

capub humeri . . . . . . . . . . 4.4 enm

1ce between plvot points of shouldsr |

e between pivot points of hip hoints . . . . . . 16.8 ecm
T trunk from manubrium sterni to

tebral colWwmn . . . . . . . . e e o e e e . . . 4.5 cm

A% wmiddle level of shoulder blades. . . . . . +. « . . « 1T7T.5 cm
At the level of theg processus xypholdeus. . . . . . . . 19.1 cm
At the level of the mons pubis. . . . . . « « « o « - . 16,9 cm

If we set the totalvheight equal to 1000, the relative values

of these measurements wlll be drawn up as follows:

Helght of head 120
Height of torso © 343
Length of lower extremities 537
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Length of thigh 252

Length of shank 227
Height of foot 58

s

Length of foot

Length of right upper extremnity
Length of 1its upper arm

Length o1 forearm

Length of hand

Length of left upper extremity
Length of 1ts upper arm

Length of its forezrm

Length of 1ts hand

The relative measurvements for the torzo were computed in the

followling manner:

Distance between tvo peals

149,07

150 207
182 465
157.425
11C.317
Lh7 226
178.893
155.63

112.703

Breadth of lower end of thorsy
Outside transverse diameter of v
Diameter of largest cilrcle cu

Diameter of largest circle on

Distance between pivoet points
shoulder Joints
Distance between pivot points cf tio
hip Joints
- Depth of thorax &t level of i

Depth of thorax at middle 1
Depth of torso at level of

Depth of torsc at level of puinls

161.6
165,175
60.823

29,219
28.623

178.3

100.177
86.463
104,355
113.89
100.775

26.237

If we regard the length measurements as multiples of the hand

iength, as was done 1n the first report, we ohtain the followlng list:

rlght hand = 1
head 1.09
entire trunk 3.105
lower extremity 4.8
entire body 9.065

upper part of terso
lower part of torso
thigh
shank
helight of foot
total length of foot
entlre upper extrenlty, vight si
its upper arm
its forearn
_1lts hand
entire upper extremity, 1afl side
its upper arm
its forearm
its hand

il

(I A (O I | A

4,081
1.654
1.427

1

4 0540
1.6216
1.4108
1.0216



As regards determination of the welght of the entire body, 1t
1s to be regretted that we were rot permitted to welgh 1t before
execution, The corpse welghed 47,087 grams.

The head alone welghed 3,747 grams;
the remainder weighed 43,340 grams.

The amount of blood that Kefer had lost at hils executlon may bé
calculated approximately from the percentage represented by the blood
lost by Graf on a similar occaslon. For [Kefer's] remains, thls was
accordingly |

2808 grems.

Added to the above figures, thils gives for the welght before

execution |
49,895 grams.,

After the four extremities had been exarticulated, the blood-

less torso welghed

19,846.5 grams.

The extremities and the head had a total welght of

27,240.4 grams;
subtracted from the total weight of the body-(49,895 grams), these
ieave for the headless and limbless torsc a weight of

22,654 .6 grams;
on subtraction of this from the 19,846.5 grams determined with the
balance, this leaves 2.808 kilograms as the amount of blood that
had escaped the trunk.

The welghts of the individual sections of the extremlities after

removal at exactly the same sections (insofar as this 1s at all

possible) followed in dissecting Graf'!s remains were as follows:

entire right lower extremity 9171.8 grams
entlire left lower extremity 9067.6 "
right thigh 5947 "
left thigh _ 5827 "
right shank 2242.6 "
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left shank 2252 .4 grams

right foot - g82,2 "
left foot g8g.2 "
right upper arm 14845 "
left upper arm 1411.3 "
right forearm g21.1 "
left forearm T70.1 "
right hand ‘ 393.2 "
left hand 374 "
entire right upper extremity 2698.,7 "
entire left upper extremlty 2555.4 "

The procedure for splitting the trunk into two parts, even
~ though these were not anatomically separahle wlth perfect dilstinct-
ness, was also followed in thls case with the object of computing
thelr masses, but the formulas for vessels wilth disslmllar ellipti-
cal base surfaces were used instead of thoss for determining the
volume of a truncated cone. At any rate, the latter corresponds more
exactly to the given'shape relationships of the trunk.

As we know, thls formula for calculating the volumes of vessels
with such elliptical base surfaces is

V= 1%9 [2 (ab + a;b,) + &b, + a;b]

where a and E are the semimaJor axes, a4 and bl are the semimlinor

axes; and h 1s the height.

For the upper torso of the cadaver,

“ b e
a = 14,9 cm
b = 8 fi
- oy |
&1 =13.55 7
T U
bj = Y, 15
h = b {o\! t

Thils gave the volume V as 15,310.5 cubic centimeters; multi-
plied by 1.066, thils corresponds to a welght of

16.3225 k

U]

for the upper torso.

According to the same formula, the weight of the lower torso,
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computed for the axes 18.25 cm
: 45 em

6.75 cm
cm
and a value of 1.75 for E, came to
4,38 kilograms.
Accordingly, the welght of the entire trunk wés
16.3225 + 4.38 = 20.7025 kilograms.
According to the above calculations, however, its welght was
22.6546 killograms..

This represents a deficit of 1.952 kilograms, which can be dis~
tributed in accordance with the weight ratio of the two parts in
such a way that the welght of the upper trunk may be assumed equal
to 17,776.6 grams and that of the lower trunk to 4868‘grams.

In relation to the weight of the right hand, with the latter
set equal to unlty, all these parts of the body acqulre the following

welght values:

Entire body 126.9
Head 9.5295
Upper trunk 45.209
Lower trunk 12.3805
Right upper arm 3.77545
Left upper arm 3.58925
Right forearm 2.0875
Left forearm 1.95833
Left hand 0.95117
Right hand 1.0
Right thigh 15.1245
Left thigh 1. 8195
Right shank 5.70345
Left shank 5.,72334
Right foot 2.bo795
Left foot 2.51325

In additlion to the weilght proportions we have yet to give the
loci of the center of gravity in each individual part.

With the exceptioﬁ of the torso, these locl were determined ex-
perimentally by the procedure outlined in the first report.

For the head, 1t lies 7.3 cm from the érownn
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For the right thigh, 18.2 cm from the midpoint of the'caput
femorls; for the left thigh, 17.7 cm.
For the right and left shanks, 21.15 cm from the mlddle of the

malleolus externus.

For the right and left feet, 10.9 cm from the heel.
" For the right and left upper arms, 12.95 cm from the midpoint

of the caput humerl.

For the right and left forearms, respectively, 10.7 and 11.05
from the elboW—joint pivot point. |
For the right and left hands, 6.75 from the plvot axis of the
carpus, ' |
For the upper and lower parts of the trunk, the positions of
the center of gravity were computed by the formulas given in the
first report, and were found to occur at |
20.116 cm from the lower boundary
of the 40-cm-high upper torso and
9.0605 cm from the upper boundary
of the 17.5-cm-high lower torso.
The distances of all .these individual centers of gravity from

the plane of the top of the head were thus

For the head - T.3 cm
for the upper torso L& ,384 "
for the lowsr torso £9.2605 "
for the right upper sarm 39.45 "
for the left upper arm 39.45 "
for the right forearm 67.8 "
for the left forearm 67 .55 "
for the right hand 102 "
for the left hand o 101.5 "
for the right thigh : 95.9 "
for the left thigh , 95 .4 "
for both shanks 141 .15 "
for both feet ‘ 163.5 "

If we agaln set up the relationships of the distances from the
the boundaries of the individual parts on the one hand, with the
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length of esch member

assumed equal to unity, and,

cn the other, the

distances of the various centers of gravity as fractlions of the

total height of the body, which is s=t

following plcture:

egual to

1000, we obtain the

DISTANCES OF THE INDIVIDUAL CENTERS OF GRAVITY
_ From the From the plane of
upper Lover the top of the
- boundary head, whose distance
of each member, the firom the soleg of the
length of which is feat Is set equal
set equsl to 1 ta 1000,
Head 0.3613 0.6358 43,5305
Upper torso 0.4971 0. EN2G 276 .585
Lower torso 0.51774 0.4 L313.0
Right unpew arm 0.42739 G.5 235,245
Left upp: 0.4316 0.5¢ 235 .245
lght fores 0.41758 0.58 holt .29
t forearm 0.4023 0537 102 805
Right hand 0.361 3 608 .23
Left hand 0.3571 Y ELRT 605 .245
Hight thigh 0.4302 04184 571.85
Left thigh 0.5698 G.5816 568 .875
Right shank 0.4435 0.5565 841 .68
L.eft shank 0.4945 0.5055 841 .68
Right foot 0.436 0.56L4 974 .955
‘ (From the heel) (From the tos)
Lefi foot 0.436 0.564 97k .955
. Bverage 0.4322 0.5678
A& check on the correctnessg of the neasurements and cal-

cnletions,; we must resort to the formula for the locus of the

i w oof gravity of the entire body, as devived on page 17 (first
Faw the corpse of Kefer, the log

: torso
fer torso
upper arm

h fu unpsr arm
Light forearm

Left forearm
Elght hand
Left hand
Rlght thigh
Left thigh

WDAD~I~1 000000 o

030297516
0.0282845
0 .0164535
0.0154315
0.0078802
0.0074954
0.119185
0.116783




Numbers
0.04494ks5
0.0451406
0.0196845
0.0193046

Right shank
Ieft shank

Right foot

Left foot

!

Then the X of each formula 1s compubted fwow the sum of the Qx,

the veluess of which are as follows:

o~

Ny

A

Head

Upper torso

. Lower torsc
Right upper axrum
Left upper arm
" Right forezrm
Left forearm
Right hand
Left hand
Right thigh
Left thigh

" Right shank
Left shank
Right foot
Left foot

Sui =

.!
fad
—

D et et
o

et e
-1 ".._J .

raver, thls distance of the over-all caond of gravity of
P N

the body, whose total height has besn seb eguel to 1000, is
426,85 from the too of he Lazd.

¢ which agrees as closely

leculations — not all of them ehsolutaly cccurate — must

iltrurtely contribute to the scquisition of this single figure.

average value applles only for

that the cocrresponding figurs fov the femele sex will be

physical configura-

as a result of the dirrs

that the locus of the over-a2ll center of avity will

-

'y
o




clining posltion falls in the reglon of

Distance of
center of gra-
vity from the
top of the head
in cm

Height of
body in cm

of 1000

Age 31 years (non-
parous; extremely
robust bulld)

19 years old (uni-
parous, well-pro-
portioned)

24 years old (uni-
parous, slight builld)

160.5 71

157 TG.T 50,3
167 .4 9
I 811 cases, the center of gravity in the fuilv sxtended re-

ths szovum. In

e.g., in the case of a 6 3/U-year-old girl, in whom tha distance

of the center

S e
Lien

-ior 2 cm from the top of the head, or

plane.

vhadned

leration of the table on pages 38 and 3C.

of gravity from the top of the
in the plane tangent to the iliac crests; 1In sncther, at

1/2 cent il

Thig 18 noted only in passing; let us pr

table, which assembles for

for

Distance of cen-
ter of gravity

from top of head
for total height

T
AR G0

A=)
b

othieos

cennideration,

thie sum of

_ "
Iy QAxX.

Head

Uroer ftorso
Lower torso
Upper arm
Forearm

£ two products,

In the case of Kefer,

the cadavers of Graf and Kefer,
compengsation produces identical Iloci for

Wwe may conslder the diffe

Comparlson of the figures
75 how the high degree of simllarity

centers of gravity was arrived

one of which

however,

the center of gravity.

column

thng formed vwith one

in ths positions of the two

Lo under

cases

uging the values of

~13.05
+0.967
O bk
-0,186
»Q‘lJ_




xAQ QLx
Hand -0.0755 +0.0143
Thigh +0,610 -0.375
Shank +0.18 +0.14
Foot +0,235 -0.1043

This simultaneously confers a cevtain value on the}instrument
known. as the "mechanical seesaw,” which T mentioned 1in the first
report and described in detall in tha "Gelehrte Anzeigen,"* in that
the welghts used with 1t can be uséd dirgctly, at least for all well-
formed male sbecimens, without anv appreciable error. ‘

I have made frequent tests of the iﬁgtrumant's resolutlon and,
for example, was obliged to set the countarwelght at 71.25 after
setting the welghts for the distances of the 1ndividua1 centers of
gravity from the plane of the top of the head In the case of Graf.
The difference between the result of the logarithmie calculation and
the readlng on the instrument came to only 0.1%. |

I have also run various exzperiments with the Ilnstrument using
various living models and statuary and, for example, cobtained for
the famous statuette of Mercury, which found its way from Ch. Dupln's
workshop to Valentin's testboeel, a reading in full agreement with
the princlples developed by Meyer, aund; as 1t turned out, with cal-
1culation as well. The welght vector iz dreawn at the designated point*+
in such a way as to drop straight through the tip of the toe. The
standing position is no longsar pcssible'in this case., However, ob-
gservatlions made with my instrument end ciglculation from the positiens
of all the indlvidual members indicated that the artlist had Judged

the proper equllibrium with almost unbeslievable delicacy; the true

welght vector drops directly behind the bzll of the great tde (pivot
axis of first capitulum mestatarsi); the figure can balance in this

posgition.

“¥The 1instrument is available on order from Mechanic Stollenreuther
~in Munilch; its price is 36 f1l.

**Valentin, Lehrbuch der Physiologie des Menschen, Vol. I, 3114.
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1) Name of part; 2) a °: 4) Kefer; 5) dif-
ference; 6) relative we
ments; 8) relative le..o

[Key to Table cont'd. ¢

al height = 1000);

fbpolute length measure-




[Key to Table cont'd. from page
10) distance from plane
) values of Q; 12) values

; 16) upper torso;
eft upper arm; 20) right
2

3
g) relative lergth measurements (
of top of head for total helght ¢
of xQ; 13) grams; 14) centlimeters;
17) lower torso; 18) right upper &avin;
forearm; 21) left forearm; 22) right s 23) left hand; 24) right
thigh; 25) left thigh; 26) right 27) left shank; 28) right
foot; 29) left foot; 30) entire body: 31) suvm; 32) 1.37% of the
total height, [about T''! (poor leglbliity — Trans.)]; M) average.

Since, as a result of these Investigations, together with that
which has been established by different obseirvers for different in-

dividuals with regard to the locus of tha cenbter of gravity of the

reclining human body and its lergsr combinad component masses, as

sunmarized in the filrst report, 1t now a=z Justifiable to assume

& major degree of harmony in the inteviction of the static moments

of &1l the individual component messes, & vayv remains open for each

ract investigation (exact to the ezfent poscible here) of a specific

case, even in investigations being carried cut on livirg individuals,

for determining all of the figuves reguired to find the position of

the over-all center of gravity from 1ts components 1n th: various
positions.

Thiis 1s the second part of the problem which I have uwdertaken

L

in this study, and I pass without fuvther ado to its solutiv,

RN

e

The task consists primarily in finding weys that will ple v ys

in & position to weigh the parts of a living humen belng 1ndivi aliy,

the values can only be

This can obviously not be done diw

found by calculation on the basis of know two things: firs 'y

the volume, and secondly, the spescific gravity the part.

It is eagy to find the volums, &s we 2 evantually demon-
gtrate. The first question is: ceil the specific grevity of such a
part be determined with sufficient accuracy for each speciflc case?

~ 39



The possibllity wlll seem hardly concclvable to the reader, as

it did to me at first, when we consider that cubstances of highly

dlvergent specific gravitles are in each part and 1n each

which are of nearly

uscles

individual in a wide varlety of waye. i 5
the same specific gravity as blcod, hone, which is heavier than
blood, fat, which 1s lighter than blocod, end even lighter than water,
not to mentlon the other tlssue massas of diiffering speclific gravity
that are also interwoven with them 1n unegusl prop ,rtioﬂu,

I nevertheless became convinced hy forvty-four welghings of
pleces of extremltles from a wlde variety orf edult corpses fhat as
great a degree of harmonlzation througn mutusl compensation of the
mdﬂﬁ dlstrivution also prevalls in this respect as that which became
evident in a simllar consplcuous menner 1o ccﬁﬁection wlth the static.
woments.

Since the problem of finding zttar had besn formulated

first, I made the cuts by which the mzwbers
another in the same way as described in ths first report,

The welghings 1n air were set up on a high-preclsion balance
of the design of Mechanlc Ungerer of this place; then the members

ere weighed 1n water, following the priaciple of Archimedes, with

Wer
the temperature and speclfic grevity oif the water checked as accu~
rately as possible before and after szch weighlng.

This made 1t possible to use the fauillar method to computé
the specificaéma&ity of each part by comparison WiTn Thatesd dis-
t1lled water of maximum density, and to find its volume as well.

I first submlt the résultg of the lnvestigations made on the

£y 1. A }n

cadavers In the order in which they were carrled out.

[

singl
I. Corpse of an emaciated 68.yvear cld wen who had died of

marasmus senlilis:




Right side Left side

Welghts Welghts
Part absolute specific absolute . speclific
i grams grams

Upper arm 1420.7 1.09036 1239.1 1.0936
Forearm 767.2 1,111905 765.3 1.111725
Hand 4o .7 - 1.1093 43,9 1.1034
Thigh 4670 1.08705 AL6e0 4 1.08715
Shank 1874 1.1265 1811 1.1295

5 1.09975

Foot g52.5 1.0950 965,

The extent of emaclation or, more generally, the predomlinance
of bony substance, 1s manifested in this case through the higher
value of the specific gravity shown by the forearn as opposed to
the hand; this relationship is exactly tha opposite In younger

specimens., Young and healthy persocons and persons who have died
Py

suddenly also have feet that are specifilcally lighter than the lower
leg, as will be shown later. Nor will the obser{a ion that pleces

of the left lower extremlty have higher absolute weights than the
corresponﬁing pleces of the right extramlty remain an isolated one.

<

II. Corpse of a 26-year-old woman, well-nourished and rather

. obese:
Right silde Left side
Welghts Welghts
Part absolute speciflc absolute specific
grams grams
Thigh 4890 1.0532 L723 1.0514
Shank 1947.9 1.0773 1863.15 1.0785
Foot 755.05 1.1017 713.45 - 1.0996

ITI. Corpse of the extremely robust murdered highway robber

Helgel, age 40 years.

Right side Left side

Welights ‘ Wsights
Part absolute spacific sbzolute specifilc

' grams grams ‘

Upper arm 2560.1 1.,06375
Forearm 1389.7 1.1020958
Hand 525.1 1,11336
Thigh 7567.0 1.06586 7367.0 1.0598
Shank 2760.2 1.0859 2206 .9 1.08607
Foot 1038.8 1.08015 1072.3 1.07668

£
4
Yt
i




IV. Corpse of a very slender glrl of 20 years:

Right silde

Welghts
absolute specifile
grams :

Upper arm 1525.6 | 1,068z
Forearm 725.6 1.0804
Hand 316.8 1.1163

Part

V. Body of the executed criminal Kefer; age 29 years:
Right side Left side
Welghts . Weilghts
Part absolute specliiic absolute specific
’ grams . Brams
Upper arm : 1484 .5 1.0872 ik11.3 1.0884
Forearm 821 1,109 T70.1 1.1127
Hand 393.2 1.1121 374 1.1178
Thigh 5947 1.05485G 5327 1.0564
Shank 22426 1.0861 2e52 I 1.0861
Foot g982.2 1.0G24 co8 .2 1.0916
Head absolute grams - 3747, soeoific ~ 1.0851 :

Vi. Head of the executed 38-year-old Pickel:
absolute in grams - 4980, spscific -~ 1.1300

specliic gravities for the

s e
individual parts of these corpses, which differ so greatly as re-

gerds age and constitutlon, and list them 2ll togsther, we obtaln

the following results:

— Y 2%
\,«.2 Theds \#).u \3) 3. Iu)! .«zwﬁ.\;.}.: ':r‘.’.{.{lfnn wd o M
8 Hlerrm L ll 1as 100700 LTS IR [P KL ¥ By
]. Vordimarm . LS LonZih LE05 ROWM] TDif f g
LS TR T 4T3 1407 f.0401 RS LT TN NS SR
Oherichenhel . LOSTIOZ 100327 LU fegeang

}5 TUzierschienhel {1250 107379 REIEN ) 6*: FIRARE 1T
Fuss o0 L J0UTHES L0l LUt Fed g ai Lot oot
15Vker . .. L1300 1eeEl 51073
1) Weme of part; 2) €8-year-old man; ar-0ld woman; 4) 40~
year-old man; 55 20.-year-old glirl; ©) -old m”h“ 7) average;
8} 38- yearmold woman; 9) upper arm: 10) vi; 11) hand; 12) thigh;
i3

j shank; 14) foot; 15) head.

If we arrange the individual parts in order of increasing

&

pecifilc gravity, we obtain the following sevries for the average:

Thigh
Upper arm
Foot
Shank
Forearm
Head

Hand

Lo . S



There 1s nothing remarkable about the fact that the parts most
abundantly provided with soft tilssues, flesh, and fat stand at one
end of the 1list, while the hand, the tilissues of which are composed
for the most part of bones and sinsws. stands at the other end. We
should certainly have supposed, however, that the foot would appear
nearer the hand 1n this serles. Either the large spongy bones of
its tarsus are very rich in fat or the fatty cushlon on the sole
is the cause of an unexpected depression of the speciflic gravity
of the entire foot.

On the whole, however, the differences between the specilfic
gravities of all these parts are very small; nor does 1t make such
a great difference 1f a member, as, for example, the thigh, is
heavy, whether this 1s due to well-.developad muscuiature or more
to fat, even though this difference 1s expressed in the small dif-
ferences to be noted above.

The largest différence of all those found here 1s 0.0339. While
the absolute welghts 1n the extreme cases are 1n the ratio of 1:24,
the ratlio 1:1.03 applies for the specilflic gravitiles,

The tabular summary given below, in which the volumes are
iisted 1n ascendling order, provides a survey of these large dif-
ferences on the one hand and these smell differences on the other.

We have stilll overlooked the possiplliity of abstracting sdme
velue 6f the specifilc gravity for a given part of the body from
the column and uslng it to compute the ebsclute welght without in-
curring any appregiable error. Moreover, this error can be still
further minimized.

To accompllish this, however, 1t becomes necessaryvto outline
a method by which 1t 1s possible to find the volume of a member for
a living Individual; for this is the second guantity to be found by
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observation before computation of the weight will be possible.

For the sectlons of the extremities, I use tall, narrow gal-
valized-sheet cylinders having cross sections exceeding the largest
cross sectlons of the parts for which they are intended by the
smallest'possible margln; for the entire body, I employ a tall
barrel. One-half Inch from thelr upper rims, the cylinders have a
short, curved trough-shaped pour spout. They are filled wilith water
at a known temperature and density until overflow at the brim stops.
Needless to say, they are positloned perfectly securely and verfim
cally.

A callbrated glass flask 1s set up under the spout and, e.g.,
the hand of the 1ndividual to be investigated i1s slowly lmmersed
into the cylinder after preliminary determinaticn of the wrist-Joint
plvot-axis bounaries. When this axls lies in the same plane as the
basge of the trough and no further water 1s runnling 1nto the flask,
the hand 1s drawn out; the water clinglng to 1t is allowed to drilp
of £ Into the cylinder while the flask, which had prevliously contained
& known amount of water, 1s being welghed.

When the newly added water that has been displaced by the hand
is welghed, water 1s added cautlously at the brim of the cyllnder
untll the first excess drop flows out of the tirough.

Now the flask 1s rewelghed, and the loss in welight now gilves
another observation for the amount of water displaced by the hand.
Both observations carry errors of cpposite signs. In the first case,
it is inevitable that the amount of water that flows out 1s somewhat
larger than that actually displaced by the form of the membef becaﬁse
of sm2all muscular movements and ripplings in the water; 1n the
second case, the first droplet 1s almost as 1lnevitably pfemature'

bacause of the agltation produced in pouring in the water. Thus we

- uh o



obtaln & small plus on the one hand and é small minus on the other.
The average of thé two 1s therefore llable to extremely small error.

We proceed 1n thls manner, filrst Ilmmersing the arm up to‘thg
elbow and finally up to the shouider, welighing the dlsplaced quantity
of water each time and ultimately checking thelr sum by determining
the amount of water displaced by the entire extremlty at once.
| In order to find the volume with high accurary from the welght
de tc;minations made on the water, 1t is necessary to have deter-
mined the water temperature exactly in each case.

If thils has been done, end i{ thez volumes are reduced to dis-~
tllied water of maximum density, it becumcm a matter of determining
the absolute welght of the corresponding part.

While the Influence of the soft pearts wilith thelr varying rela-
tive contrlbutions to the specific gravity of the iIndividual part
sre not, as we saw above, partlcularly large, they are nevertheless
noticeable enough to merit being feken into account. As was shown

7 of the bones does not remain so

‘thhelm,* the specific gra
constant with respect to age that considerable differences 1n thelr
volumes are not distlnetly manifested after a certaln point. The in-
fiuvence of the soft parts on the specific gravity of an entire member
depends essentlially on their mass, 1.e., oo the volume of the whele.,
If we have now become famlliar s a result of welght determinaticnz
with a sufficlently large number of psrts of the body having dif-
ferent cubic'contents, the volume of the Cisp ced mass of water iIn
sithsequent experiments made on 1llving persons by the above method
wlll always colnclde closely now with that of the corresponding

E

vilece of one of the cadavers investigated and now with that ¢ the

ey

same plece of another cadaver.
*fnn. ch. phys. XXI. 385,




Wive specifle gravity of the simllar part whose volume falls
nearest to the amount of water displaced 1n a particular case can
then be used wlth maximum confldernce to caleulate the absoclute
welght for the part under Investigatlon.

For thils purpose, 1t was nscessayry to use the absolute welghts

1ine the volumes; thls gave

lumes are arranged in order
application of this table,
s, 4t is noted in advance

that M stands for man, W for woman, rels followlng these

letters represent the age, ¢ end 1 1 £nd right, H denotes
the hand, VA the forearm, 03 the thigh. |F = foot: US = shank; ¥ =

3 0f = upper arm), etc.

T T ¥elom in C Cenum. !
e LAY
W20, 1 o 20585 |

I

. L 335,53

b IR | A 334,35
1
¥
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1) Volume in cubilc centimeters; 2) specific gravity; 3) absolute
welght In grams.

it wlll be évident from this table how small the influence cof
gpeclflc gravity actually 1s and how little 1t disturbs the parallel-
ism of the two columns (one contalning the volumes and the other
the welght values). The serles 1s broken only at two pointé — namely,
where the values for the head of the 28-year-~old woman and for the
right shank of the 68-year-old man are entered in the table with
the %ﬂ Only 1in thesé two cases 1ls the specific gravity dispropor-
tionately higher, so that it moves the volumes of the corresponding
parts one or two steps higher.

The second strlking fact noted on examinatlion of the table 1s
that with only two exceptlons, which are keyed with the ¥, all sec~
tions of the extremitles separate into sharply differentiated groups.
Only the forearm of the esthetically bullt man, the weight of which
falls into the same serles as the upper-arm weights, and his upper
zyrm, which breaks the serles formed by the shanks of the other
cadévers, disturb thils perfectly distinct separation. However, 1n
ne way do I wilsh to represent thils separction as a génerally valid
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law, and therefore designate these two cases only as exceptlions in
the present serles, and not as exceptions to any type of rule.
The speciflc gravitles array themselves 1in ah ascending order

quite different from that of the volumes or absolute welghts, namely:

(roooy

W.as K M.oae T w MO300 O,
Mob= Us. ) 3360 VA R M au e L
AL 6. US 5. AL G 0L Moh~ om0 W26 TS, L
M0 R AL 10 VA e M e el W. 2, US o1
s 300 1L L W.26. For 200 0% n MG0 L
W. 20, H. r M6y .| MO30.US L M au o
MOod00 Mo W26, Fo Vi, 40 US. L W. 200 04AL b
ML 30. YA L M. 6w Fn M40 Usop M 300 0w L
M6 VAL 1. M. 6w 0L L 3 30 K. M.30. 08,
M6 VAL MO30.F e NLGHR End s ML 300 OB, b
- ML 500 L W, 00 VAL R V26, 05 r
3L 6s. 04k ML For W26, 03, L.
T T T sy

From thls we adduce the rule that age and sex must be taken into
account In addition to the volume found in a partlicular case for a
part of a living individual.

If, for example, we obtain a volume of 408 or 410 cubic centl-
meters for the hand of a 30-year-old [man], we do not take the
specific gravity of the hand of the 68-year-old [man], the volume
of which stands nearest to our figure in the table, but that of the
average of the speciflc gravities shown by the hands of the 30-
and 40-year-old men in the table.

The other parts of the body are dealt wlth in the same way as
the indlvidual pleces of the extremlties, using the lower and upper
pieces of the torso to displace water from the hogshead and finally
immersing the head to determine its voluwme from the welght of water.

If we have determined the volumes and from them the welghts of
all the 1ndividuai parts, we have a means to check the correctness
of the observations and computations in the form of the balance, on
which the individuals are placed before the experiments begln and

Y-
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en completad,

eem

Che whole serles has b

Ince, as shown by the table (sgg I), the distances of the

|#4]

centers of gravity on the individual parts of the body, expressed

as fﬂantions of the total hzip show very small varlations, and

the varlatlions ot the relative averages of thelr distances from the
end polnts of the members vary even less. the table 1s alone suf-
clent for approximate de sterminetion of thelr locl for any other

1iving male Indlvidual.

We can galn our obJect with even ner accuracy by detourlng

throurh calculation. It was indicated in the Tirst report that

zvers, have come to the

various observers, working on dilfcrent o«
same result as regards the anatomiczl locotion aft which the center
of gravity of an entire ex mlcy, Lhe enbire torso, ete.; must be

sougnt. Thus, 1t 1s the plane of the sug xyphoidens for the

torso, the plane of the elbow-Joint plvot axls for the upper
extremlty, and the plane of the upper merszin of the patella for
the lower extremlty.

The formula X = (mx + m x; + mqixji'

RS N 1 + mll) can always‘
O

be used to check whether the positions assumed for the centers of

o

vity, 1.e., the x for the formule, have been correctly selected;

vhere this 1s not the case, they are corvected in accordance with

probabllity wilthin the limits of Chie zcf ery small differences

thiat occur here

Foyr the two large sectiono of , the locus can be sought

if UbCO'd ince wlth the bases Tound by direct measurements for the

formuilas used above and similarly checked by investipatlng to deter.

mine the anatomlecal poslition at Leh thne center of gravity of the
entire torso 1s placed as a resulb,

Finally, a final contrcl experiment fov 5811 of the welght deter.




minations and the distributlon of the centers of gravity in the 1indl-

vidual members can be made by balancing the entire human Individual
in the supine position on the tilting board, using Weber's method,

thereby determining the distance of the over-all center of gravity

from the plane of the crown of the head. When this 1s done, we lnvesti-

gate to determine where
by calculatlon wilth the
corrected In accordance

removing thelr threaded

If we have preclsion measurir

water overflowed, e.g.,
graduated riser tubes,

the indlvlidual parts of

the same point 1s placed as a result, elther
mecnanical seesaw, whose weights have been
with the results — which 1s easlly done by
caps.

iz instruments for the quantlty of

preclsion-wmade cylinders wlth slde-mounted

1t will be seen that 1t 1s possible to weigh
the body 214 check the entlire calculation

by Weber's experiment by determinaticn or the volumes, and without
using a balance.

For example, we used thils method in the case of a 24-year-old

man, the welght of whose hand we sef egual to unity; the followlng
values were found for the sections of the extremiftles:
Foot 2.09
Shank 5.10
Thigh 13.854
Forearm 2.21435
Upper arm 3.3653
On comparison with the averzg cf the correspondlng weights

for the two executed speclmens, thi
the small differences of ~0.2! foot
w3, shank
-0, thigh
+0, forearm, and
-0 upper arm.
The average value of thase diffevernces 1s smaller than that

found for all of these parts

In a later report, if I

executed persons.

to assemble sufficient

data,




I shall publlish more detalled comparlsons of the relative welghts
shown by the members of llving individuals having greatly differing
physiques; here, I content myself only witn the proof that the method

eases sufficient accu-

indicated for making these comparlsons posg
racy.

The use of values found 1in this way for the statlc moments of
all the individual component masses to determine the position of
the over-all center of gravity and the waight'*@ctof in a gilven
attitude of the body 1s simple after correction of the welghts on
the seecaw, and can lead us to our obiective by elther of two
routes: elther by prelimlinary photography of the event or by pre-
liminary measurement.

v, the two methods regulire further birlel discussicn.

The more difficult the attitude to be Llnvestigated in thils respect,

the more necessary does 1t become to tike ths so-called positilive

photographs on glass plates 1nstead of the negebive photographs. Wilth
good 1llumination, the former require only one second, and can be

ander

zis

‘ed more contrasty 1n an extremely convenient manner by subli-
mate solution, which 1s poured over them efter {ixling. For the sake
of the measurements to be made, 1t 1s well., s¢ as not to be decelved

hy the thickness of the glass, to cover Ui surface wilth

rubber or transparent varnlsh and trace the photographed lines 1In

guagtion, which correspond to the horilzontel plane of the Individual

centers of gravity (these have been drawn previously, as determined,
on the 1living indlviduals with colored marks or dobs), onto paper,
and then to beglin wlth the measurements,

It 1s understood that the esvent [mction] is photographed from

5 lesst pronounced and the plane

j§5)
wn
(e

-

the slde on which foreshortening
off dlsplacement of the weight vector helng investigated runs parallel
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to the imtce plane.

It is similarly necessary to select the approprilate camera-

I

to-subject distance and to place the optlcal axis of the 1nstrument

halfway up the height of the entire body Iin the attitude involved.
A perpendicular 1s erected next to the figure and at right

angles to 1ts base surface on the paper ontoc whlch at least all

of the individual centers of gravity wlth their designations have

been transferred, and the distances of the centers of gravity of

all the Individual members are measured.

The approprlate welghts are set on the seessw at the positlons

given by the measurements, and the adjusted so that
the instrument's indlcator settles on zero.

he dlstance between the center of gravity of the counterwelght
and the fulcrum in this case corresponds to the dlstance of fthe
body's welght vector 1in the photographed attitude from the perpen- .

. dicular erected next to the figure, and hencs élso to the position
at which 1t strlkes the supporting surface.

The other method, which involves finding the reciprocal posi-
tlons of the centers of gravity one at a {ime by direct measurement,
is more clrcultuous, but also more accurate:; this entalls projection
onto the plane on which the figure is standing in the attltude in
guestion. It requires more tilme and 1sg conseguently used only In

the less difficult attitudes.

For this purpose, I used one of a series of rods correspordirg
to the individual parts of the body; these have round sectlons wad
stand 4-9' high. A 1/2'-long horizontal arm can be shifted along =ach
of these rods, and secured at any height on Lt with a setscrew. Ti's
arm terminates 1n a wire 1 1/2 lines in diemeter, which is grooved
verticelly at 1ts most anterlor point. & silk thread 1s attached
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to the point of the rod. This carries a small conical steel plummet.

Fach rod bears the name of the pert of the body for which 1t 1s used.

» The model to be investigated steps cnto a horlzontal platform

that 1s divided into squares one centimeter on a slde and assumes

the required attitude. Lines ave deamn on hils body to represent the

horizontal planes of the centers cf guoevi

attitude has been struck, the ons

1ty. As socon as the proper

Hift the horlzontal arms

of the rods to the lines of the centers of gravity, following a plan

worked out 1n advance 1in accovrdzancs with thz spnecific circumstances,

g that the appropriate photogrenis of Uh

Bt

particular purpose of the inwvestlgatlon, 1.e., for det
b

the displacement of the center of gravit:

m
-
=
—~
C

the right or left. Then the mcdsl walks off the divided

half thickness of each
fumbling for

erminatlon of

" talkling care not to disturb eny of the vods, and next the threads

with the plummets are lald over the notches on The wilires carried by

7
the horizontal arms of the rods znd The polints of thelr contact wlth
the individual parts of the body projected oanto the dlvided surface,
Fiwe locus of the over-all center of gravity is determined from the
veodings noted on this surface, usling the first method.

*
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