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THE CENTER OP GRAVITY OF THJä UyilAN^BOßl 

AS RELATED TO THE EQUIPMENT OP THE GERUAN INPANTRI 

By ■'•-v>5l'fM^..;':-,', ^ 

W, Braune and 0. Flacher  r 

The action of the earth's power of attraction can be iinagined as a force 
'.>,•'. ' ■■.■ ■ ■■■'•■ ■■ -■ ::'.:vri<--1

,':'v:-." 
from every center of gravity of the body, acting in the direction of a line .' 

connecting each center with the center of the earth, and equal to the jretght 

of the mass gathered at the original point. Because of the great distance^ 

from these points to the center of the earth, all these lines run parallel 

to each other. A resultant therefore exists for these forces of inertia. 

This resultant corresponds to a fixed straight line for every position of 

the body. This straight line remains unchanged if the body is displaced in 

space over not too great a distance, while still remaining parallel to itself, 

but does change its position within the body as soon as the latter is rotated 

about it. The straight line in the new position intersects the old one at a 

definite point. -However, all the other lines that represent the positions of 

the resultants of the forces of inertia due to new rotation of the body also 

pass through this point. This point of intersection can thus be considered 

the coinnon point of attachment for all the resultants of the forces of inertia 

for every possible body position. This is the body's center of gravity. The 

size of the resultant is the body weight, since the resultant is also the 

total of all the individual forces of int-rtia. We can therefore consider the 

weights of all the separate parts of the body as being united In the body'e 

center of gravity. We shall call the direction of this resultant the body's 

gravity line. The gravity line is thus the line that connects the body's 

center of gravity with the center of the earth, and therefore does not change 

its absolute position in space if the center of gravity remains unchanged, no 
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matter how the body may otherwise be routed about'thl» cwtep^^ ^!the^«r v 

hand, every rotation of the body on the center of gravity changes'the pot ttlon 

of the gravity line in relation to the body itself. As long as the'gravity 

line intersects the body's supporting surface, the body is upheld, but aa;V  ,; 

soon as this line falls outside the supporting surface, the body falle down. 

The supporting surface is not identical with the portion of the body; 

surface that actually touches the ground. This is only true when the, eupportr 

ing surface is in one piece and its edges are everywhere convex, as la the  . 

case with the base of a circular cone, • But if the edges have indentation«, 

that is to say are outwardly concave at any point, the portion that lies in 

the concavity must also be considered a supporting surface, all the way to 

the double tangents that are determined by these concavities. Condition« ' 

remain the same even if the concavities go all the way through, that i«, if 

the surface consists of two or more pieces. Then the entire intervening space 

between the two double tangents also belongs to the entire supporting supf^ce. 

Thus the supporting surface for the human body, when standing erect on 

both feet, consists of the two soles and the space between the double tangent« 

that can be made to contact the tip of the foot and the back of the heel, 

A man can reduce his supporting surface to a minimum, when standing 

upright, by standing on one leg and raising himself on his toes. It reaches 

a maximum when the two legs are spread as far apart a« possible, a position 

that is instinctively assumed in fencing or in «tanding on a swaying deck, 

for the gravity line can then swing back and foöih a great deal without 

falling outside the supporting surface. 

In the case of a single supporting point, the body is supported when the 

center of gravity lies in the vertical at that point. A supported center 

of gravity can assume three different positions in relation to Its supporting 

point. 
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i; The center of gravity can co^cide with the-supporting point^I^ 

mill then retain its position for any rotation of ^the^dy'aro^tWa'pi^,^ 

and the body will therefore always be balanced in any position. This is ^ 

called indifferent equilibrium. ' \;;V^^"!'- 
' .   ■      ■. ■    '■  *■■ .»■•,•■'f-,«-."'',1:' 

. ■    ■• ' ' ■   '   ■>- ...i"y'i]'.^.. 

*) The center of gravity can lie above the supporting point. ' In this  " 

case every rotation of the body moves the center of gravity away from ths 

vertical and lowers it at the same time.    An outer force is then required to 

bring the center of gravity back to its original position, since it is noS ; 

longer able to do this of its own accord, but always has a tendency to fall 

still more.    Since the force of inertia gains a moment of rotation when the 

center of gravity leaves the vertical, this center will keep on falling until 

it reaches its lowest point.    This is called labile equilibrium. 

3) The center of gravity can lie below "the supporting point.    In this 

case any rotation of the body raises it, and creates a moment of rotation 

that brings the center of gravity, that always has a tendency to fall, back 

to its original position, the lowest of all.    The body is therefor« bound 

to return of its own accord to its position of equilibrium.    This is called 

stable equilibrium. 

Thus, in labile equilibrium, the center of gravity always assumes the 

highest position in rotating on the aupportinc point, while in stable 

equilibrium it always assiunes the lowest. 

The abstract lever arm created by the force of inertia, with any movement 

out of labile equilibriu-n, is the shorter, the nearor the center of gravity 

lies to the supporting point, and it becomes equal to zero when the two 

coincide, this condition being the characteristic of indifferent equilibrium. 

This is why the unsteadiness of position in labile equilibrium becomes greater 

as the distance increases between the center of gravity and the supporting 

point.    Daily experience teaches the sama thin,:,  for the closer the entire 



I •CRIAL NO. 

Tranalation No. 379 

body's center of gravity io to the groundj 

because the mooent of rotation of the force of inertia'ie smallerj^tliVi]^ 

the center of gravity lies, for the same movement out of rest position,'nThls 

is why short people stand relatively more securely tlian tall ones,   iv >>"l^fe   ^ 
.■■'■.      ' •'   .    ' •    ■■.•,' '''i, '••';■ ^ ..;■■    -"' 

■•"■, ■ .'■     ■■'•'■ >,■„;,.,;.'•>   ,,-.; 

An exact knowledge of the location of the center of gravity of,■,the entirs 

body, and above all of the separate sections of the limbs, together with a    v 

knowledge of the combined weights in the centers of gravity, is the absolut© • 

requirement for formulating the statics and mecranics of the human.bo^^since^ 

this knowledge is what makes it possible to distinguish what forcesmustbe • 

overcome by each separate muscle with each body movement. .   v        • 

The question arises as to whether there can be aiv center of gravity in 

the body at all, because it is not a fixed mass but consists of separate   .:'   "^ 

limbs that are always changing their position in relation to each other and 

cannot even be considered masses in the mechanical sense, and because fluids 

are always flowing through the body.    In the absolute sense the answer is 

certainly no.    Mosso has actually proved, with his balance, that the center 

of gravity of the body is always changing, due to respiration and circulation 

(Archives italiennes de biologie, volume V, Turin, Loscher, 1ÖÖ4, page 131, 

"The use of the balance in the study of the circulation of human blood"). 

However, this change of    position is so insignificant that it can be disre- j 

garded in connection with most problems of human statics and mechanics.    In 

the same way, changes of form due to the softness of the tissues do have an 

effect on the location of the center of gravity, but this effect too is so 

small that we can still speak, within certain limits, of a real center of 

gravityc 

Things are very different as far as the changing positions of the linibs 

are conc«nu'd.    The Joints make thom able to move so far, in relation to each 

other,  tkit the common center of gravity is greatly displaced by a change in 

wavTgrm 
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their position.    In the average position, the/cg^«|;^tor^|^ 

the body, but the latter can be bent over so far"^ 

entirely outaide of it. Just as in a curved arch.'  Eveiydeteradrut^f^ 

center of gravity is therefore valid for only one definite body position^ i'' 

It is also evident that such determinations are bound to'.be'lnd^ichilU^ 

only, up to a certain point, because of the difference in the distribu^on.' 

of the mass inside the body for each hmnan bein«, according to a^s^etc. 

Matheruaticians and anatomists began a long time ago .to Investigat^he ' ; 

body's center of gravity, but they did *> by methods that ware bound^P' V^ 

incomplete because they dealt with the   oft body, or reduced It to ?^le v 

stereometric forms.    It therefore seems necessary to use a new method in;'     / 

attacking this problem, a method that does away with these disadvantages by 

making the body so stiff and unyielding, without adding to Its mass, that'it 

retains its form unaltered in any position. 

The mathematician Joh.  Alphonsus Borellus (De mo tu anLBaliu«, Lugduni 

Batavorum, 1679) determined the center of gravity of the human body by haying 

a nude man stretched out fully on a level board, the center of which was ' 

supported by a three-sided, prism-shaped wedge (page 176, proposition 134). 

Equilibrium then occurred when the upward prolongation of the cutting edge of, 

the wedge lay between the buttocks and the pubis. 

The reaults obtained by the brothers Wilh. and Ed. Weber (Mechanik der 

menschlichen Gehwerkzeuge, G^tin.en, 1036, p. 1U and foil.) were more exact 

than those of Borellus.    They did seek to balance a body by laying it on a 

board supported by a horizontal wedge, as did Borellus. but they did not move 

the board back and forth for this purpose,    instead,  they first balanced the 

board before laying the body on it, and then they moved the body alone until 

it was in equilibrium.    The resulting measurement was thus entirely independent 

of the board.    Furthermore,  they did not try to fir* the position of balance 

J 
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for the body itself directly, aethis isVit^^^lb^e^^ 

arrangement, because the body will always tend to lie more to one »i^ 

the other.    Instead, they limited themselves to noting the drop of the-board >: , 

to one side, and then repeated the measurement, after, turning the bodyJaip\md/V ■ 

on the board.    Since one measurement of the location of the center of gravity > 
.  S   " .v. TV'VT ■'!.■!!  . 

-% ■'',..■    V  ' *■■ : -i-Y ■   •   ., ■■ 
» rt *,'-_,     '" ' ■ 

was as rauch too hi^h on one side as it was too low on the other, the nean V'  ' 
•     ' ■.  .  "'■,;■ ..•-- .';.■>•-. ' .,■ 

i. ■ ' ■v ,. - ■  ' V- ":'.'*' '' ' '••'■',•*;.•,";.li, 

between the two gave the true location« By making a series of independent yx, ^ 

measurements of the body of a roan 1669,2 ma. tall, they.found t^t the'cjenter ^v 

of gravity lay 721.5 ram. from the crow, 9A7.7 mm. from the heel, and 87»7 mu " 

from the rotational axis of the hip. They then measured the vertical distance 

from the promontory to the rotational axis of the hip on a skeleton of. the '.,- 

same height as the man, and found it to be 79 mm. Since this distance can vary 

little in paople of the same height, it was possible to deduce a fourth dio- 

tance in relation to the location of the center of gravity, the vertical   . 

distance from it to the promontory, which was 8,7 ran. 

The center of gravity was higher, about at the level of the navel, when 

one leg was removed from the cadaver, and it lay still higher, at the extension 

of the breastbone, when both legs were removed« 

According to the Weber brothers (as above, page 119), "when standing per- 

fectly rigid and notionleso, with no help from the muscles, and with knee and 

hip .loints drawn up as hic:h as possible above the location of balance, the 

center of gravity of the torso alone lies in a vertical line directly above 

the ankles, while the hip joint is in front of and the knee joint behind the 

vertical drawn through the center of gravity. The pressure exerted by the 

weight of the torso on its supports will then have the same effect as if the . 

knee and the hip joints were stretched still more, but this is prevented by 

the elasticity of their tendons. The entire body ia then supported, right down 

to the ankles, by thu bones and tendons of the legs, and needs to be balanced 
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Hernnann von Meyer is the raan who studied the center of gravity,'and V  ' ' 

human statics and mechanics generally, most profoundly.    His works are'to be - 

found partly in Müller'a Archiv, 1853 and 1854, as fojLlowa;/ «The Upright •? ,■ 

Standing Position," 1853, page 9;    "The Upright Walk^ 1853, l»ge 365;f; "The 

Mechanics of the Knee Joint," 1853, pase 497;    "The Individual Characteriatics 

of the Uprinht Walk," 1853, page 548;    "The Normal Curve of the Spine^b^^ \ 

Fr. Horner, vdth a postscript by Meyer, 1854,-page ,478; and, partly in W":r 

treatises:    "The Changing Locations of the Center of Gravity in the Human Body, 

a contribution to plastic anatony," Leipsic, Engelmann, 1863, and."Statics 

and Mechanics of the Human Body," Leipsic, Engelmann, 1873, , , 

Borullus and the Weber brothers measured the bo(ly in a recumbent position 

and were satisfied with determining the vertical disUnce of the center of 

gravity from the crown and the foot, assuming a complete bilaterial body    ' 

symmetry that would make this center lie in the median plane.    Meyer also     ' 

sought to ascertain the location of the center of gravity from back to front, 

and in so doin^ used the upright position that he described and called 

"military."    His method consisted of giving the body a forward bend at the 

ankles, without any other chan-e of position, until danger of falling became 

evident at the axis drawn through the centers of the metatarsal heads of both 

preat toes.    "The torso and legs were also bent backward, as a single unit, by 

stretching the ankle Joint until danger of falling became evident at the rear 

edRe of the heel.    The center of gravity thus moved all the way across the 

supporting surface.    Exact measurements at definite recognizable points on 

the le^s nad« it possible to determine the angle which they made with the. 

horizontal, both for the original and for the tm end positions.    This indicated 

at once the an^le covered by the motion of the ankle Joint, and this angle, 

together with the horizontal «iisplacement indicated by the length of the foot. 
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determined the poeition of the gravity line to-{t^;originär^ 

Mevor found the lof.nt-Jnn nf tha  nAnf»> >^ *i_' - ^L_ ' . /V^r\'' »• Meyer found the location of the center of gravity^ for the uprights- 

position that he called »military," to be in the aecond eacral vertebra'or 

directly above it in the sacral cavity, and he found the gravity linei that'coaes 

from it to be 5 cm. bohind the axis of the hips and 3 cm. in front of the axi» 

of the ankles ("Statics and Mechanics of the Human Body,« Leipsic, 1873,;; 

page 20A). He later determined the center of gravity for the separate part« 

of the body by reducing the head, the torso and t^e legs to simple «athflwati- 

cal shapes (ellipsoid and sphere). According to him, the center of gravity ' 

of the head lies a little in front of the atlanto-occipital Joint.. He remark« 

in thla connection (Meyer-Horner, p. 499), that labile equilibrium 1« used 

a« little in the support of the head by the atlas as in the support of the 

body by the hip or ankle Joint. Combining the center« of gravity for head 

and torso then gave the location of their comon center of gravity in the 

torso. It lies, according to Meyer, a little in front of the center of the 

forward edge of the tenth thoracic vertebra. He then divided the body'into 

further parts by the same method, dividing the torso in the narrower «enae 

into two ellipsoids, one for the th->rax and one for the pelvi«. He also 

determined the center of gravity of the entire leg, and stated that it lay 

266 mm. from the trochanter, in the leg axis, for a leg 720 mm. long. Meyer 

obtained the weights of the different parts from Krause»«"Manual of Anatoncr.» 

He then constructed a large number of figures in different poses and positions, 

with this naterial as a basis, and showed to what an amaaing extent the location 

of the center of gravity changes, according to the position of the torso and 

the grouping of the extremities. 

The next scientist to investigate the center of gravity of the human body 

was Harless (-Static Moments of the Dimensions of the Human Limbs," page 71 

and following, in -Treatises of the Mathematical-Physical Class of the Royal 
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Acaden^jr of Sciencea of Bavaria," volume 8, lebO/Plrat^^ 

He repeated the Weber experiments-on^a weU-built-^ng nan of twent^i^' 

He was 1655 mm. tall, and the mean diatance from the center of gravity to the 

aolea of the feet was 970 mm.    For a total heicht of 1000 mm. thia «wrreaponds 

to 586.102 mn. from the soles and 413.898 mm. from the. crown.    According to   V^ 

Weber,  the distance of tte center of gravity from the heel waa 947.7 nm^for 

a body 1669.2 mm. tall, or 432.24 mm. from the crown and 567.76 mm.^rpm'thev 

heel for a full height of 1000 m*.    The difference between the Harleas'and   Z 

the Weber measurements waa thus 1.3* of. the full height.    Valentin (Harleaa 

as above) fourid 429.19 as the diatance from the crown.    According to Meyer the 

distance from the crown waa 768 ram.  for a body 1897 ran. tall.    This amounts 

to 404.96 from the crown and 595.14 from the sole for a height of 10000(   In 

thia case the difference from the Weber measuremonts waa 2.73JJ of the full 

height, - 

According to Harless, the mean diatance from the crown, for four different 

individtials, waa 4^0.07 for a height of 1000.    He thus tried to obtain con^ 

parabl. values for the individual measurements by making the body l«ngths all 

equal to 1000. and then calculating the distances from the center of gravity 

t. the crown and the SoleS per thousand.    In doing this, however, he did not 

take into consideration that the 11-nbs can have very different proportions in 

different individuals,  that the height of the shoulders varies extremely, that 

two bodies of the 3ame height can have legs and toraos of different lengths, 

and that this would naturally bring about a different location for the center 

of gravity, due to the different diatribution of the maaa.    For inatance   a 

blacksmith with very heavy and hisset arms would have a higher center of 

gravity than would a tailor of the same height with w.ak arms and low shoulders. 

Furthermore,  it could also happen, with the Harless hypothesis, that tno bodies 

of tht, same height .ould have the sane distance for the  center of gravity to 
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the crown, and yet show a great difference in the location of thla center'from 

the anatomical-mechanical point of vitm. One Individual might have vexygehört 

legs, and thus have the center of gravity far above the promontory, while 

another man of the same height but with long legs would have it below, although 

at the same distance from the crown. Thus dutorraining the center of gravity 

by the distance from the crown is of less value than the anatooical-mechanical 
i ■ ■■ ■ . 

deterndnation, and is not improved by taking the arithmetical mean of many 

maasurements. 

The main importance of Harlees is that he, like Meyer and Horner, under- 

took to find the centers of gravity of the different body sections, but much 

more thoroughly and exactly. He made his measurements by the balance utethod, 

and thus obtained their vertical positions. He divided the masses of the 

limbs at the ends of the lever arms, that is to say, at the axes of the Joints, 

because of their static moments. However, since he was using soft tissues, 

he removed the entire joint in making the cuts at the hips and shoulders« 

After repeating the Weber measurements on a living body, he used the body of 

a man who had been beheaded (Graf) to measure the centers of gravity of the 

separate body sections, and obtained the following values: 

Body height 172.685 cm.  r'«" 
Height of foot 6,0 cm. 
Length of lower leg 42.9 cm. ■ 
Length of upper leg ^,9 cm. 
Trochanter line to summit of 

crest of ilium 14,0 cm. 
Hip bone level to summit of 

acroraium process 39,0 cm. 
Length of head from chin to crown   21,2 cm. 
Front neck length 4,7 cm. 
Lenp.th of foot 25,369 cm. 
Ljii/:th of rtitire arm 86.6 cm. 
Length  of up^er arm 36.4 cm. 
Length of forearm 29.889 cm. 
Length of hand 20.3U cm. 

The welphts of the separate parte were as follows (from the body of a man 

who had boon executed and therefore drained of blood): 
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Weight before exocutlon^/:■:^:■63970■;:■g.^'■■,^••"'i^^^if^K!^i 

Head ' 4555 g. ' /^'C " 
Torso                     . 29608 g. 
Both arms ,    7540 g, "•, ;    '>^ 
Both logs 22270 g. ••;t':vvv; 
On« hand (mean) 540 g« '. V . ; v^:.' 
Each forearm 1160 g. Ol 

Each upper arm 2070 g, 'v:'::',::'<^':;'- 
5aoh upper leg 7165 g* X'; 
Each lower leg 2800 g. /,, 
Each foot 1170 g. ,. 

In determining the center of grarity of the torsot he aseumed that It 

consisted of two truncated covers.    He calculated the weight of the torso 

In this »ay, with the specific body weight considered as 1.066,  in order to 

prore that considering the torso as a system of cones did not rosult in too 

great an error.    Ue obtained 28.5153 kg. as the weight of the entire torso, 

while weighing it directly gave 29.608 kg.    The specific weight he used was 

very hi^h, as Riyen by Harkness and  Baumg&rtner, while Hermann indloatea 

0.9213 aa the average spaclfio weight for normal oorpses (Vlerordt, Tables, 

Jena 1688).    Since Harless used a body drained of blood, the difference 

between the calculation and the direct weighing of the blood-filled torso 

should have been mich greater«    Considering the torso as composed of mathe- 

matical shapes and at the same tin» assuming an equal distribution of mass 

throughout, would thus result  in serious error as far as the weight is con- 

cerned.    But since the masses in the torso are rery unevenly distributed 

because of the position of the heavy spine toward the rear, determining the 

center of gravity by the aid of this mathematical fiction becomes more 

unreliable than ever. 

Direct measurementa for the  location of the center of gravity In the 

extremities gave the following results: 

j 17.621 cm, from upper end 
1) Upper arm 36.4 cm, long I 

(18.779 cm. from lower end 

(13.I22 cm. fron upper end 
2) Forearm 29Q8F9 cm. long { 

16,767 cm, from lower end 
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3) Hand 20.314 cm. long 

U)  Upper leg 4A,9 cm. long 

10.691 cm. from lower end < 

r20.995 cm. from upper end 

,23.905 cm. from lower end 

(15.455 cm. from upper end 
■ 

27.445 cm. from lower end 

6) Foot 25.369 cm. long 
11.664 om. from rear end 

7) Head 21.2 cm. long 

13»705 cm. from front end 

7  om. from crown - 

5  cm. from chin [13.! 

8) The center of gravity of the upper section of the torao lay- 
lay 23.465 cm. from the lower edge and 17.53 cm, from the ; 
uppar edge. 

The center of gravity of the lower section of the torso lay ' 
5,8099 cm, from the upper edge and 7o6101 from the lower ' 
edge. 

He divided the torso Into an upper section, that reached down to the ' 

crest of the hip bone, and a lower section that included the pelvis. It 

is as incomprehensible as it is absurd that in making his calculations he 

extended them to the hundredth and the thousandth pZhrt of a millimeter. 

He then calculated the location of the common center of gravity of the 

executed man from his measurements for the distances of the centers of 

gravity from the ends of the limbs, and again found, after reduction to a 

height of 1000, that it lay at 413.65 cm. from the crown. 

Before this he liad determined the center of gravity directly, on a 

livine, well-built young man of twenty-four, according to the directions of 

the ffeber brothers, and found that it lay at 413.898 from the crown. Although 

these two results agree to a striking extent, this agreement cannot be consid-' 

ered a proof of the exactness either of his direct method or his indirect one, 

such as considering the torso formed of a system of geometrical shapes. 
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because these results were obtained from two entirely afferent ^^d^8,t 

We merely wish to point out that the distance of the center of grarlty from 

the crown proved to be A32.24 for a height of 1000  in the Weber experJUaents. 

In a second treatise (as above, page 257 and following) Harlesa gives 

the measurements and weights for a second corpse, a young man of twenty-nine 

(Kefer) who was executed, and therefore drained of blood. ,; 

Entire length 167.85 cm. ; ,V 
Head 20.2 cm. .  . 
Torso 57.5 cm. 

Upper leg A2.3 en., lower leg 38,15 cm., height of foot 9.7 cm. 

of tols ?!9 m Cm" "^ 0f f00t at heel ^ Cm•' ^^ at ball• 
Upper arm ritfit 30.6 cm., left 30 cm. 
Forearm right 2o.A cm., left 26.1 cm. 
Hand right 18.5 cm., left 18.9 cm. 
Distance between two sumlts of crest of ilium 27.1 cm. 
Distance between rotational points of shoulders 29.9cra. 
Distance between rotational points of hips 16.8 cm. 
Weight of corpse A7087 g. 
Head alone 37^7 fi. 

Torso drained of blood, without head or extremities 198i.6.5 e*    ' 
Upper arm right 148/,.5 g., left Uli.3 g. ^ ^^ g« 
Forearm right 821.1 g.# left 770.1 gD 
Hand right 393.2 g., left 37A g. 
Upper leg right 59A7 e.,  Itft 5827 g. 
Lower leg right 2242.6 g., left 2252.4 g. 
Foot right 982.2 g., left 988.2 g. 

Information on the location of the center of gravity is given later, 

with our own« 

Since Harless determined the height alone of the centers of gravity, the 

location of all the centers in the other two directions still remains to be 

found0 Such a determination of the centers of gravity for the entire systems 

can be controlled by calculating the same center from the directly measured 

centers of the individual actions, and this also offers a control that works 

backward for the experimental determination of the centers of gravity in the 
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separate sections. Neither Meyer nor Harless did: this^tpor did'th^d^ijnini' 

the center of gravity for the entire body or for a system of body part« both ' 

experimentally and by calculation for one and the same,Individual, this being 

the only way in which any mutual control of the two kind« of investigation i« 

possible. Harless did compare his calculations, although they dealt only with 

the height, with values that he obtained experimentally, but the octual raeaaur«- 

raents had been made on a different individual. . 

In our own investigation of the center of gravity, that will now be 

described in detail, we avoided the errors due to dealing with soft material 

by freezing the bodies to a rigid mass. We froze the cadavers so hard with an 

artificial freezing raixtur» that they remained absolutely solid both a« a whole 

body und later in sections, to the very end of the experiments. 

The method used to determine the eoa.ct center of gravity in a «olidly 

frozen cadaver or a section of it, a method that we worked out a« a practical 

one through repeated experiments, was the following. 

It would, of course, be quite sufficient to hang up the body twice by a 
for 

cord, from different spots, it would swing back and forth each time until the 

center of gravity was directly under the point of attachment and therefore in 

the Prolongation of the cord, Thie center would then have to lie in the point 

of intersection of the prolomjation of the two cords. However, this method wa« 

not used because of the practical difficulty of following the direction of the 

cord through the body, so that the results were bound to be inexact,, 

The body was therefore not hung up at a point by a cord, but was hung on 

an axis formed of a pointed iron rod, as slender as possible, but still strong 

enough and hard enough to prevent it from being bent by the weight of the 

body. Stronger steel rods were thus used for the whole body than for the limbs, 

and stronger one3 for these 
lhan for the lower leg or the foot alone, a« these 

needed relatively thin rods only. Hanging up the body, or part of it, by three 
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different axes thus roade it possible to datormine three planes in eaoh.cas^j 

practically at right angles to eacli other, in each of which the center of '- 

gravity must lie, so that the latter was found to be at the point of intersection 

of all the planes. The rods were very hard, and had long sharp points, so that 

It was easy to drive thym through all the tissues of the frosen cadaver and 

the bones as well, after starting them in the right direction with a blacksmith's 

hammer. Since th«y were perfectly round, they formed an axis around which the 

body swung easily back and forth in every case, until the center of gravity 

was directly under the axis. Thia location was easily and exactly reached 

because we always placed the axis as far as possible from the probable location 

of the center of gravity. Each plane in which the center lay was determined 

by two plurab lines hung from the axis, and the line where the plane cut the 

body surface was marked on the latter, fhis cutting line was found very exactly 

even when the plumb lines could not be hung right at the point of insertion of 

the axis, because the cords were made so long that they could be lined up 

by sighting across them below the body section. 

Considered by itself, it would make no difference how this system of 

planes was related to the body. However, it proved useful to make one plane 

practically perpendicular to the longitudinal direction of the body or section. 

This was done by first laying the body or the section lengthwise across a sharp 

edge until it was balanced, upon which we drove in the first axis right above 

this edge and parallel to it, as near the body surface as possible. After 

determining and marking the location of the first plane on the body surface by 

sighting across the plumb lines, the body was hung up a second time. The second 

axis was driven in as far as possible from the marked transverse plane, in a 

sagittal direction and as nearly as possible in the median plane, and then the 

second plane was projocted on the body as before. Then the point of intersection 

of this plane mark with the first plane mark had to be fixed by scratching it in. 
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Then the body was hunß up for the third time in the Ban» > way/with'the tth^ 

axis as far forward as possible, that is to say/peniOTdicular to the w^   ¥^ 
■  -   i .;■ .■..,.■■        ■;■.•■    ■:^rf):.-.   ■■:>-, 

axis, and also as far as possible from the transverse plane. The body waa *:lr ' ■ 

then marked once more at the point of intersection of this last plane with the,' 

mark of tha transverse plane, .:  ;",'  ^ 

The bo<iy was thün sawed through the transverse plane. After this, two ". 

fine threads were stretched on the smooth and unifornly hard surface of the 

cross section, connecting the points of intersection on the body surf ace with v 
The "' '' '''?-,.'  '. 

each other, point of Intsrsection of the transverse plane with the two other« 

thus determined the location of the center of gravity, which was indicated by 

the intersection of the two threads. This way in which the second and third 

axes were driven in, perpendicular to each other, made these threads crosa each 

other every time almost at ri^ht angles, and this made it very easy to find the 

point of intersection. 

Altogether we had four fresh, normally built male cadaver« (suicide») 

at our disposal. The first one served only to detenaino the connon center of 

gravity, as we were not allowed to cut it. The center of gravity of the whole 

body and of tho torso alone could not be determined very exactly on the second 

cadaver because the body beRan to break up during the measurement and thu« 

made it change its position. Therefore, only the last two cadavers served, for 

all tho meaaurementa, 

CADAVER NO. I 

The first oadaver was that of a young man of eighteen, veiy well built 

and with fin« muaclee, 169 cm, tall, who had shot himself. The body reached 

the Anatony Department in fresh condition and in strong rigor mortis, 1'he 

abdomen was riot distended, but rather sunken. As the body could not bs cut, 

we could only carry out part of the above method in this case. We had to b« 

satisfied with hanging up th« body three times, as described, marking the level« 
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of the three planes on the surface, and then tranaferring the polnta^of'plime 

intersection to the skeleton of a man of the san» 8i«e by insuring the bone 

protuberances, and stretching the threads there. '.-V 

The common center of gravity which we found in this way lay at the level 

of the lower ed^e of the second sacral vertebra, alinost in the plane of the 

entry to the pelvis, 0.5 cm. to the right of the median plane, 4.5 cm. below 

the promontory. In the plane determined by the promontory and the center points 

of the two hip Joints. 

On being frozen, the body lay on its back on a horiaontal board. The ^ 

head was not raised, and the limbs were symmetrically arranged, with the legs 

stretched out and slightly rotated outward, and the arms slightly bent at the 

cubital Joint, with a semi-pronation of the forearm. 

CADAVBR NO. II 

This body belonged to a very muscular man of forty-five, who had hanged 

himself. The abdomen was not distended, but rather shrunken, so that the lower 

edge of the thorax was plainly visible. The body was 170 cm. long and' weighed 

75100 g. It was frozen in exactly the same position as cadaver I. 

The head and the limbs were eawed off, after all the marks were made 

on the body as described, and put back into  the free.ing mixture to keep them 

frozen solid. Then the torso alone was hung up three times, and all the neces- 

sary marks were made on it to fix the position of the center of gravity. This 

took quite a long time, as our technique was not yet well enough developed to 

allow us to work fast enough and yet get all the measurements exact. During 

this time the torso began to thaw out, as already mentioned. There was nothing 

more we could do, since it was no longer possible to saw through the transverse 

Planes, than to drive lone thin steel pins into the body at the corresponding 

points and thus dutemine the intersecting lines of the planes and the common 
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center of gravity, and the center of gravity of th«>torao alone," iiw^a't*f- 
., ■■\v:.,-,1 v/, •• . ■ ■■^y^^~^^\- 

body, as vrell as we were able« ■  *, ,." ;..-„    ■ -'• •p-''?;->'^":: 

All that we could determine exactly about the.conmon center of gravity 

was that it lay near the promontory, but below it. ' '^^ 

We were able to determine the center of gravity of the torso alone a 

little better. It lay noar the median plane at the lower edge of the firat. 
Y 

lumbar v^tebri, at the attachment of the ligamenta. The weight of the torao 

alone was 36020 g, ' :   , 

We were able to determine all the values but these, that are only 

approximate, very exactly, according to the method described, on this cadaver 

and on thö two that remained. 

The center of gravity of the head lay right in the median plane, at the 

clivus, at the connection of the sphenoid and the occipital, below the slope of 

the pituitary cavity. However, it should be pointed out that we removed the 

head with part of the neck. The saw actually passed 5 cm, above the lower part 

of the throat and backward at an angle through the neck. The center of gravity 

as we found it was thus a little farther forward and lower down than that of- 

a head without a throat. The head with neck weighed 5350 g. . 

The arms were sawed off from the armpits upward and in a sagittal direc- 

tion, so that the saw went almost through the center of the head of the humerus 

in each case. The arms were weighed as soon as they were removed. The right 

am weighed 4950 g, and the left arm 4790 g. The center of gravity of the 

entire arm was then determined, but at first the planes were merely marked on 

the surface. Then the upper arm and the forearm weresawed apart. The cut 

should have «one as nearly as possible through the head of the cubital Joint, 

but it later developed that the saw had nut hit the axis exactly, but cut through 

below it, so that the upper arm was in both cases a little too long in proportion 

to the forearm. However, it Just happened that the center of gravity of the 
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entire arm lay right in the plane of this cut. We then found the center of 

gravity of the upper arm alone, and tlien of the entire limb, although before 

doing so we weighed the upper arm, the forearm, and the hand. After that we 

determined the center of gravity of the forearm with the hand, again merely 

marking the planes for the time being. Then we removed the hand in the trans- 

verse plane of the bending axis, through the head of the capitulura, so that it 

was now possible to find the weight and the center of gravity of the forearm 

alone and of the hand alone, as well as of the forearm with the hand.  V- 

The length of the right upper arm, measured from the center of the head 

of the huraerua to the cut surface, that went, in this cadaver, nearly through 

the articulating surface of the Joint and not through the cubital axis, was 

31.7 cm., and the weight was 2580 g. The right forearm without the hand, up 

to the cut surface that passed through the head of the capitulum, was 29.5 cm. 

long. The ri„'ht forearm with the hand weighed 2370 g., the right forearm alone 

1700 g., and the rijht hand alone 670 g. 

The left upper arm, Uiat was also cut through the articulating surface ol 

the Joint, was 31.5 cm. long and weighed 2560 g. The left forearm was 29.5 cm. 

long. The left forearn »nth the hand weighed 2230 g., the left forearm alone 

1600 g., and the left h^nd alone 620 g. 

The center of gravity of the right upper arm alone was U.5 cm. from the 

center of Use head of the hunerus, and 17.2 cm. above the articulating surface 

of the cubital joint, in the medullary cavity of the huraerus. 

The center of gravity for the entire right upper limb lay in the cut sur- 

face that went through the articulating surface of the Joint, and therefore a 

little b«low the cubital axis, at the lower end of the brachlalis intemus, 

neir the cubital fold, 105 cm. in front of the bone,' right between the head 

of the flexor and the head of the extensor. 

The center of gravity of the right forearm lay 12.5 cm. below the 
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articulating surface of the cubital Joint and 17'ca/above the hea^of&wl^l 
. ■■:.:-' -' ■■"•■'■■ .:;• ::.■■^^^^;"■ 

capitulum, right in the maas of the flexor, and 1 cm. in front of the'center 

of the interosaeal ligament. 

The center of gravity of the right forearm with hand lay 19 cm. below 

the articulating surface of the cubital Joint and 10.5 cm. above the head of 

the capitulum, inside the flexor, 0.5 cm. in front of the attachment of the 

interosseal ligament to the radius. : ' 

The center of gravity of the right hand, with fingers half flexed, lay 

5.5 cm. below the center of the head of the capitulum, in the palm, 1 cm. higher 

than the center of the third metacarpus head, corresponding to the attachment 

of the third finger, and 1 era.  in front of the bone. 

The center of gravity of the left upper arm alone lay I3.3 cm. below the 

center of the head of the humerue and 1B.2 cm. above the cut through the 

articulating surface of the cubital Joint, also in the medullary cavity of the 

humeruso 

The center of gravity of the entire upper limb lay also in the cut sur- 

face, through the articulating surface of the cubital Joint and a little 

below its axis, in the center of the cubital fold, at the lower end of the 

brachialis intemus and 2 cm. in front of the anterior supertrochlear cavity. 

The center of gravity of the left forearm alone lay 12.4 cm. below the 

articulating surface of the cubital Joint and 17.1 cm. above the head of the 

capitulum, 1 cm. in front of the center of the interosseal ligament, inside 

the flexor. 

The center of gravity of the loft forearm with hand lay 19 cm. below the 

articulating surface of the cubital Joint and 10.5 cm. above the capitulum 

head, 1 cm. in front of the attachment of the interosseal ligament to the 

radius,  in the flexor. 

The center of gravity of the left hand, with fingers ».alf flexed, lay 
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The lower 11*. .,„ ,,„„„„ ^ ^^ th^u* ^he'hip joint'^^>' 

Poupert-e llsuoent. ^ laUr on „ round th.t the cut,^..^ pe^^fi     : 

sj™n»trlc.lljr through the head» of the hip bone«,   ' -    ' ;'.   ;       '   v-ti®    ■ 

The center of «rarity of the entire leg «. flret deterndned ^nltt^"' 

pointe of interaectlon »arked temporarilj, on the .urface.    Then the upper leg : 

»ae r.,   ved by a traneyer.e cut that paeeed through the a*i. of the to... Joint. 

It »aa no. poaelble to detemln, the center of gravity of the upper lag alon.      . 

and alao of the .ho!« lag, 8lne<1 the uttw ^ ln ^ upp((r Ug ^^    ^ 

the center of gravity of the leer leg with the foot ... detemi^d. and al« 

temporarily marked on the eurface. am finally the foot ». razored by a tr«^ . 

verae cut though the «i, of the tlblo-talu. Joint.   Th™ th. center of gram, 

of the low log alono, and after that of the W leg rtth foot, „ra d.te^ 

mined, the latter center lyln, in the lower leg region.    MnaUy. we drten^ed 

the center of gravity of the foot alono, by the method d.-crlbad.    Each of 

these pieces was also wei;jhed. 

The weight of the enttre right leg wa. ^ g„ of the loft lag 11850 g. 

The length of the right up^r leg, fro« the center of th. h^d of th. fa^ur to 

the axle of the knee Joint, waa U cm., and the weight ... 7650 g.    IheXength 

of the right lower leg without the foot, from th. kn« axi. to th. axi. of th. 

tlblo-talue joint, was U.4 cm.    Th. weight of the lower log with th, foot ™ 

• WO g., of the lower leg alone 3210 g., and of the foot along 1100 g.    jh, 

right foot alone wa. 29.5 c. long a,ri 7.8 CM. high.    The laft upper lag «. 

«.3 «. long and weighed 7300 g.    Tha left ao,er leg ^ U-8 ^ ^^    ^ 

left lower leg with foot weighed «Oo g.. the lower UK alnn. 3320 g., .„d th. 

foot alone 1160 g.    The left foot wa. 28.3 an. long and 7.5 cm/ high. 

The center of gravity of the right upp.r leg alone lay 19 on,, brio. th. 

center of tha head of the Joint  nui 25 c». above th, bonding axi. of the to,«, 
1.5 cm.  behind th-, Un« a.p.,,-.,  and .c.ertat toTOrt tho miimi 

« !   1 :!;'.I:'.3-,M 
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The center of gravity of the entire right lower :extreBdty lay •aQAaB^'' v 
"'*-'■'■ v;: ■■—■-•./'V ;-'T^-^y^^v^ 

below the center of the head of the hip bone and S.cm/above the bendij^wds ^ 

of the knee, ri^ht in the center of the rear edge of the bone,       ;'; > 

The center of gravity of the right lower leg alone lay 17,4 cm, below 

the axis of the knee and 24 cm. above the tibio-talua axia, 1 cm, behind the 

center of the interoeaeal ligajnent, exactly in the center between tibia and 

fibula. " - T L 

The center of gravity of the right lower leg with the foot lay 24,6 cm. 

below the bending axis of the knee and 16.8 cm. above the bending axia of the 

tibio-talua Joint, directly behind the attachment of the interoeaeal ligament 

to the tibia. 

The center of gravity of the right foot lay 11.5 cm. from the rear edge 

of the foot and 1? cm. from the tip. It waa 6.5 cm. in front of the center 

of the tibio-talua Joint, directly behind the Joint between the second and 

third sphenoid, at the forward surface of the navicular. 

The center of gravity of the left upper leg alone lay 19,3 cm, below 

the center of the head of the thigh bono and 24 cm. above the axia. of the 

knee. 

The center of gravity of the entire left leg lay 38.5 cm, below the 

center of the head of the hip bone find 4.8 cm. above the bending axia of the 

knee. 

The center of gravity of the left lower leg alone lay 17.4 cm. below the 

bending axis of the knee and 24,4 an. above the axis of the tibio-talua Joint, 

The center of gravity of the left lower leg with the foot lay 25,5 cm, 

below the knee axis and 16.3 cm. above the axis of the tibio-talua Joint. 

The center of gravity of the left foot lay 12 cm. from the rear edge of 

the foot and 16,3 era. fron the tip. 

In thlo case the centers of gravity of the inside of the extremity lay in 

the same location as in the right extremity. 
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Weights for Cadaver 
(Hie figures Indicate'grans) 

Parts of the body Right Left 

Entire body 
Head 
Torso without linbs 
Whole arm 
Upper arm 
Forearm with hand 
Forearm without hand 
Hand 
Jßntire leg 
Upper log 
Lower leg with foot 
Lower lüg without foot 
Foot 

75100 
5350 
36020 

4950 
2580 
2370 
1700 
670 

12120 
7650 
U70 
3210 
1100 

4790 
2560 
2230 
1600 
620 

11090 
7300 
4500 
3320 
1160 

Since these weights were obtained directly, the total of the separate 
weights cannot equal the entire weight, because there is always something lost 
with each sawing. ' 

Dimensions of Cadaver No. II 

Length of entire body, 170 cm. 
Length of head, from below the chin to the crown in vertical 

projection, 21 cm. 
Length of upper leR, right Uh  cm., left 43.3 cm. 
Length of lower le^, right 41.4 cm., loft U.8 cm. 
Height of foot, right 7.B cm., left 7.5 cm. 
Length of foot, rl^ht 28.5 cm., left 28.3 cm. . ' 
Distance between centers of hip joints, 17 en. 
Length of upper arm, right 31.7 cm., left 31.5 cm. 
Length of lower arm without hand, right 29.5 cm., left 29.5 cm. 

The measurements were always taken from the axis of a Joint (center of 

a Joint) to another, as far as the cut through the Joint hit the axis« Only 

in the case of the cubital Joint did the cut pass through the articulating 

surface of the Joint in both artns, and thus below the axis. 

CADAVER NO. Ill 

This was a fresh, very muscular corpse of normal build, of a manual 

worker of about fifty, who had hanged himself. The cadaver was frozen while 

fresh, lying on its back like the others, and was used for determining the 

centers of gravity after buing frozen solid in the same way. The corpse was 

166 cm, lone; and weighed 607$0 g. 

»711— 
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The cnur of gravity «f>h, OTtir.,bo^|^g^^^R|| 

pa««! through the iower .dg. of th. flrat .acnaV^^ ^ t^^'^ ■'' 

promontory itself, but cloa. to It and «omawhat balo,.   It Uy 0.2 cm. ^ th. 

right of tha modian plana a^ 1. c«. in front of tha uppar Una. tranwar^a pf '; 
the sacrum, ■'•        '':■•'■.:'^. ;::';r'','.'<': 

The center of «ravity of the toreo alone, without head or ana«, lay ^ 

the center of the first lun.bar vertebra, 2 cm. fn>a the front surface and ; 

1.4 cm. from the r^ar surface of th« vertebra, and 0.3 cm. to the right of the 

median. 

The center of gravity of the head lay in the fossa Tarlni behind the 

slope of the pituitary cavity, rißht in the median plane. 

In this cadaver the cut surfaces divided the heads of the shoulder Joint, 

exactly in tvro, while the cuts through the cubital Joints and the wrist. 

struck the bonding axeso 

•n* entire right upper extremity weighed 3550 «.    The upper am was 30.6c« 

long and weighed 1990 g.    The ri,ht forearm without the hand was 26.3 cm. Ion«. 

The right forearm with the hand weighed 1550 g., without the hand 1050 g., and 

the hand alone 500 g. 

The entire left upper extremity weighed 3480 g.    The left upper am was 

30.2 cm. long and weighed lß80 g.    The left forearm without the hand was 

27.1 cm.  long.    The left forearm with the hand weighed 1600 g., without the 

hand 1120 g.,  and the-hand along A70 g. 

The center of gravity of the right upper arm alone lay 13.A cm.  fn,m 

the center of the head of the humerus, and 17.2 cm. above the axis of the 

cubital Joint, at the rear edge of the humerus. 

The center of gravity of the entire right upper extremity lay 28 cm. 

below the center of the head of the hu.aerus and 2.6 cm. ^w the cubital axis, 

US cm.  in front of the humeru*, in the brachialis intemus. 
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The center of «ravity of the right forearm alone lay 10.9 CB. below,'the 

axle of the cubital joint, 15.4 era. above the center of the head of the , ' 

capitulum, and 1 cm. in front of the center of the Interosaeal ligament, in 

the flexor, at an equal distance from the radiue and the ulna.    :    , ; 

The center of gravity of the right forearm with the hand lay 17,8 cm, 

below the cubital axia and 8.5 cm. above the center of the head of the capitulum, 

0,7 cm. in front of the attachment of the interoeseal ligament to the radius. 

The center of gravity of the ri<ht hand, with flexed fingers, lay 5,9 cm, 

below the center of the head of the capitulum, about 1 cm, above the second 

metacarpus head, at equal distances, about 2 cm., from the second and third 

metacarpus bones, in the fold between the hand and the thumb, quite close to 

the skin of the palm. 

The center of gravity of the left upper arm alone lay 13,7 cm. below the 

center of the head of the humerus and 16.5 cm, above the axis of the cubital 

Joint, directly behind the hiunorus. 

The center of gravity of the entire left upper extremity lay 29.1 cm. 

below thu center of the head of the huruerus, 1,1 cm. above tHe cubital axis, 

l.U  cm. in front of the center of the humerus, in the brachialis internus. 

The center of gravity of Uie left forearm alone lay 11 cm. below the cubi- 

tal axis and 16.1 cm. above the center of the head of the capitulum, about 1.1 cm, 

in front of the canter of the interosseal ligament, equally distant from the 

radius and the ulna, in the flexor. 

The center of gravity of the left forearm with the hand lay 17.6 cm, 

below the cubital axis, 9.5 cm. above the center of the head of the capitulum, 

and 1 cmc in front of the interossoal ligament, nearer the radius. 

The center of gravity of the loft h-ind, with fingers a little less flexed 

than on the ripht hand, 1/iy 5»7 cm. from t.he center of the head of the 

capitul\un, 0.,8 cm. from the cmter of the capitulum of the third metacarpus. 
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in the palm, 1.2 cm. in front of the palmar «^e ^ 

- equally distant from the aecond and the fourth netacarpus. In thisi^caee-the 

center of gravity did not lie at the surface of the hand, but in the tendon 

of the third euperficial finger flexor. ' ; -/ , 
lower 

The entire right extremity, from the center of the head of the upper 

thigh bone to the sole of the foot, was 92,7 cm. long, and the weight wai 

10650 g. , , , 

The entire left lower extremity was 91.6 cm. long and weighed 10250 g. 

The risht upper len was U2 cm. long and weighed 6690 g. The right lower 

leg alone waa 43 cm. long, and the foot 26.5 cm. long and 7.7 cm, high. The 

weight of the right lower leg with the foot was 3950 g., of the lower leg alone 

2870 g., and of the foot alone 1060 g. 

The left uptMjr leg was 41 cm. long and weighed 6220 g. The left lower 

leg alone was 42.9 cm. long, the foot 26.9 cm. long and 7.7 cm. high. The 

weight of the left lower leg with the foot was 3980 g., of the lower leg alone 

2880 g., and of the foot alone 1090 g. 

In order to avoid any misundoretandlng it must be stressed once more 

that the lengths indicated are not the absolute lengths of the bones, but the 

distances between the respective axes of the joints or centers of the Joints. 

This is why the upper leg seems to be too short and the lower leg too long. 

The center of gravity of the right upj^er leg alone lay 19.7 cm, below 

the center of the head of the femur, 22.3 cm. above the knee axis, and 2.2 cm. 

behind the rear ed^e of the thigh bone, toward the median. 

The center of gravity of the entire right lower extremity lay 37,? cm. 

below the center of the head of the femur, 4.3 cm. above the axis of the knee, 

and directly at the rear edge of the thigh bone. 

The center of gravity of the right lower leg alone lay 18.7 cm. below 

the kneb axis, 24.3 cm. above the tibio-talus axis, and 1 cm. behind the 

interosseal li^uwnt, soraewhat nearer the tibia. 
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The center of gravity of the right lower leg with the foot lay 2^,^? !cm, ■ 
■■■■•'■.■'     '   .';■ ■ *5; .■''♦;'■•■; 

below the knee axis and 16,1 en. above the tibio-talus axis, right at the" 

attachment of the interoaseal liganent to the tibia. 

The center of gravity of the right foot lay 11.4 cm. from the rear':edge 

of the foot and 15.1 cm, from the tip, at the angle of the lower and outer ' 

edges of the third sphenoid, near its attachment to the navicular. 

The center of gravity of the left upper leg alone lay 19,5 cm. below the 

center of the head of the femur, 21,5 cm. above the knee axis, 1,5 cm. behind 

the llnea aspera of the thigh bone, toward the median. 

The center of gravity of the entire left lower extremity lay 3Ö.5 cm. 

below the center of the head of the femur, 2.5 cm. above the axis of the knee 

Joint, and Ü.7 cm. in front of the roar edge of the femur, somewhat to the 

side, in the bone itself. 

The canter of gravity of the left lower leg-alone lay 17,7 cm. below .the 

knee axis, 25.2 cm. above the tibio-talus axis, and 1 cm. behind the interosseal 

ligament, nearer the tibia, in the flexor. 

The center of gravity of the left lower leg with the foot lay 26 cm. 

below the knee axis, 19.9 cm. above the axis of the ankle, at the point of 

attachment of the interosseal ligament to the tibia. 

The center of gravity of the left foot lay 11,8 cm. from the rear edge of 

the foot and 15.1 cm. from the tip, in the angle between the third sphenoid 

and the cuboid on the plantar side, close to the Joint of the third sphenoid 

and the navicular. 

Weighteof Cadaver No. Ill 
(Figures equal grams) 

Parts of the body Right Left 

Entire body 60750 
Huad without neck ucuo 
Torso without extremities 28050 
Entire arm 3550 3480 
Upper arm 1990 1880 
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»r No. Ill (cont.) 

1550     . 1600 
1050       1120 
500       470 ' V-   ■■ :;.'•. 

10650      10250 
6690       6220 
3950       3980 
2870       2880 
1060       1090 

.' ' .'" ■ .'■ ,''- ■ 

Forearm with hand 
Forearm without hand 
Hand 
Entire leg 
Upper leg 
Lower leg with foot 
Lower lop without foot 
Foot 

Here, too, the sura of the weights of the separate parts la bound to be 

less than the total weight, because the weights of the whole lij»bs as well as 

of each section were taken separately, and there was a certain amount of loss 

due to sawing. V -i' 

Dimensions of Cadaver No, III f 

Length of the whole cadaver, 166 cm. ^ 
Length of head, from below chin to the crown In vertical 

projection, 20,2cm, 
Length of upper leg, right 42.0 cm., left 41.0 cm. 
Length of lower leg, right 43.0 cm., left 42.9 cm. 
Height of foot, right 7.7 cm., left 7,? om. ^ ' 
Length of foot, right P6.5 cm., left 26.9 cm. 
Distance between contors of hip Joints, 17.5 cm. 
Length of upper arm, right 30.6 era., left 30.2 cm. 
Length of forearm without hand, right 26,3 cm., left 27.1 cm. 

The measurements were always taken from one Joint center, or Joint axis, 

to the other. 

CADAVER NO. IV 

This was the fresh, muscular body, with little fat, and still in rigor 

mortis, of a laborer xtho had hanged himself. The abdomen «as not distended, 

but somewhat aunkon, so that the edge of the thorax, the xiphoid process and 

the edges of the iliac crest were clearly raised. The cadaver was froten flat 

on its back, with the foroarms slightly bent and in average pronation. 

Wire nails were homered in at definite points, and lines were drawn on 

the body, before freezing, in order to have exact marks in advance foraawing 
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through the joint axes, because the even hardness of the frozen todr'iMde it   ' 

difficult to find the bone protuberances, "J 

1) Hire naile hammered in from the front to the rear through the 
centers of the humerus heads ■' 

2) The cubital axis determined and marked by a cross line 

3) A nail hamnered through the center region of the capitulum 
head on both sides 

4) The anterior superior crests of the ilium marked :■.'■'.:'y ■''.'''>"' 

5) The upper edpe of the great trochanter marked on both sides, in 
order to determine the height of the center of the head of the femur 

6) The axis of the knee Joint determined and marked onboth sides by a 
cross Una 

7) Thu axis of the tibio-talus joint determined and narked on both sides 
by a cross linu 

Projecting these lines and points on the horistontal surface of the table 

also made it much easier to rauasure the body dimensions. 

The corpse was 16Ö,P cm. long and weighed 56090 g. 

The center of gravity of the entire body lay in the cavity of the false 

pelvis.    It lay in the median body plane, 2.1 cm. vertically below the promon- 

tory and ^.5 cm. above tht connecting line between the centers of the heads of 

the thi.:h bone«, at the same level as the upper edge of the third sacral     , 
T 

vetebra, 7 cm. in front of it, and 7 cm. higher than the upper edge of the 

symphysis. 

The center of gravity of the torso alone, without head and arms, lay at 

the upper edge of the first lumbar vertebra, at the front surface, 0,5 cm. to 

the ritfit of the median, and 25,8 cm. above the connecting line between the 

centers of the heads of the thigh bones. 

The center of gravity of the torso with head and arms lay nearly in the 

median plane, only 0.2 cm,  to the right of it, and at the front edge of the 

lower surface of the eleventh thoracic vertebra, 29 cm, above the connecting 

line between the centers of the h«ads of the thigh bones. 
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The head was sawed off by placing the saw'right ^arWfchl^t^O^ 

upward and to the rear, in order to remove the head from the neck'ae completely 

as possible.    It was found later that only the three upper cervical vertebrae 

remained attached to the skull, V'     v V"'- 

The center of gravity of the head lay exactly in the median plane, 0.7 cm. 

behind the slope of the pituitaiy cavity, in the fossa Tarini at the base of 

the brain, right in the angle formed by the upper edge of the bridge with the 

posterior lamina perforate (figs, 1 and 2), r1 •■. 

The entire ri«ht upper extremity weighed 3520 g., while the right upper 

arm was 32 cm. long and weighed 1730 g.    The right lower arm without the ha«l   ' 

was 27 cm. long, the right lower arm with the hand weighed 1790 g., without 

the hand 1300 g., and the hand alone A90 g. 

The entire left upper extremity weighed 3710 g., the length of the left 

upper arm was 32 cm., and it weighed 2020 g.      The left forearm without the 

hand was 27 cm. long.    With the hand it weighed 1690 g., without the hand 

12A0 g,, and the hand alone weighed A50 g. 

Since the lengths of the two extremities and their sections differed by 

only a few millimeters, we took the mathematical mean in this case in order to 

obtain entirely symmetrical ratios.    The weighta we left as they were.    We 

also had the cut surfaces and their centers of gravity for this cadaver copied, 

and the figures set up in plates I and II, to give an exact picture of the 

location of the centers of gravity in the right upper and lower extremities. 

The center of gravity of the right upper arm alone lay 16.3 cm, below 

the haad of the humerue and 15,7 cm, above the cubital axis, in the bone of 

the humerus itself, near the rear odgo and somewhat toward the median. 

The center of gravity of the entire rV.ht upper extremity lay 0,5 cm. 

below the cubital axis and 0.3 cm. in front of the bone, in the brachialis 

internus» 
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The c«nter of gravity of th« ri^ht foream alone.lay 11.A cm. beleihe ' 

cubital axis and I5.6 en. above th« center of the head of the" capitultun,1 ' ' : , 

1.5 cm. in front of the center of the interosseal ligament, and somewhat 

nearer the radius than the ulna. : 

The center of gravity of the ri :ht forearm with the hnnd lay 17.7 cm.  • 

below the cubital axis and 9.3 cm. above the center of the head of the capitu- 

lum, 0.5 cm. in front of the interosseal ligament, and nearer the radius than 

the ulna, in the region of the flexors. "^ V' ; ' ' 

The center of gravity of the ri^ht hand, with flexed fingers, lay 5.5 cm. 

below the center of the head of the capitulum, between the third metacarpus 

and the palm, 1 cm. from the latter. 

The center of gravity of the left upper am alone lay 15.3 cm. below 

the center of the humerus and 16.7 cm. above the cubital axis, exactly as on 

the other side. 

The center of gravity of the entire left upper extremity lay 0.5 on. 

above the cubital axis, and 0.5 cm. in front of the bone;  , .    ,. 

The center of gravity of the left forearm alone lay 11.9 cm. below the 

cubital axis and 15.1 cm. above the center of the head of the capitulum, also 

in front of the center of the interosseal ligament, in the region of the 

flexors. 

The center of gravity of the left forearm with the hand lay 17.9 cm. 

below the cubital axis and 9,1 cm. above the center of the head of the capitu- 

lum, 0.5 cm.in front of the interosseal ligament, nearer the radius than the 

ulna, 

Tho center of gravity of the left hand, with flexed fingers, lay 5 cm. 

below the head of the capitulum. exactly in the same location as in the right 

hand. 

The entire rl.^bt lower extremity, from the center of the head of the femur 
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to the soles of the feet, was 88 cm. long and welched 10070 g,   \!W^(*Bf-■■ 
■   ■,.■   ^ ^^ i ^  _   ■ ■•!■.,,, •., 7^■■■;-■ ■;' 

The entire left lower extremity, ma  also 88 cm. long, and weighed 10630 «. 

The right upper leg was 40 cm. long and weighed 6150 g. The right lower 

leg alone was a.5 cm. IOHR, the foot 26.5 cm. long and 6.5 cm. high. /The 

weight of the right lower leg with the foot was 3960 g., of the loner leg alone 

2970 g,, and of the foot 990 g. 

The left upper leg was 40 cm. long and weighed 6750 g. The left lower 

leg was a.5 cm. Ion«, the foot 26.5 cm. long and 6.5 cm. high. The left 

lower leg with the foot weighed 3900 g., the lower leg alone 2900 g., and 

the foot 1000 g0 

In this case, too, we used the arithmetical means of the lengths of the 

two extremities. 

The center of gravity of the right upper leg alone lay 1? cm. below the . 

center of tho head of the femur and 23 cm. above the knee axis, 1.5 cm. behind 

the linea aspera, somewhat toward the median. 

The center of gravity of the entire right lower extremity lay 35.5 cm. 

below the center of the head of the thigh bone, 4.5 cm. above the knee axis, 

and 1 cm. behind the thigh bone itself. 

The center of gravity of the right lower leg alone lay 17 cm. below the 

knee axis, 2^5 cm. above the axle of the tibio-talus Joint, 0.7 cm. behind 

the interosseal Ugament, and a little nearer the tibia than the fibula. 

The center of gravity of the right lower leg with the foot lay 25 cm. 

below the knee axis, 16.5 cm. above the axis of the tibio-talus Joint, exactly 

at the attachment of the interosseal ligament to the tibia. 

The center of gravity of the right foot lay 12 cm. in front of the rear 

edge of the foot, U,5 cm. behind the tip, 3 cm. above the sole, and under the 

third sphenoid, near its forward edge. 

Since the relative positions of the centers of gravity as to rridth and 

depth, for the left lower extremity, were practically the same as for the right 
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«wsa 

one (Plata II), only tho hol^hta are given her«. .  - 

The center of gravity of the left upper leg alone lay 15.5 cm. below the 

centur of the head of the femur and 2k»5  cm, above the knee axis. 

The center of gravity of the entire left extremity lay 33 cm. below:the 

center of the head of the- famur and 7 cm. above the knee axis. 

The center of gravity of the left lower leg alone lay 17.5 cm. below 

tho knee axis and 2h cm.  above the axis of the tibio-talus joint.  ' 

The center of gravity of the left lower leg with the foot lay 25.5 cm, 

below the knee axis and 16 an. above the axis of the tlblo-talus Joint. 

The center of gravity of the left foot lay exactly as in the right foot, 
/■ 

Weights of Cadaver No. IV . T        %    : 
(Figures indicate grame) 

Parts of the body 

lintire body 55700                   . 
Head without neck 3930              ; 
Torso without extremities 23780 
Entire arm 3520 3710 
Upper arm 1730 2020 
Forearm with hand 1790 1690 *, 
Forearm without hand 1300 12i»0 
Hand 490 450 
Entire leg 10110 10650 
Upper log 6150 6750 
Lower leg with foot 3960 3900 
Lower le^ without foot 2970 2900 
Foot 990 1000 

In this case the differences due to the losses resulting from sawing, 

between the entire weight and the sum of the weights of the parts, have 

already been balanced, in order to be able to use the weights directly for 

later calculations^ 

Diraenslons of Cadaver No, IV 

Fintire U-ngth, 168.!? ciOj 
Length of head, fro-n below chin tc cromi in vertical projection, 21.3 cm. 
Lower edp;e of chin to line connecting centers of humerus heads 10,1 cm. 
Line connecting centers of humerus heads to line connecting centers of 

hip joints, Ur)  cin0 
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Length of upper leg,-right W) cm., left 40 c«.-^-:^'^1''^^^ 
Length of lower leg, right 41.5 cm,, left l^,^' (mj'%\y :•'' ,-'\^^:-'^''fy  '/ 
Height of foot, right 6.5 c«.# left 6.5 cm. ^ , ■ 
Length of foot, right 26.5 en., left 26.5 cm.   .: ,. 
Distance between centers of hip Joints, 17 cm. .;'' 
Length of upper arm, right 32 cm., left 32 cm« \.  ';" 
Length of forearm, right 27 cm., left 27 cm. •, 
Distance between centers of huroerus heads ' 

(with shoulrlers drawn forw?ird), 36 cm. 

The means of the lengths of the extremities were t aken and indicated 

for both, for the sake of later calculations. 

Determining the centers of gravity in the separate sections of the limbs 

revealed.that there was a fairly close and noteworthy relationship between 

the centers of gravity and the axes of the Joints. Both in the upper arm and 

in the upper leg the center of gravity lay almost exactly in the straight line 

that passes through the center of the head of the joint on one hand, and the 

center of the cubital and knee Joints on the other« In the lower leg the cen- 

ter of gravity lay almost in the straight line connecting the center of the 

knee axis with the center of the tibio-talus Joint. In the forearm, when In 

average pronatlon, the center of gravity lay in the straight line that passed 

through the center of the capltulum head and the center of the cubital axise 

In considering the torso, the curve of the spine was used as a basis. 

Just as the curve lay in the frozen cadaver in the recumbent position« The 

curve determined by the Weber brothers was not used, because it did not 

correspond entirely to natural conditions, but was obtained from the disem- 

boweled cadaver, for the organs alter the curve of the spine a great deal, as 

proved by Parow (Virchows Archiv, Vol. 31). 

It was also evident from the torso that the center of gravity of the 

torso alone, without head or arms, and the position that it assumed in freezing, 

had a definite relation to thi limha, for it lay practically in the straight 

line bisecting the line that Joined the two hip centers and connecting it 
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with the center of the atlanto-occipital Joint, ] '-y^'!P''-^f'' 
■   .      ',''    '        ' " ■  *C- .■;';'■..V<'^' , 

Although it was already possible to determine from the findings that the 

center of gravity lay, for all the sections of the extremities, in thevr 

straight line that connected the center of each, neighboring Joint with the 

other, a fact that would greatly simplify further calculations, more work  ' 

still remained to be done, namely to investigate the systematic arrangement 

of the centers of gravity luor« carefully in regard to individual deviations. 

The relationships observed made it possible for us to construct an'' 

upright body position in which all the centers of gravity except that of the 

foot lay in a single frontal plane. All that was necessary was to bring the 

centers of all the main Joints into this plane. 

After this we constructed a skeleton holding this position, and compared 

it with a normal, well-built living body, in order to find out whether it was 

possible for the body to maintain such an upright position, in which the 

centers of all the main Joints and the sectional centers of gravity that lay 

between them would fall in a single vertical frontal plane. 

To do this, we took the measurements of cadaver No. IV and laid them out 

in life size on squared paper, both in profile and in a front view. Then we 

drew the skeleton according to these maasurements, laid out the contours of 

the soft portions around It, ind indicated the centers of gravity that had 

been found by direct neaaurement. Since we had originally marked the axes 

of the joints on the cad*vor, and knew the locations of the centers of gravity 

inside the indlviflmd sections in relation to the Joints and bones, it was 

easy to draw the bones and Joints and centers of gravity without adding any- 

thing arbitrary (Plato III), We were alto fortunately able to Judge the 

thickness is well as tho lenpth ratios of bones and soft parts from our study 

of the section*. 

We prepared this drawirur in life size en squared paper, so that the Joints 
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and tLe c«nter8 of gravity could ba plotted on^ractangulai. ayit^;«|&ordl- 

nate8.    Both view» offered two projection,, on two plane« perpendicul^'to 

each other, and thua formed all three coordinates required for the rectangular 

systein to be based on them. :; 

We made the frontal plane the IZ-plane, *dth the line of Intersection 

of the median body plane with this frontal plane as the Z-axis, and the line 

of intersection of the frontal plane with the horizontal ground plane on which 

the body stood, as the Y-axis.    The vertical to this plane at point of inte^. 

section   0   of the two axes was therefore called the X-axis.    The directions 

forward, to the right, and upward, respectively, for the X,Y, and Z axes, 

measuring from point of origin    0   on the gwph, were caUed positive.    With 

those points determined,  the profile view presented the projection on the M- 

plane, and the horizontal ground plane coincided with the XY-plane. 

A spinal curve was laid out in the plane passing through the center 

point between the two hip Joints on one hand and the atlanto-occipital Joint 

on the other, on the assumption that the center of gravity of the torso lay 

exactly in this plane.    It was easy to make this agree veiy well with the 

photographs that showed the median section of the frozen cadavers. 

The position of the arms was changed a little.    The arms in the drawings 

were moved forward until the centers of the humerus heads and the centers of 

gravity of the separate sections lay in the XT-plane.    The displacement was 

not large,  so that It could not cause any real change in the location of the 

con«™ center of gravity.    On being photographed, the two drawings were reduced 

to one-tenth their ori^l size, 30 that one millimeter in the plates cor- 

responds to one contimeter in the original drawing.    The drawings are found 

in plate III. 

Wo naturally had to investigate nhether the position thus constructed 

occurred in real life, an-i to what extent the recumbent position could be 
transferred to the upright one. 

WK- I.'V.4?.'1LM 
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It waa, of course, not to be expected that the curve of the aplne'would   . 

be exactly the same In both body positions.    It will, however,  suffice if     V 

they are fairly sijnilar, for it is inpossible to measure all the smallest' 

curve« of the solne directly on the living body.    Jäven Parow's coordinate 

gauge (Virchows Archiv, Vol. 31, p. 105 and foil.), that he used to construct 

the spinal curves from the location of the spiml processes, gave, as we 

know, only approximate results.   We hoped, however, that the following method 

would be satisfactory. 

A well-built, muscular youn« man, a soldier, was photographed in profile, 

after havin? the center points of the joints narked on his body Just as they 

were in the constructed drawing, and having the center of gravity of the 

head projected to tho side of the head and marked on it.    Two long plumb lines 

determined the YZ-plane.    The model had to change his position until ho fell 

of his own accord into a pose in which someone standing at a distance would 

sight all the marks for the Joints as lying in the vertical plane of the 

plumb lines (the YZ-plane).    He was then photographed in tMs position, as' 

shown ir, plate IV.    The left arm had to be bent, In order not to hide the cen- 

ter point of the hip Joint.    Sven if this did displace the center of gravity 

somewhat,  the displacement was so smalJ, a9 compared with the advantage in 

making the Joint viaibl^, that it was not worth considering    Later calcula- 

tions will show U.at the cmUr of gravity was displaced only 7 wn. upward, 

I* mm.  forward, mid 1 ran. to the right» 

Comparison of plates III and IV shows that there is a good correspondence 

between the real position and th* con3tructed one, and that our constructed 

position can by no means be called forced,  but very natural.    The thorax 

bulges forward a little more in the live figure, and the lower part of the 

hack is drawn in a little   nore, I ut  these are differences tUt can very well 

be considered individual and variable.    Tho nature of the spinal curve and the 
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position of the head are exactly the same ae in the constructed fl^«^^&f 

plate III, even if the curves of the separate sections of the spine may "seem 

to be a little more pronounced« - ^-r5 

The most important points, the construction of the lower extremities, 

the position of the pelvis, and the position of the head, are exactly ,lik« 

those we constructed» 

The question may arise as to whether this position is very comforUble. 

It was not our purpose to determine this, but we shall come back to this: M 

question later on. We had just one goal from the first, to standardiw a 

natural position that would serve as a suitable starting position for. our 

measurements and calculations. We shall call this position the normal one. 

The centers of gravity for the systems of limbs and for the whole body 

were now caculated for the normal body position, from the centers of gravity 

of the separate sections, in order to have a control for our measurements of 

the centers of gravity both of the separate limbs and of the whole body., 

If the centers of the Joints in the normal position, as well as the 

measured centers of the different limbs, are plotted on the above system of 

coordinates, the following coordinate values will be obtained, and can be 

read off directly from plate III. 

Coordinates for the Centers of the Joints, the Crown, 

the Tip of the Foot and the Lower Edge of the Bent Hand 

(with flexed finders) 

Joordinates for x y z 

1) Crown 
2) Atlanto-occlpltal Joint 

0 
0 

0 
0 

168.8 
154.0 

3)  Hip                                         [£ 0 
0 

♦ 8.5 
- 8.5 

88.0 
88.0 

k) Knee                                        /j 0 
Ü 

♦ 8.5 
- 8.5 

48.0 
48.0 

5) Tibio-talus Joint               /j 0 
0 

* e.5 
- 8.5 

6.5 
6.5 
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^ 6) Tip of foot 

7) Shoulder 

8) Cubital Joint 

9) Wrlot 

10) Lower edpe of bent hand 
(with flexed fincera) 

NOTE: The figureg that indicate millimetere in the drawin« in plate III 
actually indicate centimeters, as the drawings are reproduced with a ten- 
time reduction. The sarae is true for the foUowing coordinate« for the 
centers of gravity. 

■ 

. " .',   ■;■ u   ■'    ;" *   ,. , ,;.,•■:;"   *■ ■ 

ft ♦ 20.5 ♦ 13.0 0       ' u + 20.5 - 13.0 0 

^ 
0 ♦ 18.0 137.0 

yC 0 - 18.0 137.0 

ti 
0 ♦ 18.0 105.0 : 

l*- 0 - 18.0 105.0 
r 0 ♦ 18.0 78.0 ; 
t 0 - 18.0 78.0 

0 ♦ 18.0 67.5 LO t*- 0 - 18.0 67.5 

Coordinates for the Centers of Gravity 

> 

Coordinates for 

(1.2) Head 
(2.3) Torso 

(3.4) Upper leg 

(4.5) Lower leg 

(5.6) Foot 

(7.8) Upper arm 

(8.9) Foreann 

(9,10) Hand 

(1,6,7,10) Whole body 
(l|3,7,lü) Torso ♦ head ♦ am» 

(3,6) Whole leg 

(4,6) Lower leg ♦ foot 

(7,10) Whole am 

(8,10) Forearm ♦ hand 

rr 
J 
r 

r e 
r 
£ 

rr 
[^ 
rr 

fr 

0 
0 
0 
0 
0 
0 
6.5 
6.5 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
♦ 0,5 
♦ 8.5 
- 8.5 
+ 8.5 
- 8.5 
♦10.3 
-10.3 
♦18,0 
-18.0 
♦18.0 
-18.0 
+18.0 
-18.0 

0 
0 

♦ 8.5 
- 8.5 
♦ 8.5 
- 8.5 
♦18,0 
-18.0 
♦18,0 
-18,0 

157.8 
113.8 
71.0 
72.5 
31.0 
30.5 
3.0 
3.0 

120.7 
121.7 
93.6 
93.1 
72.5 
73.0 

92.5 
117.0 
52.5 
55.0 
23.0 
22.5 

104.5 
105.5 
87.3 
87,1 

> 

The numbers in parentheses in front of the words "head," "torso," etc., 

indicate the numbering of the Joints, "tips of feet," etc., as given in the 

preceding table of coordinates. They offer a convenient means of identifying 
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a body section.    For Instance, the upper leg is narked (3*4} beeausviV lies 

■&*i 

between Joints 3 and 4, This makes it possible to recognize the coordinates f 

of the center points of the Joints, as distinguished from those of the cen- 

ters of gravity, without a great many words. For instance, the coordinates 

for the centers of the hip Joints can be indicated as X3, y^, and C3, and 

those for the center of gravity of the upper log as X3 J^i y3,A» •3,4« W 

the right or left side is also to be indicated, this can be done by marking 

the coordinates for the center of the left hip Joint as x'j, y^, and «'3, 

while the coordinates for the center of gravity of the left upper leg would be 

marked x^ ^t  y'^ /^ and z'^ 4, the prime being omitted for the right sidoo 

He  shall use this means of Identification later on. The coordinates for the 

whole body will simply be marked XQ, yQ, »Q» 

Since the weights of the separate sections are necessary to our calcula- 

tions, they are set up once more in the accompanying table, in the same way as 

the coordinates. 

In the calculations, the only points of interest in regard to the weights 

are their ratios, and so they have been reduced to figures per ten thousand, 

as this is an advantage in the calculation of the conmon center of gravity. 

These figures are tabulated in the column next to the real weight« 

Weight in crams Weight ratios 
Parts of the Body for Cadaver No, IV 

(1,2) Head 3930 705.5 
(2,3) Torso 237<JO 4270 

(3,/*) Upp«r leg {I 
6150 
6750 

1104 
1212 

(4,5) Lower iHg fc 2970 
2900 

533 
520.5 

(5,6) Foot V 
'  t 

990 
1000 

17« 
179.5 

(7,^) Upper ami r 1730 
2020 

310.5 
362.5 

(^,9) Forearm lr 
V 

1300 
1240 

233 
222.5 

(9,10) Hand {? 490 
45C 

8ft 
01 

(1,6,7,10) Whole body 55700 10000 
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The weight p, for the right Mpper lep, for instance, can be designated 

by pj ^t    and the weight for the upper left leg by p'^ ^ to correspond 

with the markings used for the center of gravity coordinates, etc. 

Calculation of tiie Common Center of Gravity for the Entire 
Body and for Whole Body Sections, from the Centers of 

Gravity and the Weights of Separate Limbs 

Since forces of inertia are parallel forces, we must first Indicate how 

a resultant is obtained from two or more parallel forces. Let us assvune that 

A and B are points of attachment of two parallel forces in Figure 3, with 

strengths pi and P2, while AC and HD are lines that represent graphically, 

by their length and direction, the size and direction of these two forces« 

Now, if two equal but opposed forces ofany desired size are placed in. the 

direction of the line connecting points A and B, so that one force is. 

attached at A and the other at B, this will not alter the action of the 

original system of forces. Thece two new forces are indicated in the figure 

by lines AE and BF, and their strength by q. If the tw» forces acting 

at A are now combined to form a resultant AG, and those at B to form a 

resultant BH, the total of these two resultants is still equivalent to %ht 

two original forces p^ and pg. The same thing remains true If the two 

resultants are moved to a comon point of intersection J of their directions, 

so that J becomes the coraraon point of attachment for then both. These two 

forces, JQ and JR, can still be combined into a further resultant JM, 

that will therefore also be the resultant of the original parallel forces. 

The size ;f this reeultant is equal to the sum of the two parallel forces, 

or p^ ♦ P2,  for it is «asy to note from th« figure that 

A GCA ^ ^\ QKJ Ö A RLM, and that therefore 

A HDB — A RLJ Ä-J A QKU. Therefore, 

JK - AC - pj, and KM - BD - p^ 

thflrefor« JM • p^ ♦ po. 
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It alao foUow», from the congruence of the trian^s^lua ? JM|^^^^ 

to the two origins forces.   This resultant   JM   of the pa«Uel forcaa*lirt;er- 

sects, in point   N,    the line that connects the two points of attaohmentV- 

AandB.    The disUnces of this point   M   from   A   and   B   art related to each 

other as the reverse of the relation of the parallel forces acting upon ; A 

and   B,    for, from the similarity of triangles   AMJ   and QKJ,    there follow 

the proportion, 
■ ■  . ' 

AN « JN - q : p^ / 

and from the similarity of triangles    BNJ   and   RU   there follows the 

proportion, 

BN : JN - q i pg. 

Therefore JN • q - AN • p! - BN • pjj,    and therefore 

AN : BN - P2 : p. 

If the two parallel forces were exerted in another direction but remained 

parallel to each other, and also remained fixed to points A and B, the same 

reasoning would bring us to exactly the same conclusion, that the direction 

of the new resultants of the parallel forces intersects line AB, connecting 

the two forces, in a point whose distances fron A and B are in reverse ratio 

to forces p1 and p2.    Therefore, this point of intersection is again point N. 

We thus come to the conclusion that the direction of all resultants, obtained 

by any kind of rotation of forces p1 and p2 around their points of attach- 

ment, all pass through one and the same point N, if the forces continue to 

be parallel after rotation. If forces ^ and p2 are forces of inertia, 

point N is thus, according to our previous definition, their center of 

gravity. 

Now if xi, ylt and ^ are coordinates of the point of attachment A 

of force pi, and x2, y?., and z2, of point of attachment B 0force p2, 

and if the coordinates of cent jr of gravity N are indicated by XQ, y0, 
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and   tQ,  then ratios 

(xo - xi) :  (x2 - XQ) - P2 » PI V 
(yo - n) '• (y2 - yo) - P2 « PI ' 
(zo - «l) J  («2 - *o) " P2 « PI /    j,.;:^: 

are true, as a result of the location of point    N   on the connecting line •" AB. 

From this we find that 

PI ♦ P2 

■ Piyi ♦ P2y2 
PI ♦ P2 

. PI«I ♦ P2Z2 

XQ -    P1?1J: P2*:2 

yo 

a0 
PI ♦ P2 

for coordinates   XQ, y0J and «Q   of the center of gravity. 

Now let us assume a system of three parallel forces   p^, P2, and po, 

whose points of attachment have respectively the coordinates   x^, X2, and 

x3i yi» y2» anti y3J ■I» z2» and *"}•   Then these forces can also b© combined 

into one resultant, which is reached by first obtaining the resultant of 

PI and P2, and then combining this resultant with the third force   po, to 

obtain the final resultant.    Therefore, coordinates   X'Q, y'o, and B'Q, of 

the center of gravity of the two forces  (p^ ♦ P2) and P3, whose points of 

attachraent have the coordinates   XQ, YQ, and ZQ, and X3, y^t and Z3, have 

finally to be calculated according to the method described.    Then 

x'o-    (ft-  * ng)^ t P3^3  .    Pixi* P2X2 ♦ P3X3 
(PI ♦ p2) ♦ p3 Pi ♦ P2 ♦ P3 

y'0-    (PI * Pgho * P3y3  .    Piyi ♦ P2y2 4 P3y3 
(ri ♦ p2) ♦ p3 Pi ♦ P2 ♦ P3 

z'0. (pi * ?2)iO * p3g3 ,   PjZi ♦ P2»2 * P3Z3 
(PI ♦ p2) ♦ p3 Pi ♦ P2 * P3 
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These three equations reveal the law according to ^^ 
- '■■•■■■■■' •■ ■•'■•/■'^'^-^'i'v- - "■.>■ 

lorces pi, pa, P3  pn can be combined into one resultant, and aocord- 

ing to which coorOlnatea XQ, JQ,  and ZQ indicate the coomon center.of gravity 

for all n forces of inertia, mien we universalize thisi 

vn  , Plxl * P2*2 * P£2 *    •'- P^r,       *:*<* 
Pi ♦ p2 ♦ p3 ♦ .... pn   "  jPi 

pl * p2 * P3 * ,,•• ?„       5Pi 

20 - Pl'l ^P2«2 ^P3'3* •-• PnZn ^ SPi'i 
p1 ♦ Pg ♦ p3 ♦ .... ^    "   SPi 

As seen from these three equations, the values of XQ, y0, and e0 do 

not change if we substitute for the real weights pi   the ratios between the 

separate weights, as for instance the ratios that result from representing 

the body weight as the figure 10000. The advantage of this is that the calcu- 

lation of the coordinates of the cownon center of gravity in the body, for 

any position whatever, can be done with one convenient divisor in all three 

equations, namely 10000. Therefore, these ratios, as they are given on 

page Al , must be understood in the following calculations under the 

symbol p^ 

The following values are obtained for cadaver IV, for products p«» ♦ 

for the purpose of calculating coordinate «0 for the center of gravity of 

the whole body in normal position, from the coordinate values and ratios 

given on page ( 40 and U).  ' 

Head 111327.9 
Torso 405926 
Right upper leg    783&U 
Left upper leg    fl7870 
Right lower leg    16523 
Left lower leg    15S75.25 
Right foot         534 
Left foot          538,5 
Right upper arm 37477.35 

 Loft upper arm 44116.25  

N0TE* " MieuiPfT1"0*8 ar0 UB8d beoause they recur In the following   ~ 
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Ri^ht forearm 21808,8 
Left foraann 2071A.75 
Right hand     6380 
Left hand      5913 

'■*',i-'l' i 

Total  933388.8 ■  V . ^ 

By dividing by  5^ - 10000 we obtain, to one decimal point, a value 

of 93.3 cm. for z0# while the directly meaeurera value of the Z-coordinate 

was 92.5 crar 

Absolute exactness can naturally not be attained, first because crumbs 

fall away in sawing the separate sections, which decreaaos the weight, and 

second because the fX)sition the body assumed on being measured could not 

correspond absolutely to our normal position. If we disregard the center of 

gravity for the feet and consider only that of the mass balanced on the 

tibio-talus joint, we finri that 

SPiZi - 9333BÖ.8 - (5,u ♦ 538.5) 
- 932316.3 

This must now be divided by 10000 - (178 ♦ 179.5) - 96Z»2,5, and so the 

2-coordinate for t he center of gravity of the body, without feet, becomes, 

if we distinguish the coordinates in question as X'Q, y'o, and t'0 

z,o " ^Ü^ " 96-7 c'a- 
We have the following values for products    p^-j., to use in calculating 

the   yp   coordinates of the common center of gravity. 

Head 0 
Torso ♦ ^135 
Hif^ht upper leg ♦ 93% 
Ri^ht lower Jog + 4530,5 
Right, foot * 1833./» 
Rirht upper arm + 55^9 
R 1^1 it forearm + 419^ 
Riijht. tiond ■» IWU 

Total 29i'49.9 

therefore   ^Piyi   - 2')?.h\} ~ 2^6.M - 6B6.8 and 

yf,  -    (ßb£.    * ♦ o.U7 cm. 

Left upper leg - 10302 
Left lower leg - /»A24,25 
Left foot - 1848.85 
Loft upper ana - 6526 
Left forearm      - 4005 
Left h.ind - 1458 

Total       - 28563.1 
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This calculation thus gives a mere deflection of 0^07' cm.; tp; the riÄht^ 

the median plane, idiile our direct measureaents placed the center of gravity 

right in it. '   :1."  ' 

For the Y-coordinate of the center of gravity of the body, without; feet, 

we find that !'/ 

^ 0 964275 9642.5 " * 0W «»• 

thus the fame value exactly. 

In calculating the   XQ   coordinate for the conwon center of gravity, only 

products   pixi,    that belong to the center of gravity for the t^wo feet, have 

a value other than zero in our normal position,, so that 

178 ' 6.5 * 179.5 * 6.5     2323.75 
^  - 10000 " "i5ooo" " 0-2 ^ 

that is to say, the common center of gravity lies, for our position of the 

feet, 2ram. in front of the frontal plane in which lie all the centers of 

gravity except those of the feet. 

The X-coordinates for the common center of gravity without the feet is 

on the contrary zero, because all the x^ values equal zero. 

We also calculated the coordinates for the centers of gravity of the 

limbs and their combinations, that we had previously obtained by direct 

measurement, in addition to the coordinates for the common center of gravity* 

We found them to be. 

For the Entire Leg 

Right Left 

Pizi 

Uppor leg 
Lower leg 
Foot 

Total 

783Ö4 
16523 

534 
95441 

Upper leg 
Lower leg 
Foot 

87870 
15875.25 
538.5 

Total 1042ß3.75 
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Weights 

Upper leg 110/» 
Lower leg 533 
Foot       178 

Total  1815, therefore 

;^^Weighte- "^ 

Upper leg 1212   C^MJ 
Lower-leg ' '520.5 , '.• •\-:''<',M':::-;: 

Foot v      179.5   v'r^v;: 
ToUl 1912, therefore^ j 

Ki A - ^1^ - 52.6 cm. '3,6 - 1815 

73,6 " ♦ 8.7 cm. 
x3,6 " * 0,6  era. 

^'3,6 " ~:  8»7 cm.    ,;  * 

^3 ̂6 ■ - O^.on»» 

The coordinate values obtained by calculation and those given on page 40 

as having been measured directly should be compared with these as well as 

with all tho following calculations, . 

RMht 
Pi«i 

Lower lei?   16523 
Foot 53/4 

Total 17057 

Lower Leg + Foot 

Left 
Pi«! 

Lower leg    15875.52 
Foot   . 530.5 

Total 16a3.75 

Weights Weights 

Jxjwer leg     533 
Foot               17« 

Lower leg       520,5 
Foot                 179.5 

Total         711,  therefore Total           700,    therefor 

ZA,6 " ^52 - 2A.0 cm. •'4.6 -i^P - «.5 - 
yu,6 m * 9o0 cm' 3^,6 - - 9.0 cm. 
x^ 6 - ♦ 1.6 cm. x\,6 " - ^ cm. 

Entire Arm 

Right 
Pizi 

Uppr>r arm    37477.35 
Forearm        21W. 8 
Hand 6 ^00 

T^O  —ZctTTTTc 

Left 
Pi2! 

Upper arm 44116.25 
Forearm 20714.75 
Hand 5913 

Tot«! fffiU  
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Heights 

Upper arm     310,5 
Forearm        233 
Hand 88 

Total 631.5,    therefore, 

m> 
')■.»■ 

;^^ 

Upper ami 362,5 
Forearm 222,5 
Hand 81 

Total 5S<r~ 

);; ■ 

therefore, 

z7 10 - &Msll 7'10      631.5 
37,10 • ♦ 18 cm. 

x7,10 ■   0 cm. 

- 104.0 cm 
»'7,10 

y,7,10 

x'7,10 

2g^ - 106.2 cm.' 

•» 18 cm,.V 

0 cm. 

Right 

Pi«i 

Forearm 21808,8 
Hand    6380 

Total 28188,8 

Forearm ♦ Hand 

Left 
Pi«i 

Forearm   20714.75 
Hand 5913 

Total   26627.75 :■*"'*■■ 

■.i.\i 

Weights Weights 

Forearm   233 
Hand          88 

Forearm j. 222.5 
Hand            81 

Total       303.5, 

'y':\'-: \i>[ i'. 

Total     321,    therefore. therefore 

«'8,10 -   ~|P - 87.8 cm. ffl 10 - 
26627.7? 8,10       303.5 ■ Ö7.7 cm 

^'8,10 -   ♦ 18 cm. y'e/Lo ■ -.18 m- .•* ' ' 
x,8,10 "         0 cm. x,8,10 "       0 ^ 

Torso ♦ Head 
Pi«i 

Torso   485925 
Head     111327.9 

" '■' 

Total 597253.9 - 

Weights 

Torso     /»270 
Head 705.5 
Total    4975.5,   therefore 
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z-   ■ ??73?3t? • 120,0 cm 1»3   4975.5 

1»3  4975.5 

x-. j - 0 cm. 

Torso ♦ Head ♦• ATTM 

Piei 

Torso 485926 
Head 111327.9 

r,  65666.15 
Entire arm 

£  707U 

Total   733664.05 

Weights 

Torso 4270 
Head 705.5 

r. 631.5 
Entire arm 

^ 666 

Total   6273,     therefore 

zl,3,7,10 ' ^Wf1 " 117.0 cm. 

piyi 

Torso      2135 Head 0 
Upper arm r, 5589 Upper arm if. - 6525 
Forearm r,  4194 Forearm  /. - 4005 
Hand r.    1584 Hand  /, - 1458 

Total ♦ 13502 Total  -11988, therefore 

71,3.7,10 " W^-U?^. - m - + 0.2 cm. 

xl,3,7,lü - 0 
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If we assurae a uniform and eynenetrical distribution of the bod/ masses, 

it will be possible to take the arithmetical mean of the center of gravity 

coordinates on page AO and of the weight ratios on page 41 ,    Then, If we also 

place the center of gravity of the torso right in the median plane, the mean . 

coordinate values of the centers of gravity will bet 

Parts of the body 

Head 
Torso 
Both upper lops 
fBoth lower legs 
Both feet 
Both upper anna 
Both forearms 
Both hands 

0 
0 
0 
0 
6, 
0 
0 
0 

0 ' 157,8 
0 113,8 

t 8.5 71.75 
t 8.5 30.75 
±10o3 3 
±18 121.2 
±18 93.35 
±18 72.75 

The positive values of y refer to the right, side of the body, and ths 

negative ones to the left. ^    ". 

If we assume a total weight of 10000, it follows that the means for the 

weights and the weight ratios are: 

Mean weights 

Whole body 
Head 
Torso 
Upper leg 
Lower leg 
Foot. 
Upper arm 
Forearm 
Hand 

55700 g 
3930 g 

23700 g 
6/*50 g 
2935 g 

995 g 
lfl75 g 
1270 g 
W g 

Uean weight ratios 
(in whole numbers) 

10000 10000 
705.5 706 
4270 A270 
1158 1158 
526.75 527 
178.75 179 
336.5 336 
227.75 228 
84.5 84 

Calculating the center of gravity coordinates, assuming a uniform and 

synvaetrical distribution of tha inasees, gives the following results! 

Entire Body 
Pi8i 

Head 111327.9 
Torso 485926 
Doth tipper 

legs 166173 
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Both lower lega 
Both feet 
Both upper arras 
Both foreantiB 
Both hands 

32395.125 
1072.5 
81567.6 
^2520,925 
1229Z».75 

Total   933277»B 

zn - .9^3
?77tQ • 93,3 cm u   10000 

yg " 0 cm. 

If the feet are not counted, it follows, for H Pi«i that 

Whole body 
Both feet 

93.3277.8 
-1072.5 

Total 932205.3 

Weights 

Whole body 
Both feet 

10000 
-357o5 

Total       9642.5       and therefore, 

z'0 - ?.?220pO 
U       9642.5 

y'o " 0 cm. 

x'o " 0 cm. 

96.7 cm. 

Upper leg 
Lower leg 
Foot 

Whole Leg 
(right or left) 

Pi«! 

83086.5 
1619705025 

536.25 

Total  99820.3125 

» 
Upper leg 
Lower leg 
Foot 

Weights 
1158 
526.75 
178.75 

Total       1863,5 therefore 
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S3»6 "   1863!5 - 53.6 cm. 

pi^i 
Upper leg        9843 
Lower leg        U77.375 
Foot    i&aapg 

Total 16161.5  thereforo, 

^7,3,6 " 8'7 c"1» for the l«ft leg) 

x3,6 " + 0*6 cm. 

Lower Leg ■•• Foot 
(right or left) 

Pi«i 

Lower leg   16197.5625 
Foot        536.25 

Total 16733.8125 

Weights 

Lower log 
Foot 

526,75 
I7ß.75 

Total  705.5   therefor« 

UOTB-      „   o 

^,6 705 ■^ - 23.7 cm. 

yu,6 -    t 9.0 cm. 

%,b -   + 1.6 cm. 

Fjitire 
(right or 

Arm 
left) 

Pi*l 

Upper arm 
Forearm 
Hand 

407n3.8 
21260. ^«J 
6U7.375 

Total 66191.6375 
""   -r>->i   41   *-,-r  r^rlnr.rM.,n   nf   *i.T:rrr   hnlcnff x.v and   2. 
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Weights 

Upper arm              336.5 
Forearm                  227.75 
Hand                          84,5 

Total 64Ö.75 therefore. 

^" ^^ ■ ^^ 
cm. 

^7,10 "    * 18 cm. 
. ■ 

Xy^Q -   0 cm. 

Forearm ♦ Hand 
(right or left) 

Forearm      21260.4625 
Hand 6147.375 

Total 27407.8375 

Weights 

Forearm 
Hand 

227.75 
84.5 

Total  312.25 therefore. 

z8,10 " 

^8,10 " 

^lO " 

312.25 

± 18 cm. 

0 cm. 

- 87.8 cm. 

Head ♦ Torso ♦ Both arms 
Pi «1 

Head 
Torso 
Both upper arras 
Both forearms 
Both hands 

111327.9 
485926 
81567.6 
42520.925 
12294.75 

Total     733637.175 

0, ,< 
■■< 

1 ?, 
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Weights 

Head            705.5 
Torso           ^270 
Both upper arras     673 
Both forearms      /»55.5 
Both hands        169 

Total 6273, 

«1,3,7,10 ' 7^627,17? - i 
6273 

n,3,7,io ' 0 cm. 

^j.io ■ 0 cm. 

Head ♦ Torso 
Pi8i for 

Head           111327.9 
Torso           485926 

therefore. 

117.0 ca. 

Total  597253.9 

Head 
Torso 

Weights 

705.5 
A27Ü 

Total  4975.5,   therefore 

«1,3 " 

yi,3- 

xl,3 " 

4975.5 

0 cm. 

0 cm. 

- 120.0 cm. 

One result, among others, of the great agreement between the calculated 

centers of gravity and those obtained by direct measurement, as indicated on 

page 40, of the same cadaver, is that our construction of the upright body 

position does not differ to any important degre« from the relationship of th« 

body sections to each other In the horizontal recumbent position. 

The findings obtained have been set up in the following table to give 

a general view of the locations of the centers of gravity, and at the same 
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time offer a comparison of the data obtained from the different cadavers« 

The first table gives the results in detail, while the second one gives 

the ratios for the distances between the centers of gravity of the separate 

limbs and the center points of the joints, the length of each limb being. . 

assumed as 1, and the arlthraetioal means of these ratios* 

(First table on page 57, other tables on pages 62 and 63.) 
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Arlthaetlciil Means, for the Three CdeTere, of the DUtenoe Betweeii' 
the Centers of Grerlty end the ^olnt Axes or Joint 

Center? for each Linb 

Parts of the Body Arithmetical Mean of fiatlos 

Upper arm 

Forearm 

Upper leg 

Lower leg 

Foot 

Forearm + hand 

Lower leg ♦ foot 

IT, 

u. 

-Qna a|flfl   ttofch nlilna. 
0.^735 | 
0.^66   )     0»470 
0.U8   ] 
0,^235 )      0'^2X 

0.U2   1 
O.A3651     0^39 
0.422   '; 
0.417   '      0»^195 
0.429   \ 
0.439   /      0^34 

0.530 
0.5265 1 
0.534 
0.582   ] 
0.5765 / 
0.558 
0.5635/ 
0.578 \ 
0.583 / 
0.571 j 
0.561 j 

0.579 

0.561 

0,5805 

0.566 

fr. 

0.4735 \ 
0.470  / 
0.517  \ 
0.521 ) 

0.472 

0.519 

0.52651 
0.530 
0.483 
0.479 

0.528 

0.481 

We obtain a distance ratio of 0.609 from abore and 0.391 from below, in 

our position of the body, for the center of grarity of the torso alone, when, 

the distance between the atlanto-occlpltal Joint and the line connecting the 

centers of the hip Joints is made equal to 1  Bv iiiBifi«» ♦v.* ,»«..♦ 

Parts of the Body From abore   From below 

Upper am 
Forearm 
Upper leg 
Lower leg 
Foot 

0.47 
0.42 
0.44 
0.42 
0.43 

0.53 
0.58 
O.56 
0.58 
0,57 

These figures do not differ very much from the fractions 4/9 and 5/9, so 

that we can say, with a certain amount of approximation, that the center of 

grarity of the separate extremities lies abore the center of the latter, and 

dirides the distance between the two Joint axes or center points by a ratio 

of 4 to 5. 

The thing to do, if the approximate location of the center of grarity 

of an extremity met be determined in a hurry, is to measure the distance 

between its axes, diride this by 9, place the center of grarity at 4/9 of the 
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distance below the proximal Joint, and In a straight line with the oenter of 

the next Joint.    The center of gravity lies almost at the edge of the bone in 

the upper leg and the upper arm, and about 1 cm. from the center of the Inter- 

oaseal ligament, toward the curred side, in the lower leg and forearm. 

The direct measurements, nade by Harlesa, of the distaneea between the 

centers of gravity of the separate sections of the limbs and the ends of the 

Joints,  agree very well with our own, if we take the means of the inditldual 

findings.    Complete agreement can of course not be expected, first because 

there are individual differences, and second because the soft material was 

bound to introduce errors for Harlees,    We too hare observed individual 

differences in the three cadavers, but they were   generally smaller than those 

Harless showed in his two series of measurements, so that, as could be fore- 

seen, the latter cannot be assumed to be due to individual differences alone. 

We reduced the Harlesa findings, as they are given on pages 93 and 271 

to a basis of 1, in order to make possible a direct comparison with our own, 

and calculated the mean for the two sides of the body, when this had not 

already been done. 

Ratios for rietanoe of Centers of 
Gravity for the Two Harless Cadavers (Oraf and Kefer) 

Graf Kef er Arithmetical Mean 
of both 

from from from from from from 
above below above below above below 

Upper arm O.A85 0.515 0.429 0.571 0.457 0.543 
Forearm 0.439 0.561 0.410 0.590 0.4245 0.5755 
Upper leg 0.468 0.532 0.424 0.576 0.446 0.554 
Lower leg 0.360 0.640 0.469 0.531 0.4145 0.5855 
Foot O.46O 0.540 0.436 0.564 0.448 0.552 

These figures should be compared with our findings on page   63 . 

The Harlees ratios are also very close, on the average, to the fractions 

4/9 and 5/9. 

If we now compare our findings with those obtained by Meyer through 
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direct measurement, the main difference prores to be the location of the 

oomraon center of grarity In the body.    According to Ueyer,  it lies, for the 

upright position, quite far behind the hip Joint, In the second sacral rerte- 

bra or above It in the sacral cavity, something that we never found In our 

own measurements.    However, we muat clearly point out that we determined the 

center of gravity with the cadaver In the recumbent position, and only con- 

structed later on an upright position that proved to be a possible one by 

comparison with a living body, while Meyer and Horner together observed the 

living body directly.    It is perfectly true that the body can be held In such 

a position that the center of gravity falls behind the hip Joint, in the 

spinal cavity and even farther back.    All that is necessary is to bend the 

body backward, with the shoulders pulled back hard, so that the body forms a 

convex curve toward the front.    The center of gravity will then lie behind 

the hip Joint, and the greater the curve the farther back it will lie.    But 

this Meyer position is in any case no starting position for neasurements, as 

it cannot be standardized.    It Is also no "military" position, as Meyer calls 

it, and it still remains to be proved whether it is specially stable or not. 

We shall return to this position later on. 

Furthermore, when Meyer says  (Müllers Archiv, 1853, page 25) that the 

flection planes in the tibio-talus Joint form an obtuse angle toward the 

front that is increased still more by turning the toes outward, and that this 

causes a locking of the ankle Joint that prevents the leg from bending forward 

against the foot when there is a simultaneoua locking of the knee and hip 

Joints, this is true in the case of the first ankle Joint only, but not of 

the foot aa such.    If the leg is firmly twisted, it is quite possible to bend 

the spine fairly far back, as seen in Meyer's well-known figure, for in that 

case the torso la suoported by the Bertini ligament.    However, the leg is not 

locked at the ankle Joint,  in the upright position, even with a very wide 
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w 
spread of the feet, for movement is still possible in the second tarsaajoinW 

This makes a good deal of bending possible even If the knee and hip Joints' 

are locked whlle the feet are turned far out. This is easy to proT« on one's 

own body. If this were not the case, it would be quite inpoasible to walk 

on a very steep inclined plane. 

» 
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DETERMININÖ THE LOOiWION OP THR CBWTER OF ORAyrry ON 1H1   Ifi'^'. 

LIVINO BODY,  IN DIFFERENT POSITIONS AND WITH 

DIFFERENT LOADS 

The measuring and weighing that wo have done hare made It possible to 

determine the oenter of gravity on the llring body at any one tine.    This 

requires that the body be plotted on a graph of space coordinates«    Two pro- 

jections are enough, on one plane each, the most conrenient being a sagittal 

and a frontal plane.    The best way to obtain them is to photograph the front 

Tiew and the profile.   The horizontal ground surface should always be used as 

the XY-plane, and the vertical that bisects the line connecting the centers 

of the hip Joints as the Z-axis.    If the X-axis is permitted to run in a 

sagittal direction, the Y-axis will hove to hare a frontal direct ion,'  This 

in Itself determines a system of right-angle coordinates, when it Is also 

decided that the positive direction of the X-axis shall be forward, of the 

Y-axis to the right, and of the Z-axis upward. 

Teo plumb lines were used to help in placing the body exactly, in photo- 

graphing It, to Indicate the proper direction of the axis in all the photo- 

graphs.    Actually, two plumb lines were used, so that the YZ-plane oould also 

be obtained for the normal position.    Then we marked the centers of the Joints 

on the photographs right on the spots where they belonged, as indicated by 

measurements made on the living body in the same position, by projecting 

them on the body surface.    Trying to nark them on the skin before taking the 

photographs la impractical, because the displacement of the skin when the 

body moves changes their position.    This method could therefore only be ueed 

when standing, this time,  in the normal position, because the locations of 

the center points would have to be marked over egain on the body surface by 

projection for every other position of the body.    The centers of the Joints, 

such as the elbow and knee, were also found, because we discovered that the 
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center of gravity of a limb always lies very nearly In the line that oonneoted 

the centers of neighboring Joints, ..After determining the ratio of the distance 

between a limb's center of gravity and the center of the neighboring Joint 

(see page 62), we were able to calculate, from the coordinates of the centers 

of the Joints, the coordinates of the center of gravity lying between them, 

If xi» 71» and zi, and also x^, y^, and z^, are the coordinates of the 

centers of the Joints of a limb, and i^  and £% are the ratios, as given on 

page 62 , of the dlstanoea of a center of gravity from the neighboring Joint 

centers, we then have the following proportions for the center of gravity in 

calculating the coordinates Xj j^., y^ kt  and z^ u, 

(*1 - il,k) J Ui,k - xk) ■ ^i J <k » 
(71 - yi.k) : (yi,k - 7k) - fci : £k . 
(zi - zifk) i  Ui,k ~ zk) - «i : Cfc , 

from which It follows that 

j M ♦ ^k) Xi,k - k«! ♦ «ixki 
( ei ♦ «.k yitk " k7i ♦ «lyki 
( €i ♦ £k) 2i,k ■ kzi ♦ ^i»k. 

Now since ratios (.^  and &% are calculated for a total length of 1 for 

a limb, 

and therefore 

^1 + «k- L 

xi,k - k^i ♦ ixk , 
71,k - kyi ♦ 17k » 
zi,k - kzi ♦ izk , 

The quantities to be used as the values of ratios t^    and £k are the 

arithmetical means of their values taken from the three center of gravity 

doterminations, calculated to two decimal points, as ahown on page 63 • 

We thus have the table. 

Body part 

Torso 
Upper leg 
Lower leg 
Foot 
upper arm 
yorgarj 

O06I 

0.A2 

0.47 

0,39 
0.56 
0,50 

0. 
0. 
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In which £-!   always belongs to the proximal Joint.    The ratios for the torso 

are not included in the above table,, because the torso does not form as 

unchangeable a mass as do the limbs.    HowsTer, the extent to which it does 

change its form in the body position we are now investigating is not very 

important, so that In this case we can use the ratios as already obtained for 

our normal position without any error worth mentioning, as later calculations 

will show,    v/e found that when the distance of the atlanto-occipltal joint 

from the line connecting the centers of the hip joints was 66 cm., the 

distance of the center of gravity from the atlanto-oocipital joint was 40.2 cm., 

and from the center of the common axis of the hip joints, 25.8 cm.     It is 

from this that we calculated the above values of Sj    and   £k.    in order to 

simplify the calculation we have further assumed that the center of gravity of 

the torso falls, for our body position, exactly in the median plane. 

We have not indicated any    ti   and    fek ratios for the hand, as the 

position of the hands and fingers varies too much.    However,  it is usually 

easy to recognize the coordinates of the hand's center of gravity from the 

pictures fairly well, and measure  it directly. 

We do not recommend taking the averages between our own and the Harless 

values in order to obtain the weights of the different parts of the living 

body, because Harless weighed a body that had been drained of blood.    Even 

the averages from our mn three weighings would not be much more exact, for 

the Individuals weighed were far too few.    It  is better to use the weights 

of cadavers whose length ratios and whose weights appear to be as nearly as 

possible those of the living figure.    The model we useTll had about the same 

length ratios and weighed about as much as cadaver .IV,    The difference in 

weight was only 3 kg., so that we had to adjust the different weights of 

cadaver  IV, weighing 55700, to the weight of our living model, which was 58700. 

This meant multiplying the weights of cadaver IV by the ratio 



I SERIAL. NO. , , 

Translation No, 379 
. >tf 

The weights we obtained In this way for our living model, that were 

used as a basis for all further calculations, were, when corrected to within 

10 g., 

Total weight 5Ö700 g. 
Head ^140 g. 
Torso 25060 g. 
One upper leg 6Ö00 g. 
One lower leg 3090 g. 
One foot 1050 g. 
One upper arm I98O g. 
One forearm 13^0 g. 
One hand 490 g« 

Our model was photographed In the following positions, the same man in 

both, in one-tenth life size, so that millimeters In the photograph corres- 

pond to centimeters in real life. 

1 - Plate TV - normal position, as described on page 38 , 

2 - Plate V - easy position, as he placed himself without any direction, 

3 - Plate VI - military position. 

A number of photographs were then taken of positions in which the model 

carried military equipment, all of them of the nude figure without the pack. 

They were, 

U - Plates VII and VIII - presenting arma, 

5 - Plates EC and X - firing, 

6 - Plates XI and XII - aiming rifle with one arm outstretched. 

and positions of the nude soldier in complete military equipment with loaded 

cartridges, 

7 - Plates XIII and XIV - standing and shouldering arms, 

8 - Plates XV and XVI - firing. 

Profile views were sufficient for the first three positions, because of 

the symmetrical arrangement of the body, but in the others we had to take 

both a front and a profile view. The left forearm also had to be bent some- 

what at the elbow in the first two positions, to make the mark on the hip 
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Joint. Tlslble, while a slight forward slope of the arm was sufficient 1Q the S 

military position.    It is rery easy to make a slight correction in the calcula- 

tions that will bring the floras back to the aymmetrlcal values. 

The coordinates of the centers of the joints ware determined from the 

photographs as follows: 

First, we determined the centers of the Joints on the same lire model, 

standing in the same position, and projected them to the body surface, as nay 

be seen in the plates.   Then we laid transparent paper ruled in millimeter 

squares over the photograph, so that the &»axls ran in the direction of the 

plumb line and through the center of the line connecting the two hip centers, 

and so that the point of origin of the coordinates lay at the horizontal 

ground level.    This made It possible to obtain all three coordinates for posi- 

tions 4 tu 8 from both views, allowing for the fbreshortening and lengthening 

due to perspective«    It is true that we only obtained two coordinates,    X 

and Z,    for positions    1 to 3»    from Just one photograph, but since the 

distances for the symmetrically placed limbs had been measured on the living 

figure, we also bad the Y-coordlnates, on assuming complete bilateral synnetry« 

POSITION OF Tim BODY WITHOUT A LOAD 

I.    NORMAL POSITION - PLATE IV 

Coordinates for the Centers of the Joints 

Joints z y z 
Atlanto-occ ipital 0 0 152 
Hip r 0 ♦ 8.5 87 

0 - 8.5 87 
Knee r 0 ♦ 8.5 Ul 

<? 0 - 8.5 A? 
Tibio-talus 

r 0 
0 

♦ 8.5 
- 8.5 

6 
6 

Hear edge of foot T - A 
- u 

♦ 6 
- 6 4 

Tip of foot r ♦ 20 
♦ -"O 

♦16 
-16 

1.5 
1.5 

Humeroseapular r 0 ♦18 13A 
( 0 -18 13A 

Cubital 
r 0 ♦18 103 
/ 0 -18 

108 Wrist 
r 0 

♦ 19 
♦18 
-11 
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From these we calculated the following center of gravity ooordlnatea, 

with the exception of thoae for the head and hands, that were obtained direct 

from the figure, rfeuaed the fj and e^   values on page 60 , with the aid 

of formulas 

yi.k • ^kyi* e-iyk 

Center of Gravity Coordinates for the Nomal Position 

(Plate IV) 

Head 
Torso 

Upper leg 

Lower leg 

Foot 

ITpper am 

Forearm 

Hand 

0 0 156 
0 0 112.4 

r 0 + 8.5 69.A 
i 0 - 8.5 69.A 
r 0 ♦ 8.5 29.8 
i 0 - 8.5 29.8 
r ♦ 6.3 +10.3 3 
^ ♦ 6.3 -10.3 3 
r 0 +18 119.4 
t 0 -18 119.4 
r 0 ♦18 91.7 
t + 8 -15.1 105.1 
T 0 ♦18 71 
t ♦23 - 8 108.5 

na.v 

Using these ooordlnatea and the weights on page  70, we have the 

following calculation, 

Calculation of the Center of Gravity for the xj), yo, and zn 
Coordinates of the Common Center of Gravity 

Parts of the Body 

Head 
Torao 

Upper leg 

Lower leg 

Foot 

Upper arm 

Forearm 

Hand 

Plxi Piyi Plzl 

r 
t v 
t 
r 
€ 
r 
t 

*10721 
0 

♦11270 
Total +35220 5A21379 
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ttaerefora 

^ m + tf220 
70 • 50700 ' 

or, 

, "■'.••■     ■■,■'',■:,:    ;     ■•..•*.v;<(-*,-;,-'V';v"vJi-■■■..■;. 
J ,''     ■'       ■.■•■■ ', '■:',-:   •■■,,-'!.;:..>v'-;,. -   ..    . 

«o-1^ 

XQ - ♦ 0.6    ,    y0 - ♦ 0.1    ,    zQ m 92,^ 

If the bent forearm Is dropped and pieced eymuetrlcally with the right 

arm, the three coordinates for its center of gravity are   0, -18, 91.7, and 

for the left hand,    0, -18, and 71, 

This makes the three coordinates for the conunon center of gravity for 

normal position, 

yo - 0 

Therefore, as already indicated, raising the left forearm only displaoes the 

comraon center of gravity 0,7 cm. higher, 0.^ cm. farther forward, and 0.1 en. 

farther to the right. 

The common center of gravity thus lies, for the absolutely synmetrloal 

and noimal position of the body, 4*7 cm. above the line that connect« the 

centers of the hip Joints, while our direct measurements showed that it lay 

4,5 CBc above this line. 

The supporting surface of an upright human body consists, as we have 

shown, of the area limited by the outer contours of the feet and the outer 

double tangents that pass through the rear edges and the tips of the feet. 

Also, the stability of the position will generally be greatest when the gravity 

line passes through the center of the supporting eurfaoe.    The point of 

intersection of the gravity line with the supporting surface is shown in 

figure 4, which consists of the projection of the feet on the XY-plane,    This 

point of Intersection lies much nearer the rear than the front of the supporting 

surface, and so the stability of the body in this position is greater in 
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reeiatlng a push (rom the rear than from the front, because the body lean» a 

little more bockward than forward, and can thus fall backward more eosily. 

This shows that our normal position is not the nost stable one possible. 

On the other hand, this position offers great advantages for making 

measuremonts and calculations, because it presents a definite point of 

origin, due to the foot that It makes the centers of gravity of the separate 

sections of the body all lie one abore the other In one vertical plane, and 

makes then easy to detemine on the living body, as shown in plate 17., 

Schmidt has shown, in a very remarkable work on the horizontal level of 

the human skull (Archiv for Anthropologis, Vol. IX, 1876, pp. 25 and foil.), . 

based on the careful measurements of skulls of live adult Germans, that the 

plane that passes through the outer openings of the ears and the lower orbital 

rlra is not the physiological horlaon. This plane rises above the latter, as 

determined by a large sorlos of observations, at an average angle of 5 1/2* 

to 5 3/4°• Schmidt considers the physiological horizon (as above, page ,35 ) 

as "the horizontal plane when holding the head straight; the head Is straight 

when it is held upright and r ests on the spine with the least posslblekDSOular 

effort, and with the gaze horizontal." He also found that soldisrs and 

ex-soldiers were especially likely to hold the head in this way. 

He summed up his results by saying that "the plane that connects the 

attachment of the zygomatlo arch abore the openings of the ears with the 

lower rim of the orbital cavity, the plane of the Gättingen Anthropological 

Congress, is the best horizontal to be found.  It approaches best the true 

physiological horizon and is the most stable of all the suggested normal 

planes,'1 

However, it Is impossible to determine exactly the level position of 

the head and the horizontal plane of the okull that is based on it, without 

knowing the headb center of gravity,, Human beings have no ligament in the 
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nape of the neck, and the neck muaclea cannot be conaldered as head aupporta, 

aince nowhere In the body do the musclee act as permanent carriers.    If we 

a33ume,  in correspondence with this, that  f,he head is held in labile equilib- 

rium durln« life,  even if not continuously, then the figure »e constructed 

as shown in plate III holds the head in the straight normal position.    If a 

line is drawn on this fiRure, connecting the center of the ear opening with 

the lower orbital rim,   it is found to diverge by about 8* from the horizontal, 

and therefore the present angle approaches Schmidt's angle very closely. 

However, n series of neasurements made on macerated skulls show fairly large 

individual deviations on this point, and it is better to accept wide limits 

for this measurement, rather than go Into deßreea and fractions. 

We shall have to leave further study of this ratio to the anthropologists, 

and be satinfied with preseutln* this mere indication, since only a great 

nunber of very exact measurements can lead to any useful results. 

Furthermore,  the normal position offers a great advantage when it is 

necessary to find the center of gravity directly on the living form, without 

any pictures. 

All we need to know,  in that case, is the direction of the individual 

limbs and the degree to which they diverge from the normal in their two Joint 

centers, thnt is to ««y,  away from the vertical.    As wo have seen, we have first 

to calculate the coordinates of the centers of the Joints, and then calculate 

the coordinates of the centers of gravity from them as described.    Therefore, 

what must be shown here la marely how to calculate the coordinates for the 

centers of the Joints after bending the limb, from its coordinates before 

bending (or in the normal position). 

Let us assume.   In figure 5.  that    Mj and Mk    are the center points of 

the  Joints of a limb, with    Mj    as the proximal Joint.     If this limb   M^ 

is in the normal position it must be parallel to the Z-axis.    Now,  if we rotate 
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the limb on the joint center   Mk   about an angle cK , out of the nornal poel- 

tlon,  In a plane that forma angle <£ with the X2-plane,  Joint oenter   \L{ 

must assume the position    Wj.    Angle «   Is therefore the angle, irhloh the 

new position of line   MkM»!    forma with the posltlre dlreotion of the i-axl«. 

The coordinates of point    M'i    can therefore be calculated fwm the ooordlnatee 

of the point   Mk ,    that remains fixed, as follows. 

If the length of the limb, that is to say, the distance between the two 

neighboring Joint centers,  is called   a,    then   11^^ forms a right-angle 

triangle with the right angle at    A.    the acute angle <*   . and the length of 

the hypothenuse   a.    Then   MkA - a sine or   .    Howeyer. this distance   MkA   is 

also thb hypothenuse of a right-angle triangle   ABMke    having its right angle 

at    B   and the acute angle <p .    m this right-angle triangle the two perpen- 

diculars   MkB   and    AB   are exactly the distances by which coordinate   x'i    la 

greater than   xk,    and coordinate   y^    is greater than   yk.    Coordinate   »^ 

is greater than   zk    by distance   AM^.    if we also consider that   m^    1. a 

perpendicular in the first right-angle triangle, then    ' 

x,l ■ xic ♦ a sine« cos p 

y'i ■ Yk ♦ a slneo^ sine 9 

z • 1 - zk + a cos c\ 

II.  THE KAJY NATURAL POSITION, PLATE V 

Coordinates for the Centers of the Joints 

Joints X y z 
Atlanto-occlpltal 1.5 0 150. 

Ankle r 0 * 8.5 87 
L 0 - 8.5 87 

Knee r - 1 ♦ 7 A7 
i - 1 - 7 47 

Tlblo-talua r - 5 + A.5 6 
£ - 5 «• A.5 6 

Rear edge of foot 
r 
6 

- 9 
- 9 

+ 2 
2 

4 
A 
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Tip of foot 
r 
L 

* 15 
♦ 15 

Hiuneroacapular 
Tr - 1 

- 1 

Cubital 
r - 3 

- 3 

Wrist 
r 
t 

♦ 1 
♦ 17 

From this we calculate 

Coordinates for the Centers of Orarity of the 
 Kaay Position, Plate V 

Centers for 

Head - 1 0 • 154.5 
Torso - 0.6 0 111.8 

r - 0,4 ♦ 7.8 69.4 
Upper leg £ - 0.4 - 7.8 69.4 

r - 2.7 ♦ 6 29.8 
Lower leg i - 2.7 - 6 29.8 

r ♦ 1.3 ♦ 6.3 3 
Foot C ♦ 1.3 - 6.3 3 

r - 1.9 ♦18 118.4 
Upper ara t - 1.9 -18 118.4 

r - 1.3 ♦18 90,9 
Forearm e ♦ 5.4 -15.9 102.2 

r 0 ♦18 70.5 Hand t ♦20.5 -10 102 

These coordinates make it possible for ua to calculate 
Coordinates XQ, yo, SQ 

for the Common Center of Gravity 

\ 

Pi«i pin Pl«i 

Head - 4140 0 639630 
Torso -15036 0 2801708 

r - 2720 ♦53040 471920 
Upper leg t - 2720 -53040 471920 

r - 8343 ♦18540 92082 
Lower leg t. - 8343 -18540 92082 

r ♦ 1365 ♦ 6615 3150 
Foot t ♦ 1365 - 6615 3150 

r - 3762 ♦35640 234432 
Upper arm t - 3762 -35640 234432 

r - 1742 ♦24120 121806 
Forearm t ♦ 7236 -21306 136948 

r 0 ♦ 8820 34545 
Hand t ♦10045 - 4900 49980 

Total -30557     ♦ 6734     5387785 
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therefore, ,        '■■ V^'"'     ■ ^:     ^^Vl-^^--^ ^'■^^ 

^ 

■ t left ■ •       - ''::: »■ ■■ ■'- , 
If the benyorea» la atretohed out •gaitt, ao that It Jb a^netrleal 

with the right one, the three coordlnatea tor Ite center of grarlty wlU b^. 

For the left forean: -I.3       -18 90,9 
;   For the left handt.  .     0   ;-,   -18    v-,70.5--. „^■''''!/v:'■"■■'' ■,--' 

Aa a reault, th« o?«*» of grarity (wrdinatw fis^ 

the easy, natural position, are '•     ' *        ^   *"<■'.'\,'';'  - '^ 
,.*■■.•*■.,'.■ ■,;•     '• ■.-;. ■■■■:i'.   ••■•■•■ 

In this caee, raising the left foreaz» ^w the ^er of >#U^ 

farther forward. 0.1 cau to the right, and 0.5 «J higher^upj ^ ■-V ^:''^ 

The ooin«on center of grarlty for tlieeasy, imt^l ^ui^thereförf ; 

lies, when both sides are perfeotly eyawtrlcal. 7.3 «.' «b<iTe the oeBtir of 

the hip joint and 0.8 ca. toward the rear, therefore ale^y» abore the hin 
ä ^   ■ ,,■■■- ,■,',-■ .      . im 

•-•^ 

nKj» aboTe 
socket," . -.■,;.».' 

The projection of the feet on the XY-plane and the point of mtewectlon 

of the grarlty line with the supporting surface are shorn In figure 6.    In 

this eass the grarlty line falla 4 en, farther forward than in the noxnal 

position, and thus makes the present posit Ion. more stable., 

III. THE MILITART POSITION, PLATE TI ' 
Coordinates of the Joint Centers, obtained 

' from the Photographs 

■( 

for x j z 

Atlonto-ooclpital    +5     0    152 

Hin 5     0   * Ö'5   ^ Hlp /     0   - 8.5   87 
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Knaa 
T 

/ 
X 

t 
T 

Tlblo-talus 

Rear edge of foot^ 

Tip of foot 

Humerosoapular 

Cubital 

Wrlat 

r 

r 

p 

£ 
r 
t 

These make It possible to calculate the following: 

Center of öravlty Coordinates for the Military Position, Plate VI 

' 
X 7 z 

Heed * 6 0 156 
Torso + 2 o 112.4 

Upper leg 
p - - 2 

- 2 
♦ 7.4 

:,- 7.4 
69.4 
69.4 

Lower leg 
T 

e 
- 5.6 
- 5.6 

v* 5.4 
- 5.4 

29.8 
29.8 

Foot 
V 

t 
- 0.7 
- 0.7 

♦ 6.3 
- 6.3 

3 
3 

Upper am 
p 
e 

♦ 2.6 
♦ 2.6 

♦18 
' -18 

118.7 
118.7 : 

Torearn 
r ♦ 0.3 

♦ 3.4 
♦18 
-18 

91.4 
91.6 

Hand 
■ r 0 

♦ 7.5 
♦18 
-18 

70   • ■. 
70.5 

With the help of these coordinates we are able to obtain  . 

Caloulatlona of the ZQ, y0, and SQ Coordinates for the 
Conau>n Center of Oravlty 

\ 

'' - .'■ 

Pl»l .   pm Pi«! 
Head ■ ♦ 24840 0 645840 
Torso ♦ 50120 0 2816744 

r - 13600 ♦ 50320 471920 
Upper leg ^ - 13600 - 50320 471920 

•r •17304 ♦ 16686 92082 
Lower leg e - 17304 > - 16686 92082 

, p -  735 ♦ 6615 3150 
Foot t -  735 - 6615 3150 

T ♦ 5148 ♦ 35640 235026 
Upper arm t ♦ 5148 - 35640 235026 
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Forearm 

Hand 

r 
L 

♦ 402 ♦ 2aa0 122^76     : 
♦ A556 - 2020 .X227U ^-A:-? 

0 ♦ 8820  34300 
♦ 3675 - ÖÖ20  34545 •^ v 

Total      4-30611 0 5381005 

therefore, 

or 

T^ - ♦ 30611 „   .       0 *_   . 5381005 
^       53^'     yo     33750"»   Z0     Säyoo; 

,i ■ ' ■■        ^. 

XQ - ♦ 0,5     ,     y0 - 0 ,     t0 - 91.7 -w 

In this ease the left forearn was not raised, but drawn a littlaCtarther 
' • '., ■ .   "   ' ■      •■.■:'■'■,. "''•>i';:-"., ■.   ■' 

forward together with the upper am than the military ppe.ltion required, ih   - 
*-;   ■ ■*< '        ■/-■,'■■■. 

order to «take the points Tislbla,    Howarer, the two ams «ist b» kept abso-r. 

lately syamietrleal, and in that ease the coordinates a««:' '  , 

For the left forearm     ♦ 0.3     -1^     91.4    '"    V / • 
For the haid 0 - 18^      70.0, ' /   ' 

; '   ■      .      ■      ■ -   . ■    ■ , ■ <■ ...... ..;;, ,,.   , •■• v. 

' As a resalt9 the coordinates for the eoanon eenter of gravity in the 

military position are, t1»- 

22782 n . 

This Inobrreet position of the left arm therefore hardly altered the 

eomon oenter of grarity at all, for the latter only moTed 1 mm« forward, 
' . .   ■ -..,'','.■ ■'.    •;".'■ ■"'. .    ■■■- /'■■■' 

remaining at the sasie height as before«. -   ^' 
■■    ■• .  ■ ■■ j .■•..'«■■■ 

The eonoion oeoter of grarity for the military position is ^hus at the 

same level as for the normal position«   ^Tt lies. In this ease tpof 4.7 cß, 

above the eenter of the hip Joints, and It Is drawn forward only 0.4 em, •'.;'„ 

within the body, so that it still Lies Tertioally above the hip Joints»   On ' 

the other hand, the model's sloping poeture draws the gravity line muoh 

farther forward through the airporting surfaee than is the case, in the normal 
position« 

y 
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Flguro 7 Indicates ths position of the gravity HIM In rolatlon to th« 
•    -, /     ■-■:. '.        ■ :\'V'.':-''':^V ,  ' 

supporting surfaos« .. .  -    ^.     ' 

The graTlty line intersaots th« supporting surfaes at a point th4t    ■ -. 

lies 7.2 om. in front of the tlblo-talus Joint, «0 that it lies nearer the 
■ "• ' ■ ■■ •   •    .'*■■"' 

balls of the feet than the heele.    In the nornal position the body was B»re 

eeüsitlre to ^ puah from the front, but in this case It Is aore sensltlr« 

to a push from the rear, beosuse the body Is more Inclined to fall fomard 
.'r .■ ■    • ■'■■'-;■,'."    . *>'''■:    ■ .''.V" 

than backward.   The sasy position, plate 7, lies between these two, as far   V 
"' -       ■■''.'<■',       !. • ■... ■• ■' ■;■'■;■»: ■:■$'. ^ ' 

as stability Is concerned, being alaost equally stable egalnsta push fro» 

the back ojf the front,  ; 

* ■; ■    ;      '  . .■.■•»* 

This unsatisfactory placement of the gravity line in the military f 

poeitlon causes severe nusoular strain, that leadsto great fatigue on being    ^ 

held for any length of time.    It is, therefore, «very undesirable poeitlon,  ' 

if anyone auet hold it for a long tine, and can only tje considered useful If 

it le Intended to itfake It easier to step out at the beginning of a maroh.     V 

When Meyer states, as has previously been quoted, that the center of      ' 

gravity for the upright and stable position, which he calls "military,N lies 

in the eecond sacral vertebra or Immsdlately below It la the sacral cavity,     • 

in such a way that the gravity line that emerges from It passee down 5 em. 

behind the axis of the hipe, the fact Is that this does not correspond either"' 

to the military position or to the comfortable and stable position, as has 
, •      "  " '■    v       ■>■■ 

Just been proved.   The ifeyer position should therefore be called extyenely 

forced, with far too great a rear bend of the thorax.   This Makes It highly 

uncomfortable and makes it require far too much exertion to hold0 

POSITIONS OF THE BODY WITH A £JQAD 

The good will of the military authorities made it poselble for us to 

hare a complete military outfit of Infantry equipment placed at our disposal. 

We wish to thank Major General Walde and Uajor Meissser, of the Prinz 

■J 



ttäfei 

Traüslation Nb, 379. ^:       '  ■ ' ■.■'^'--^''^''$l^l^ 
BCRIAI.NO. ^-;v .V-tfV^V^^'-V.^«:, :■*.■•: ^V>'>^A«K82' 

Jobann Ceorgjl'/Jth Infantry tfeglarat No, 107, for thoir kind sqpport of our ; 

experimenty by botb word and deed,.for we would otherwise taw^ been unable 

to carry it out, ' '■, 
•■•;'  ":- ■.■' '■'■■*   '■'    '.'.   ■ 

■ ' ■■.--■• ^, 

The soldler*8 clothing had, of eourse, to be eonpletely 4leearde^r/eo    ! 

that we eould show the body forme and the marks of the Joint« enters elearly. 

That is why we have omitted any calculation of the center of gravity of the " 

helmet.    Of course, this means an omission of part of ths soldier's load, 

but since the clothing fits all around the body, its (mission should not 

cause any definite displacement of the center of gravity» In one direction or 

another.    The heary boots are partly balanced by the helmet. 

The belt and its lock are also disregarded, as being part of the 

clothing« 

Infantry Squlpment Mo« H/87 

It would be quite   euffie lent for our purpose to list the weight of the 

rifle, bayonet with sjpade, filled eartridge eases, filled knapsack, bread 

sack with content and water bottle.    However, the entire contents of the 

knapsack ars listed below, so that anyone can figure out in d&i£ll what 

objects increase the weight of the knapsack and what objects can be omitted 

to decrease it, and thus change the center of graTity«   . , / 

         Weight of the New Infantry Equipment M/87 

Articles kg» g. r 

1 knapsack 
1 bag for knapsack 
1 knapsack harness 
1 rear cartridge case 
4.0 loaded cartridges 
1 shirt 
1 pr. drawers 
1 pr. white trousers 
2 pr. clouts 
2 pv, socks 
3 handkerchiefs 
1 pr. laced boots 
1 pay book    • 
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1 song book 
1 clothes bruah 
1 shoe brush 
1 shoe polish brush 
1 spreading brush 
1 sewing kit 
3 cans meat 
4 cans gun greaset leather polish 

and blacking 
3 cans Tegetablos 
3 portions hard tack 
3 bags (salt, coffee, rice) 
1 field cap 

^ 1 coat with two straps 
* 1 cooking kit with two straps 
1 body belt with look and pookei ' 
2 front cartridge cases 
60 loaded cartridges 
1 bayonet 
1 spade and sheath 
1 bread sack and content 
1 water bottle 
1 rifle 
1 rifle strap 
1 rear sight cover 

V 12, 250 

J 

300 

700 

>•'. 

Total weight of equlpaeat 24 kg. 250 g. 

The actual weight of the equipwnt at bur disposal was 24 kg. 100 g9 ,, 

The differenoe of 150 g. was due to the fact that we figured too low a' 

weight for the contents of the filled bread sack. This was because this 

weight is very variable, and we wanted to nake It equal to that of the bayonet 

and the space, which Mde calculation easlero 

Weights and Center» of Gravity of the Separate irtloles 
of Equipment We Used 

1 - Knapsack with rear cartridge oaae 
and 40 loaded eartrldgea 

2.- Two front cartridge eases9 with 
30 loaded oartridgee eaeh 

3 - Bayonet and spade 
4 - Filled bread sack and water bottle 
5 - Rifle 

6 - Helmet 
7 - Belt and look 

525 g. 
30^ 

Total 

Total 630 g. 

12250 g? 

3180 g. ' 
1570 g. 
1570 g* 
4700 g. ..- 

23270 g. 

^os> 
Total  24100 g«. 
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Centers of Gravity 

These were found by baling up the artlelee three different tinea, 

1. The osnter of graTity of the packed knapsaok (figs. 8 and 9), with . 

the rear cartridge «ase filled, lay 155 m. above the loirer edge of the knap- 

sack (not the cartridge case), and 185 iwu below the apper edge pf %bm knap- 

sack (not the ooat)y right in the median plane that divides the knapsack into 

right and left halves, 70 mm. behind the plane at the edge of the front sur- 

face as such, and 100 um. behind the center of the bulge, .«here it,bulges 

forward because of the packing. .       ^ y 

2. The center of gravity of one front cartridge ease (figs. 10 and 11) 

lay 50 mnu from above and 34 mm. from below, 22 rau from the center of the 

front surface, ; ,   '   , 

3. The center of gravity of the bayonet .with spade and sheath .(fig. 12) 

lay 265 mnu below the upper edge of the sheath, sonswhat forward«    ; 

U, The common center of gravity.of the filled bread sack and «atsor 

bottle, that changed according to the amounts contained, pas assumed to be 

synmetrical with the common center of gravity of the spade and bayonsit.   ' 

5, The center of gravity of the   M/71-84   rifle, without pualc or 

sighting covers, lay in a transverse plane of the rifle that passed through 

the octagonal piece, 20 mm. fro» the rear edge of the base of the sight, 15 n 
.-•. >,■ 

below the upper surface and 26 mm« above the lower surface of the stock . 

(se«t fig. 13}o 
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CoordinatM for 

 Joints ' x ' 
1 '; * "        ji 

th« c«nteri of the Joiata ' >   v^v' 1 ^' *-    T 
■ ■ i ■-,       ' ,;,-ir .    -     .   -   .   .r" .'. -v"'1'1^'' v"-' i;'':.'' '. 

Atlanto-ooclpltal ♦ 3   .       ♦ 1*5 '^151 
p 0 Hip 2 

:Kao« >' ■5' 

Tlbio-talttf 

Roetr edge of f;oot 

0 
*     - 5P5 
^     - 5.5      - 6       <    47 
p.'   -10..- '    * A»5 6   ■-..:.,/■"v^-/^"' 
^  :.,-io' ■■■• - ^05."* ':,V6-' -'■,■;': 'V:-;;:;;-.■,••.,V:'" 

Tip of foot. J ^io5 

1?- ■. +15./■ • ■.■ ♦IJaS^^ 103 •■;'"^ ■?■-■/^*.^;r^^>r' 
/. ; 4-I.' v   . ■—20 "•-■'■"• 101' - ^■■'^'•■•'v-:;'^^''<v:<>" ■ (Coital 

Ifpiat .p-.^423 ■■v:.:■♦, 7.5^'-ai - J'l : 

Pron this wa were able to ealoulat«    >     :v     Vv ,VV^* 
..   ■■■    ', -•■'Jb"-  ■        '...■■' s -  ■ , ,-■'        ■ ■'■   .* *- "*      v.   '■  ''     »'U   ■■'     V      ■      - ..r-»- 

Coordlnatea for the Centera of Oraylty for the Military PoaItioa. 
by Preaeatlng Apna» Platea VII and VlII'   '     ^ ;. .1; 

-»■: 

^v ■^.'■^ 

••»■,. ■> 

'■^ 

y-- ' ''»■' 

Head • 
Torso 

Upper leg 
_. r 

■; ^ Lower leg \. v-c^ 
r 

Poot 
r 

' Upper ann 
,: r 

f 
.,, .  . ,/''';, Foream  '';■ • 

r 

Hand 
r 

Rifle 

*tu2 y ♦ .0*6■■■:;-:i22 .:, v*■:■.•'■,; •■ ■-'■•■•v: 
^"2,4^,, ,t 7,4; .;;-69.4' ■■<vM^y--••,,,':^--' 
^'2-f;>> 7.4   :  V69.4 v::S>^ "■•■''■..■■"■•.■■;.; 

if 7*A   > 5.4     ,29.8 ••.;,:•,,;--,--.>--^V 

♦10   ; ■^;- ♦15.9'; :.'118,9- •■'^ •"' ■■('■■'■:^ 
-* A.8    '-1Ö.9V    n6.91-:-". ^VX--'' ;"-:;'! 

,.♦18.4  ' ' ♦"- ■ ■■.♦■■:■ 93.8-./^>,-"' ■'■■.■■■ -■.,'''■•. 
♦13• • ':- -u*« . • »101.4y^v,^;. :..r■ :,{:;-:^ ..■ 

. ♦27- ■.-    ■ ♦'4.5     - 77 ■■,■. ^V:r>»,4/- .,- ,**    « 
♦29.5 ;, '■■:   - , 3.5 '  - /  103 V ,X    ,V^V,V' ' V ■ :J ^'.v  '":- 

♦27 - 0o5      104«5      "  . 

In this ease aa In all later onea we deteralnod the center-of graviiy 

P coordinates for the rifle, the bead and the hpnd« directly from the photogro^ha« 



■ BR|Ai. NO. 

TranelatJLon 

tbe CodBgoB.&Biitar of GrATlty 

Hi i im 

Pin 

Hoad 
Torso 

Upp«r lag 

Lover leg 

Foot 

Upper 

Forearm 
.■   ^    .';■■ 

Hand 

Hlfle   Y. 

-. .1 ,.'■' 

471920 t-    - 16320   .50320 
..; ; r   ^^aM66- 1166Ö6: 

, '■>.■" f^ ~:. 2286^ ■ :-l6686;.       r^ ._.,.,... ,     .. , .,„., 
'-■■ r:.V'. 3ÖS5 ;:>C6415. :n:-;^3150i:*';./-J•;^^^!^ 

,::-'1£:;v^-^85;^^l5'v;<:;-3150\'^^;^v>^^ 
^ar ^'19800^+31^ 

• :*./:: ■;-*;' 95or?r37A22^23U62;/tv'^^ 
r  r    > 2^656   ♦UT^O    : 125692'' -    ^» 

;,  :' t •:•■ -^ 17*20.'. -19Ö32. "I   135876 
r 1;' + 13230 ■ V 22051 

Vril26900 ^J ^V^Vm&^w^w^ 

therefore 

or 

Figure. H,Above .«be eupportlag euiefaoe and the point of Jj|teraeotloii'0'H 

1*- 

■', .-H^ 

for the grarlty line, »Xpr th* »^reaeis^ aiM" "ppeition inplatea Vll^aad .¥111« 
'm In thia oaaa the graTLtyllaa^llea ntoh neager thetip than tbcbaak of^ 

,■ '   ■    •       ■ v'   v,,'-,ry '  >■' ■   -,       / ■   - v •"     ■ ^*,'-' ■ ■'■ ?-  -■ -.s-nTSf- 
the foot, so that thia positiv if «rery anatable and ^akealt eaar to Call ^ 

fonmrd*   The oenter of graTity llea 12,9 OK. in front of'the tiblortjalu» «r .' 
'.r- V'-■«,'■ 

Joint, 2«9 on, la front, of aaA 6 oa.,ah<>Te. the hip Joint* > Beeaoae^of tlM ^ ^v 
■ .., :^      • . ■^••■•^•v^- •■ ■•^^■^^-■•v.,T ■:// ^■■': :-^:vr 

rifle and the raaaltin^poaltlon of the l^foraan, the eeirt er of gravity.t 

Is raised 1.3 em« higher th^a4ia the jailitary position in plate YI«   la V .'V 
•  . ,'• , :    ,'r •'-.■ -'.■■ ■    •»:■.   .   .   '■      , "•.,, ,•      .■  '; >...■■  ■ > ,,  ;.,     ■ •■-.   '   ;•. 

order to decide to vhat aacteot the rifle aleo« haa dranm tha^oentär.ofv graTi^y 

fprvard and ujarard in ^h^ easev,^-hiiTe.tp^alotilat« l^veenter of graTitF:^ 

coordinates for the eaae position of t|ie am without rifle.   Then va obtaiasdi 
■      ,' > •>   „.■ ^ , .. .- V   -*.,"■.       •     " ■,- •■     '       ■■•' ■ '■     '1'-' 

' ■     1      -   * ■  * ,        .  , ■.      -r ■'•''.■ v     . '■■**.'*.      '   '1 '      •..!■':■■        "^      ■•'■•',■.■■■.■■, 

:     '        .       .  :   ■•   :     ,■•>■:■■   ^   ,'\.>-.:''^ :..r;.V\, ■;:'-^:)/.>'- . ■"::•• ■,^■>^'■ 
*• i.>^■■  ■ -. ^^     ■  ;■»   ^ 'i  ■'-■,<('        . ^ ^ * ,   »'■ .t 

■ *:■'*■ /■••• 



Translation 
I '-• ■;•■:« IA*. HO. -'-•■'■•-• ;■'.■;,•- ':'•■-.■.•■■■■ :*%..t^i??^f if *äÄ's f^M?Ä9f«^^^««I^S»^ 

m ito- 379,     ^>^g\||S^ff 

^Ö ■ ♦ 

Thus th» rifle alone displaces the eanter of gxvrity upward by. 0.9 ca., and by 

1.9 cm,, which can be explained by the fact that tha center of gp^ty Ist^J';' 

already dieplaoed upward and forward by the bent fcrns, in ooatrast to th» . ; ' v 

purely Military poaltlon In plate 71,,    Further»>re, it mst be noted that ths> 

bodj iteelf le drawn farther f^iward In the '  resent aras" position, beesnse. 

of the weight of the extended rifle, than is the case In the «illtary position 
- ' L- .' '''■'■■ y :'    -^ 

without rifle, and that this alone would cause a ^forward displaeeasnt of the    ■■'' 
r ■ ■ Z .^ , •■ •■■■■';'■ .. <i:- 

center of graTity0 

'.1  y    '   ■..''. 

-■•■. ■ Wv 
V, POSITION OF SOLDIER PIRINa, WITHOUT PACK, PLATES DC AMD I 

ft •        , ,■ 

Coordinates for Centers of Joints in 
Firing Position, without Pack 

X y 2 

Atlanto-ooclpltal ♦ 3.5 ♦ 3.5 U7 r" 
r * 5 ♦ 7.5 86 

Hip i ♦ 5 > 7.5 86 
r - 9.5 ♦n 46.5 % t ^-:-■;* Knee C + 8 -13 46.5, -■ ? . ■ %             ' 
T -11 ♦16 6 Tlblo-talue t. ♦ 7, -19 6 

Rear edge of foot 
r -U-5 

+ 2 
+12.5 . 
-18.5 

4 
4 

r ■ ♦ 5 ♦29.5 1.5 Tip of foot t ♦28     ' -18,5 1.5 ■ V   *           *      - ■   ■'  * 

r -16 ♦15 137 Hwerosoapular e ♦ 9.5 -u 132.5 •I 

.Cubital t 
-2,5 

"♦38-5  , 
♦37 
- 3.5 ;. 

133 
120 

"**> . 

Wrist 
r 
i 

♦16.5 
♦54 

♦15.5 
♦ 8 

U1.5 
141 

', 

,. 

< ■# 



■BRIAk NO. 

Translatloii No, 379 

Fron this v« obtain 

Coordlnatea for the Centers of .Grarlty for ths Firing Position, 
without Pack, Plajee EC and X ?     v >-.v - 

Head + ^.5 ■■ ♦:5;:-: ■ ■• 151--:.;,^ 
Torso ♦ 1.4 * 1.4 •• 109.8 ; > ■ . ■''> 

DJ)per leg 
r - 7    " 

♦ 6.3 
♦ 9 
- 9.9 

-,.■■: 68.6'r.;;-:v- 
68.6      . 

.-t- '"' 

Lower leg 
:r -10.1 

♦ 7.6 
♦13.1 
•15.5 

29.5   ' ;■" 
29.5 ; 

,••'"' 

r - 6.1 ♦19.8 '3      :'..■•- 
■'■ ^'^ 

Foot 'I '♦13o2 . -18.5   : ::" 3   :--*■-.■ -. .■'■ 

r - 9.7 ♦25.3 135.1 w #■' 

Upper aim t +23.1 - 9.1 .126.6;    ■;,-' 
Foreaxro t 

♦ 5.5 
U5 

♦28     ' 
♦ 1.3 

;i36.6 -,   . 
; 128.8-■•■' .;■/■ 

:■ x ♦20 ♦12.5 142.5     .. Hand t ♦57,5 ♦ 8.5 142.5 

Rifle 
-. ■, i 

♦48 * ♦ 9.5 ' 146            ' . -r. ■ 

These coordinates then give us 

Coordinate» XQ,  y0> ZQ   for the Coanon Center of Grarity,, 

therefore, 

* or 

Head 
Torao 

Upper leg 

Lower leg 

Foot 

Upper arm 

Forearm 

Hand 

Rifle 

r 
I 
r 
/ 
r 
e 
r 
e 
r 
i 
r 

Pi*! PiFl Pt«! 

♦ I863O . ♦20700   .     625140 
♦ 3.50Ö4   +35084- * 2751588 
- 47600■•♦61200 
♦ 428*0 -67320 
- 31209 +40479 
♦ 23484. -47895 
- 6405 +20790 
♦ 13860 -I9425 
- 19206 +50094 
+ 45738 -18018 
♦ 7370 +37520 
♦ 60300 ♦ 1742 
♦ 9800 + 6125 
♦ 28175 + 4165, 
+2256OO +44650 

466*80 
466480 
91155 
91155 
3150 
3150 

267498 
250668 
183044 
172592 
69825 
69825 

686200 

Total  +406461 +169891 6197950 

*o-*m' -o-^. .o-w 
XQ - ♦ 6.4  »TQ - ♦ 2.7  , zn - 97-8. 



*   t™**** »..379 •:. ■:;;■■■• V'--ÄÄ^i'äiÄls 
In thla oas« the oeotwir df graTlty UM JJL.S.oa. above the line eoBi»eet^>7 

ing th« hip joint centers, and 7«1 on, higher than in our normal positlo^«v.j^ 

It lies orer the pronontory, about at the level of the eettülAge between the v 
•■•' 'v. ■,,- "■:,',;. ■    ,'"'■ •:';   ■ ' 

fourth and fifth lumbar vertebrae, about 5.5 cm.'forward, about 1 cau to the 

left of the median, and 7 on, in front of the center of the line oonneoting    ;/ 

the hip centers. ''■'.' ,    i 

Figure 15 shows the relation of the gravity line to the eapportlng        .  « 

surface. ,::-',"':;"/'.■ ■■';,■; ;,;'>■'■,'■'- 
'- ' ' ^ . , ■    ■. » 

The figure has muoh greater supporting surface with this position of the . 

feet, as the figure shows, beoause the gravity line lies nearer the front . 

edge than the rear edge of the supporting surfaoe and thus Hakes the position .. 

■ore secure against the recoil of the rifle. The position of the/,lght foot ■ 

farthsr back and farther outward is a farther, advantage, visibleVintthe '' ■•*.■ 

drawing/ for it increases the distance between the gravity line and the rear 

edge of the supporting surface still j&ore. In the.negativ«! direction of the 
■    -'*'. . ' ,■  ■" .>'••■'.    i, ■• v i' ■ '      * *"'     ■■■■',,,    f.    '-' 

X*azl8# whloh Is the direction of the rifle•srecbtl« ;/': 

./ 

■■■,-' '■'■'''.      i'' 

71. POSrriDN OF.TEffl NUDE PIOURE WITH RIFLB SXTBNDKD iND^! 

OtJTSTHimfflKD AHM, P14TIS ^ ^in    /.^^^ C'.   ' 

Coordinates of the Centers of the Joints   ,' 

Atlanto-oeoipltal 

Hip 

Knee 

Tlblo-talus 

Rear .edge of foot 

Tip of foot 

Hume rosoapular 

Cubital 

Wrist 

0 ♦ 3 150 
r ■ 0 ♦ 8c5 87 
i. 0 - 8.5 87    ' 
r - 2 ♦ 9 47 
e - 2 - 9.5 kl 
r - 4 ♦11 6 
e -A -^•5 6 
V -e.5 ♦ 9 k 
f - 8.5 -10.5 4 
t +16.5 ♦16 .     1*5 
f +16.5 -17o5 l.J^ 
r ♦ 2.5 ♦17.5 M37 
e - 5 -16.5 131 
V +29.5 ♦15.5 131 
t 
T 
i :5k -21 

128.5 
74 



■ Traaslation No. 379'■' :  ^^^^^y'''^''^^ 

From these we obtain- 

Coordlnatee for the Centers of Orarity of th* Bilde Fl^Mre^V ^ 

with Rifle Extended, Flatea XI and III :^' yh. 

Head 
Torso 

Upper leg 

Lower leg 

Foot 

Upper axn 

Forearm 

Hand 

Rifle 

♦   .1 
0 

r 
/ 
r 

r 
^■ 

r 
£. 
t 
e 
T 
c 

.      ...        ^:^^lM^4 
- i.i - ♦ .e^:     69,^ ^%#-.:i:v:>. 
-, 1.1 •'' • :^.9;"^': ■ 69UÄS^#a':.'-"^v 

♦ 'A   '■• /*■■'■'■■ 

- 2,8.      ♦   9.Ö 
- 2.8   '; - 10^j| 
♦ 2.3 ' , ♦ 12 
♦ 2,3      - 13.5 

■ >,■*: 

♦ 15.2 
- 5 
♦ 39.6 
- 1.A 
♦57 ' 
>   6 

♦ 86.5 

» 

♦ 16.6: 
-^7.2 
* 14.2 
- 19.3 
+ 11 
-22 

29.8'^Urv^ 
■29.8.:*^- 

■a '.:. -';. V-;. >'.■' r' '.•tV>:^J
,-"s'> 

134*2 ,:.:^r:.'^V'.'':-''■■ 
116.4 -n"->-:<;■:.::..^- 
135:. ■ ^ -''■■•-■■'•■ ■ ^ 
89.1,    ._..,,  ,   ,, 

140.5 
PJf   ' ■' '•.rfcT'i-,..,!.'■.-"'   • / .   «••; 

i43.^^v-:;-,;:-rfv 

These give us 

Calculations for th» ZQ, y0, «nd SQ Goagrdinatjie 
for the Comon Center of Gravity'■  • 

,' r*. 

?l 

Pi«! PlFl 
»'■' 

' , -a ^ 

Pi»! 

,1, .>|,l»''* V.'.A-. 

^U 

Head 
Trunk 

upper leg 

Lower leg 

Foot 

Upper arm 

Forearm 

Hand 

Hifle . 

r 
t 
x 
t 
V 

i 
r 
f. 
v 
£ 
r 
t 

♦ 4140 ♦ 16560 - 637560 1- . 
0 ♦ 30072 JZ79669^^A- * 

- 7480 ♦ 59160 ■ < 471920 ' ^  -^ 
- 7480 - 60520' 471920-f., „* 
- 8652 ♦ 30282 
- 8652 ■ m. 33372 
♦ 2415 ♦ 12600 
♦ 2415 — 141T5 
t 30096 > 32868 
-v 9900 ^ 34056 
♦ 53064 > 19028 
- 1876: • 25862 
♦ 27930 ♦ 5390, 
♦ ,2940 - 10780 

92082 
„ 92082■•■>,.(

r.v 
.-.»r3i50':r^,;■.'■; 
.- 3l50:;<fv^ 

. 265716 •A^-
:r 

230472/ >■ '% 
-180900^;  • ,.   . 
119394.-        v 

68845    "' 

♦406550   ♦ 32900 .     674450 

Total   ♦ 485510   ♦ 60095     ^152147   ? 
^^. 



p 
■KRIAUNOk ^^ 

Trwislatlpn No, 379   -W^WE^EmMflmMm^m^ 

therefore 

or 

Xö - ♦ 4|||i2   ,      y0 - * $2225 ,^_   6152U7 

x0 - +   7.7       ,      y0 - + 0.9       ,     »0-97.0        ' 

<■   ,4, V.v«, V 

In this ease   the canter of granty lies 10 ca. .bore and 7.7 cii.\in    & 

front of the center of the hip joint, about at the lerel of the center^r   ^ 

the fifth lu^ar rertebr«. , Xt rlae. entirely out of tOiepelTle^for^t'l^ 

farth«. fonrard than the *ront ed«. «f the ^ri.; ^ ^ala^l«^ 

■>'■<,■ 

0.9 «a, to the right of the äedlan plane. 

Figure 16 shorn* the relatlonehlp pf the «rarity line to th^ «upportlng j- 
■    surface.        ■.'■"' '   '" '..,   ■ ■ry'*:''--/"^.'-^:^'^■'■/^^-'K ^i-:*^ 

With the body m this position, the g^y llnelles falx^ 

la relation to the ^rtIn« surface, but noV^ 

«i«, «s «Ight hat^ been sxpected.    This !• became the Wei i^^^ 

body back for eo-e dlstance-^le In I^ssnUng^ 1« was fcr^^ 

forwird.   On the other hand, the center of grarlty la tWs case Is drL       '   ; 

•bout 5 c». '^ber for^urd inslds toe b^y tban in ^ 

It lies almost outside the body, due to the rear beadi    It Is l«po«i^u tol 

hold the miitary position when loaded with the rine In t^e ^^ it Is"" 

just as inposslble to assuae a «aitary position when hearUr.loaded fro« th^ 

front, as with the heavy dnw. ' . 

In order to detealne the effect that the advanpgd rifle has on the   ' .. 

center of gravity m this posltlo»; it Is'necessary to f Ind the io.^; and ^ 

coordinates for the center of gravity of this position of the body ^thout  " 

the rifle.   Thus we find that ' 

..v 



SKRIAU NO. I.,'-. 

Translation No, 379        ''. 

Thla means that tha advanead rlfla dlaplaeastto.eant** of gyaTlt^.A <mJ 

farther forward, 0.5 «■. farthar to ttaa right, an*-3«7 ea.! hlghar «p, for tha 

aana body poiltlon. ■-. \ ■'''../,,• '-  •     . '  - ••• -V^;' 
*:'-y 

711. MILITARY POSUIDN WITH Wli PACK, aHOULDpiNOARlB. 

PLATES XIII AND XI?    : 

Coordlnataa for tha Joint Centars 

Atlanto-ocoipltal +3 ♦   1  '  -  ^  151   v 

Hip r '4   0  • *   Ö.5 iV     87 

Knea -' "   J.J ♦   6        '    : 47,: 
/ -   5«5 -   6 47 

Tlblo-talu» ' " S +   f'f ^    -^ 

R9*T adga of foot       ' " Jf      ;      *   I ^   f   r 

n,0rtoo*    :r.. :t"■J^:-^'■^^-- 

Cubital r    .     -   1 '-.■     .♦ 21     ?^riol 
C *    U ;/- 27*5i"^ri02 

Wrist r ♦   Q,y        * 24  ^   '• .  74 
, ■ • ^  ^. .    .♦ 26..-..-; :- - l$v^:K/.9?l i::.• 

As a raault# wa hara 

v.vr ' Coordlaataa for tha Cantars of Gravity in tha Jlilltacy 
PQaltlon with Full Pack, Shouldaring Asm, Plataa XIIl- and XIV 

""           ""     "~ TT : ,.,-., :   -        • „ ... ,.T.,  '.    ' .   ■ .... 
  ■  x ■■ 7     • :' - ■■-a 

r       ;"   2^        *  Z-f ■ 69.4 Upper leg e -^   2#4 .7^ 
^9,4 

L0,Wrleg ^        -   7.8 -   5.4 ,29 8 29.8 
Foot '    - H   : i'\     3 ^    - 4.7    - 6.3 

r ♦   l.l + 19.9 
Upper arm e ^    5^ - 22.5 

3 
117.4 

r -    0.4 ♦ 22.3   .    .     89ä7 
Foream e + 13m2 . 23.5 

r 4-0.5 + 23»5 69 
97.4 

HaiMi ♦ 29.5 - 15.5 tlK) 



•I ,, mmmtAL.Hm.-'--'''--':■ 
Traoalatlon 

Sine 

ssa 

» ♦"^^^•♦: 12;5 ■;■- '    95.5V■•:;'%",;. ■•   ■ 

Knapsack with rear 
cartridge case 

Front cartridge 
oases 

Bayonet and spade 

Bread sack and water bottle - 7<,5 ♦ 18; .. :  75 

Using these coordinates and the weights of the, artlele« of equipment, 

we obtain 

Calculation of the 3^, y0, aod 20 Coordinates for the 

^^^^     Conon Center of Oravity . 

Head 
Torso 

Upper leg 

Lower leg 

Foot 

Upper arm 

Foream 

Hand 

Rifle 

Knapsack with rear 
cartridge case 

Front cartridge 
cases 

Bayonet and spade 
Bread sack and water 

bottle 

Pl»l PlJi Pl«l 

. ♦ 16560 ♦ 4140> 641700 
+ 30072 ♦ 10024 2806720 

r - 16320 ♦ 50320 471920 
/ - 16320 - 50320 v 471920 
r - 2U02 ♦ 16686 • 92082 
if - 24102 - 16686 92082 
r - 4935 ♦ 6615 3150 
^ - 4935 -• 6615 3150 
r ♦ 2178 ■■-<* 39402 232452 
/ ♦ 10494 ' - U550 232452 
r -  536 ♦ 29882 .,■ 120198 
e ♦ 17688 - 3U90 130516 
V ' ♦  245 ♦ 11515 33810 
t :i^55 

- 7595 44100 
J  l 

•r-awöo • ^■54050 / 672IOO 

-189875 : ♦ 4900 • 1402625 
p ♦ 25UO ♦ 19875 151845 t ♦ 25a9 - 1^375 151845 ' 

- 11775 - 28260 ' . 117750 

, - 11775 ♦ 28260 117750 

Therefore, 

or 

Total  -133903   - 37822   7990167 

T -  ffifrg     ^..17822  : ■   _ 7990167 
^     nsm •     yo      8197Ö»     »o" •tgg|jL, 

x0 - - 1.6        ,       y0 - - 0.5     ,       20 - 97o5 

,, •> 



Tranelatlon Kb. 379.      - '. : ■.;'"■':';■■"■" -^^^te^^^^^^^-'N^*'^ 
■■■*■''■,:•'•/'■v ^-.v;:^-..-' vj:^/; «■,■■■-..'v1 ;-;v-.-*•"' ■ 

In this oaae the oonUr of gravity 11M JL0.5 on. a^boTatb« center of the 

hip Joint and 1.6 cm. farther back, and ttme somewhat aboTe the center of. the 

fifth lumbar yertebra, la the Tertebra Itself,    It does not llexi|ght In the 

median plane, but 0.$ cm. to the left.    This la due to the position of the^: 

rifle, resting as it does on the left shoulder«. 

Fig. 17 ehows the relationship of the gwQrity line.to the supporting 

surface,, '      '   ' ' •' ""' ,    ■     '   ' <■   ■'■''•      „■';, 
• '<;./ . l :-y:\ r  '/■■•:    ;■,'.   .'7i; 

In order to determine the effeot of the rifle alone and of the knapsack 
■■ ■■ :- '■."'■'■■:■'':■■'■: ■.,,-::/^f■<■,■:,■,;.;■;; 

on the center of gravity in this oase, we hare only to.caloulate the coordi- ' 

natee for the center of gravity, first omitting those for the rifle alone. 
. '■'- '■''.■ ■::..,:  '■' V -'.1'

1!-''.'. ..: 

and then omitting those for the other articles of equipment,     'T' 
.,•■■•.■.  ,"..  ''TV .   •  ; \::w 

The coordinates for the conraon center of gravity without the rlfl? are   ^ 

■    > 70 - ♦ 7727^   - ♦ 0^ , ■■ . ,. • '  fv ,;,.:' ,• 

In this position the model again has the left arm benA at the elbow, 

and the hand held forward and somewhat toward the center, as this is aeoessary 
■ ■ • ■ ■   ■    '   ■   »   »      .  ■ - *./ ^ 

for holding the rifle.   The symmetrical position of the. other band most be 

assumed, in order to determine to what extent this displeoes the center of     y 

« ' ■ , ''v     ' ■■ •   '■     -'        ^      ' 

gravity forward, to the right, and upward«   The coordinates for the common 

center of gravity, with full equipment,but without the rifle^and with the.^    '"' 

arms in a symmetrical position, are then, ; ; 

^ 77270 

yo - ♦   190(>U     m ♦ 0.2 
77270 

z..    222Z459  -94.A 
^ 77270 



This sbows that the position of the left arm has dram the e«ater: of■. 

gravity 0.5 cm. farther forward and 0.3 cm. higher op, while th« displacement 

from the median remains the same^.or 0.2 en«   The oenter of gravity did not    < 

fall in the median plane this time, as tiould be expected, because the model    ->• 
, '  •■■",■■; ■>;■ '•• 

leaned the upper part of the body somewhat to the right, as nay be seen from V 

plate XIIIo . 

Omitting the centers of gravity for. all the, equipment, including the :',.." 

rifle, gives the coordinates for the common center of gravity, in the'posit ion 
' - ■ ■ ■.   *    \)., ^ ■> i  ..,■■,.,  ','. '•„ 

which the body assumed because of the load, a& 

_AA2 

11328 

5376252 
«o-      ffioav* 9M 

'    r 
*   '   ,''■ 

''V'- ' 

If the left arm is placed synmrtrieally to the right one, with'the body 

in this position, without pack or rifle, the coordinates for the cosBon 

oenter of gravity become ,       ;   • . •, , ^ 

^->«:--^^';-;t/"-^-:€:'?: 
• * 

'■,   ■      ;" ,       • ■ "'*'*■■ "■'■■•''',    > 

' '    ,. ■■■'■'       ■     ^ ..'-.■''  > \-: • 

The center of gravity coordinates for the pack (without the. rifle) must 

BOW be omitted in order to prove the of foot,of the rifle alone in thlmposi^ 

tlon of the body with rifle sloping,,    We then find that       ,.     V'*' 
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iu theaa Individual xsaaea we tabulated belo*,'to'hLre■llt-■ea8y■tq'^^A^;• 

the reeulte for the lallltary position 

Position in iOate    rv; SyaiootpicalPOBltloniV^^^^^^ 
 — '—s        ^       SL   .; a   r sc£J^ai±.-v: 
■ Body with full pack ^    •■■■"■    ~* ■■:-" 

and rifle 

Body with full pack 
without rifle 

- 1.6  . 

- 2-l 

- 0.5      97.5   :• 
'   *'  •                 ■.■|t'1*'■■. ■' 

♦ 0^2 *  94.7  ; ^f6,;>;o.2;-;/^4.A:K;^ 
■■■■■ ■■■'," : ■''■ \-/■'-'>'^:^?^- 'V^VV 

♦ 0.5 - P,7       95.4 ' ,;>/ ;V/-,^"'v;;(:.:.^i';- 

0 ♦ 0.2        91.6 "0.7       +0.2',   91.2, ^; 
• -        ■ •■. ■'■,..    . ■,.?), * ..,■'•■ 

.  Body without pack : 

with rifle   ;v 

Body alone ' • -. 

Thus, as this table shows, the center of granty is dieplaoed .wary little 

by the pack alone, for It lies only 3.2 cnu higher ^1,9:c«u^her back ? 

as seen by comparing the figure« for the syriwtrloal ^eltlon. of\he ^ 

Since tha radluaj>f the Wp Joint is'generaUy 2.5 c«,, adding the "new pack 

does not eran push the grarlty line outside the Joint. This 1*. what'Bake« , 

the new style pack so exoellento     . 

These calculations can be contrelled by using direct Bsasureaents,'as 

was done with cadarer no.  III.    Kh«a tha body was froaen solid In the reeu*- 

bent position, the pack.(without rifle) irae bung on it'as well as possible, 

and the center of gravity was found m tha regular way.  .It prored to be' 

displaced by 2.5 c«u to the rear and 3.5 oa. upward.    The upward displaoenent 

agrees to within 2 urn. with our calculation, whil^' the rear displacenent difif; 

fers by 6 ra.   The difference was caused by the fact that the froaen cadaver  :. 

could not take on t^e sane position as the live model, whose back bent        V   . 

slightly under the weight of the knapsack. .V 

The. table on page 96    also shows that the rifle over the left shoulder 

causes a dIsplacaBent, for this body position, of 0.5 cm. forward, 0.9 csu to 
the left, and 3,8 cm, upwaxd. • 
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VIII, SOLDIER WITH FUU, PACK,  DJ FIRING POSITION». PUEES HT ARD ^XV^. 

Coordloates for the Centara of the Joints 

Atlanto-oecipltal 

Hip 

Knee 

Tiblo-taloa 

Rear edge of foot 

Tip of foot 

Humeroscapular 

Cubital 

Wrist 

+    1 147 
r - 5 ,,;"■♦'. 7 -. 86 ; 
6 + 5 - 7   . 86 
r - 12 ♦ 9 ^6.5 
/ ♦ 5 - 14 .'46§5 
r - 16 ♦ 15 6 
<f + 2.5 - 21 ■ ..6'v- 
r - 19.5 ♦ 11 VU" 
C - 2,5 - 20.5 4 
X 0 ;■-'+ 28 ■..',■ .-:  1.5 
e + 23.5 ■■::-. 20.5 " • 1.5 
r - 19 ♦ Uo5 135 
r ♦ 7*5 '~ - 12.5 133 
T ■ - 5 + 36.5 128 r ♦ 36.5 ;'^ 11.5;.-. 120, 
r ♦ 16.5 ♦ 18.5 141 
t ♦ 49.5 ♦ 11.5 Ul 

From this we obtain 

Coordinates for the Centers of Orarlty with thi > Soldiei ,' i ■ 

with Full Pack, In Firing Position, Plates XV end znj «- ■A 

 ; ;  ' "   ' '   '.— 

' x' T 
•^• 

Hoad * 1.5 ♦ 8.5 151  - 
Torso + 0.4 + 2.7 ,109.8 

r - 8.1 ♦ 7.9 68,6 -  ' 
Upper leg Z *   5 - 10.1 68.6 . .v 

V - .13.7 ♦ 11.5 ■' 29,5'^ Lower leg e . ♦ 4 - 16.9 "22905, 
X - 11.1. ♦ 18.3 3 ■'" Foot t ♦ 8,7 - 20.5 3     ■'  - 
V -12.4 ♦ 24«8 131.7 Upper am C + 21.1 " 7.3 . 126.9 

Foream 
r ♦ 4 

. ♦ 42 
* 2**91 
♦ 4 ^ -, 

133-5 .' 
128,8 

Hand 
X ' ^ 19.5 ♦ 16 ' 142.5 T 

/ 
,  + 53 + 12 142.5 

Rifle ' + 47.5 ♦ 13 1/,6  • . '• 

Knapsack with rear - 18 - 8 1U 
cartridge case T - 2(.5 + 15 98 . 

Front cartridge cases^ ♦ 16 - 3.5 98 

Bayonet and spade + 2 - 21 74. 
Bread sack and water - 12 ♦ 12 ^74 

bottle 
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By using those ooordlnata Talues, »a obtain ^ 

Calculation of tha XQ,  yo, and ZQ Coordinates for the Comnon 

Center of Gravity ■■■:■ > 

pixi pin PI»I 
ty'. 

Head 
Torso 

Upper leg 

Lower leg 

Foot ^: 

Upper axn      ,, ; 

Forearp 

Hand *       . • , * 

Rifle .. 
Knapsadc with rear ' 

Cartridge oaae ' 
Front cartridge * 

eases       -^ 
Bayonet and spade 
Bread sack and water 
' bottle (full) 

r 
C 
r 
I 
r 
I 
r 
e 
r 
e 
X 

e 

• r 

♦ 6210        > 35190   V   625U0 
♦ 1002^ ♦ 67662 ;;2751588^- 
- 55080        ♦ 53720    : r\f6648o' 

. ♦ 3A000   ^   - 68660      ^ '46600 
- A2333.     > 35535 ■■:*■•    93155 
♦ 1236^        - 52221    ^      91155^ 
- 11655    ^ ♦ 19215    ;^v-3150 r 

' ■>^'9135 ' ':- 21525-;: ■ ■-".-31!»1)/ 
- 2*552. ^ > ^9104 / 260766 x 
*- A1778 ••■■,-■ 1U54 " : 251262:1 * 
>   5360        > 38726   .   ,.178890-V 

, ♦ 56280      . t: »5360    ^   172592 
V > 9555      ; ♦   7840 - ■ \: 69825 
♦ 25970,       ♦ -,. 5880 ^   69825    i 

v   ♦223250.;* 61100 "686200^"^' 
-220500 v:>r- 9800p      ^^«K» 

♦ 23850   ^v 155820   ; 

-    5565/:   ^15582^'V; 
'-.  3975 
♦ 25UO 
♦ 3H0 
. 188*0 

r 32970 ^r >116l80 
♦ 18840^J?v 116180 

•::i-'-i 

: ^ " 

Total   v + 85567 ♦128607     " ^Blähtt^ 

therefore, 
! -A  <*■'   . 

or 

^       V 8^67 128607    . 

XQ - ♦ 1.0 IQ. ♦ i06 

8128158 
zo- 81^70 

«0- 99*2. 

>A .-< 'f... 

In this case the center of gravity lies 13,2 cau above the «enter of the 

hip joint, about at the level of ths lower third of the fourth lumbar Terte- 

bra, at the forward edge of the vertebra itself.    It also;lies a little «Ore 

than 1 cm. to the right of the nedian plane, which is not easy t.q determine 

because of the rotation of the spine, A 

Figure 18 shows the relationship of the gravity line to the supporting  ■ 

surface., 

In order to determine the effect of the pack on the center of gravity in 
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the firing poaltion, coordinate»   a^j # jj)» <^;>0 ^Te ^a ••l«»iat«d#      v. 

omitting all the articles belonging to the pack except the rifle«   We the» 

find that ..:'.' "■• ■-■■■■'       '::':.':-     ■ 
300302     '      '■'■''':■        "'■'-   "■'''.',■    '■'"]?'"■ f 

222452 •■. V ;'  . (
:. ^. ■"■'''• v. ■:- 

3^- +   "S3430-   ♦>5 

6I87658 . ■ .-'' "."V 
"0"     63400" •   97.6 ^:  7   :,••; 

, T u- ■   i      ''        ■ ■.■.■"•■       '■'-,'■       ;■    ■.. 

This shows that the center of gratlty for the soldier in the firing 

position, without a pack, but with the torso in the »ame positlonas the one 

he assumed in firing with the pack, lies at the lerel of the next to the 

last cartiledge, 3 on. in front of it, and about 1 oa. to the right of the^ 

aedian.    It thus lies about 5 OH. farther forward than the line connecting 

the hip Joint centerso    The center of gravity Is therefore drawn beckwaxd ' 

about 3,5 cm. and upward 1.6 ca, by the presenei'of the pack, ;';/ 

In the firing position that the model without pack aaauaed, the center ; 

• ■ ■    '   '■■■■ :y   ■ ■ ■'' -'•■'',,• 

of grarity lay almost at the same leTel, but about 7 cm« in front of! the 

line connecting the hip Joint centers, and thus 2 cm, farther forward than   v 

in the position he assumed in the experiment with the pack, after diseardli« 

the latter.   This shows that the pack made the back curre a little, and thl» 

displaced the canter of gravity of the torso slightly backward. 

Since the center of gravity was displaced considerably to the rear by    : 

the pack whan in the firing position, the grarity line would be displaced 

Just as far for the sane position, and this would cause an undesirable place- 

ment of the latter in relation to the supporting surface, as far as stability 

against a push from the rear was concerned«    We hare seen, from the firing 

position without pack, that placing the gravity line nearer the front than 

the rear edge of the supporting surface Increases the »tabillty of the firing 



;' ■■:■,:... --'4':^-^f^^l^^^^ "iV 

position.    The model will therefor« hare to lean for^toft a little aore in . 

firing with a pack to reaol» the same stability aa ho did without It.   Howerep, 

comparing flgurea 18 and 15 shows that the g$*nty line intersects the     ' 

supporting surface at the same spot in both eases, and this proros that Uie 

model has autoaatloally leaned forward a. little more,   ^^       ' ■ ,       «.; 

The Importanoerof the Relation of the Location of the' '• 
Orarlty Line to tlie Supporting Surfaee 

■  .( •' • ■• :    :■•' f'- ■■' ■ - .■,"■■, v.   ■.  ;; ..:,^ ■■■ 

The location of the grarity line JUx relation to the supporting surface, 

as shown by the foot projections, indicates only to whSt extent the stabUity 

of the particular position of the loaded or unloaded body that we hare inveslfi- 

gated is affected.    It leads to no conclusions as to the desirable or undeslx^ 

able location of the center of grarity wlthlia the body, .^11 thejcenters of 

gravity for the IndlTidual positions are therefore included in plateXTJl 

in order to give a clear pieture^of the differenV looatlons of this center in 

the body itself,   Howerer, the Z-coordlaates must beinereased bjrl or 2 cm.    , 

respectively to make them usable with our drawing, ^eoamse the oenters. of the 

hip Joints in the living model were, for most positions, i em. lower, and-In 

the firing position 2 cm. lower, than in our syMetrioel figure,   Purt|iermore, 

we have to consider that the line connecting the eenittrs of the hfrf joints 

in the firing position, lay outside the frontal plane,, and that .the X and* 

Y coordinates had to be corrected aoeprdingly.    The projection of the feet   i. 

indicates the degree of rotation of l;he line conneotipg the hip joint centers. 

Taking all this into consideration, we obtain the following values for the 

x,0» y,0» and a,0 centera of gravity coordinates a» plotted on normal fimre 

in plate III, 

V 

«'o     y'o      ^o 

1 - Normal position, plate IV . +0,2    0   '   92,7 
2 - Easy position, plate Y -0,8 /.   0    92.3 
3 - Kilitary position without pack, plate 7t   ♦O.A    0    92^7 

'i ■' i 
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4 - lailtary position without pack, 
presenting arms, plates VII and 7111   \ ♦2p9 

5 - Firing position, without pack, plates IX and X     ♦7 
6 - Rifle advanced with right axn extended, plates XI 

and XII ;V;;:: ■'■'^ 
7 - Military position with full pack, ahoulderJLng aras/ 

plates. XIII and XIV .**-l,6 
8 - Firing position with full pack, plates X7 anfl XVI       *l05 

+0,1 
-1 

% 
99o8 

♦7.7     ♦0.9      98 

-0,5 
♦1 

98.5 
101.2 

These locations for the centers of gravity InÄlcate a^ once in what posi- 

tion the model nust stand to place the gtavlty lifts a» nearly as possible in' 

the center of the snpporting surface, what ^locations of t»-»center of grarlty 

strain the muscles the most because of the bend that must baa«de,'a«d also 

what location is closest to our nonoeJ, one- 
}' '.      -'' " ' ■       "■•■•!'    '"' '        ■ 

The moat undesirable location for ths center of gravity seens to be the 
' . ■■■';■  ■'    ■''        '..   ■   .■>> .,,.' 

one with the freely extended rifle, and the. one in firing position irlthout 

the pack seems to be almost as bad# while the last; one, the flrin«;po«ltion 

with the pack, seems to be thereat of all.    The reason is tbat in firing 
. " ■ •     ■ »' .       ■f    -. ■ ■     •■'   ■  '' 

without the pack the center of gravity moves out of the pelvis, while In 

firing with the pack it lies vertically above the heads of the hlj» Joints. 

However, two points must be noted in this connect ion.   One is that in firing 

without a pack the gravity line falls automatically alaust in the cent«* of 

the supporting surface, and the other is that in firlug with a pack the torso 

has to lean forward to make the earae thing posslblso 

As far as the height of the center of gravity la concerned, both firing 

positions are equally undesirable from every point of view. 

Further practical codsequenoes of this can be seen at once from the 

pictures  In plate IVII. 

Effect of the Pliability of the Torso on the Location 
of the Common Center of Gravity 

Since the torso is movable because of the pliability of th^ epine, and 

therefore cannot be treated as a stiff mass, the location of its center of 
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graTity cannot be expected to be in tbe saaeapot ;,for orerx position of the 

torso, as it was in the frozen cadaver, that is to say. In the plane deternlned 

by the center of the atlanto-ooclp^tal Joint and the osnters of the two hip 

Joints« On bending the torso back strongly» the center of grarity will remain 

at about the same level, but drawn a little farther back, while on bending 

still more It mores forward^ not backward. All of this must be taken into con».' 

sideration. Plates IV and 71 of the live model In the normal and military 

positions show, from a study of the figures alone, that the oenter of gravity 

of the torso lies in front of the above plane, I*artheniioret comparing these 

plates with the shape of the torso in plate III fhows that the oenter of gra- 

vity due to the strong rear bend of the torso, in plates 17 and 71, cannot 

lie as far forward as In plate III, If we assume the center of gravity of the 

torso, in those two positions, to be in the above plane, as we did In our 

calculations, it is placed a little to the rear of the true location»^ If, on 
■ .,■-.  ^   ,■..,...   ,' ■ 

• ".',■■■'.•*    -■.*..■ 

the other hand, we assume that the center of gravity is these positions is ths 
• • - ,     .'■'.'■•■ -' '■  ■■'   ' '*.' -■ ■ -■ • ,: "' ■ ■ 

one we found in our direct measuromevts, we'are placing it 4 little in front of 
, ■     '     ■  ..■.T-. . ■;-. ■■'■■».- •'''■      .'    ''-■', 

■""■ ■ ■'■•''. "■'•■   ■.,■■' ;.'       '"'"'^i*1 . -'' 

the true location.    The center of gravity as shown in plates 17 and 71 lies    - 

farther back from the plane through the atlanto-pcolpttal joint and the hips   ^ 

than It does in any other plate«    The spot In «hioh we located the center of 

gravity in the cadaver was in this case 2.5 cm« behind this plane»   These indl» 

cations show that there Is a play of 2.5 em. for the center of gravity of.the 

torson    Displacing it by 1 cm« forward or .backward would, howefer, also neaaV1 

a simultaneous dlsplecenent of    vaffifi * 0o427 cm« forward or b^clorard for the. 

common center of gravity, for the whole body without,a load, but only a dis- 

placement of O.395 cm, or 0«306 cm, for the body loaded wl1(h the rifle alone, 

or with the rifle and the pack.    The largest amount of play, or 2,5 cm., for 

the torso In plates IV and VI, thus amounts to only a play of 1,07 cm, for the 

common center of gravity Itself«    For instance, if we assume that it lies in 
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the center of this nargln ot error; this removes'our X-ooordlnates for the cen- 

ter of gravity only 0.5 cm. from their real value, that Is to say, the center 

of gravity actually falls only 0.5 cm« farther forward than we had calculateda 

Our assumption that the center of gravity of. the torso always lies In the plane 

between the atlanto*ooclpltal Joint and the hip eenterfi thorefora leads to no 

error worth mentioning,  in our body position« . 

The head of the hip Joint in the male adult has an average diameter of 

5 cm., and so the center of gravity of the torso pan move much farther back or 

forth, up to about 2 cm., without making the frontal plane, that lies between 

the atlanto-occlpltal Joint and the center of gravity of the torso, move out 

of the heads of the hip Joints« ^ 

Effect of the around Slope on the Position of the Body 

Ms took a wood board about fifty centimeters wide and one meter long,and 

raised and lowered it slowly with a windlass Into.different sloping positions, 

whose angles could be read off easily on a protractor by the use of « plumb 

line, in order to determine to what extent the ground slope «ffeots the body ' 

position, and how the soldier's pack affects It also« 

With the board at an angle of 32*, and thus a steep ground surface, the 

soldier loaded with the regulation pack could still stand up, but he could not 

step forward any more on the rleing plane, and kept his body bent far forward« 

On the other hand>he oould still walk up this sloping plane without the pack, 

and even if he placed his knapsack on his head and the belt with the front 
1. ,    . ■   ,. ' 

cartridge belt around his neck. 

In spite of chalking both boards and socks well (he had taken off his 

shoes), his feet finally began to slip, which complicated the experiment.    So 

we made a new series of experiments^ In which sliding was completely eliminated, 

and only the elope counted, by nailing a small board across the large one, with 

the heels of the boots resting against it.    Three young soldiers took part in 

this experiment« 'v 



«RIAL MO.,        . '    '    4'   ■    V./   ^-U^C-Ä^ 
Translation No, 379        "■:"'.' 

Soldier   A   could still ftand, with his body bo^t'f^foxwcur^, and with 

the peck, on a plane at an angle of ^1 1/2*, without pack up tQ, A7#, ^aad when 

he carried the knapsack on his chest up to 50%     v . i 

Soldier   B   could stand with pack up to UX*, without pack up to Ut-W, 

and with the pack on his chest up to 52% J-    '','-•'y' 
■"»"'''    ■'■.»"        ' "   ' :    • ■ 

Soldier C could stand with pack up to 42% without pack up to 48% and 

with the pack on his chest up to 40% • ^ " 

v    ■ ^ . ■. ■ 
We do not intend to carry this investigation any farther* It will rather 

v ■/' •''  ■ , V - ■ \ 
be the task of the military authorities to study, onthebasla of broad en^lrlc- 

inTsstigations, to what extent the new pack hinders'the soldier In his aoTeiaents 

on uneven ground0 ''"      '  v " '^ 

The load pressing on the body when standing on uneven ground le boopd to 

alter the position of the lower part of the back, and make the body bend forward 

in order not to fall backward. Just as the displacepunt, of the center, of gravity 

toward the rear by the pack causes a forward bend of the body that draws the 

center of gravity above the supporting surface and thus makes ,the upright posi- 

tion more secure« The steeper the slops and the farther back the center of 

gravity, the greater the bend of the body will be. However, this bend can only 

take place at the ankles, the hips, and the spine. People with stiff Joints, 

that ia to say, older people as a whole, will therefore find It harder to 

climb mountains than young people with supple Joints, It is evident that shift- 

ing the pack to the upper portion of the back will make it much easier to bend 

forward and correct thla displacement of the center of gravity, because the 

number of vertebrae at this spot increase the pliability. 

It is thus not mere chance, or a local fashion, that makes the north 

Germans carry their packs In the center of the back, while the south Germans and 
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those down in the Alps and Into Italy carry every ioad 90 the "head, as high 

up on the body as is po3albleQ   Even at the Main river we see how market women 

carry their baskets on their hsads, while in the Berner Oberland cheeses weigh- 

ing a hundred pounds are raised as hip.h as possible on the backhand in Capri 

the young women carry heavy trunks and building ston«^. on their heads up the 

steep road to Anacaprio , 

Walking on steep ground with a heavy load is in any case dlffloult, and 

requires much more careful balancing than when marching on level ground.    It Is 

especially easy to fall backward if the sacrum is loaded, or in striking a 

steep slope when Jumping over a ditch, or when moving over very uneven groundp 

Our purpose in these last remarks has been to point out a further practl- 

cal consequence of our investigation on the location of the center of gravity, 

without wishing to venture into a field In which we are not competent.    * 

Translated by - 
Vera Sjostrom 
Translation Unit, Referanoe Branch 
Technical Data Laboratory 
Engineering Division 
Wright Field, Dayton, Ohio 
October 16, 19U 
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Pig. g - Frorit rieiTj and Fig. 9 - Side view of packed
knapsack with filled near cartridge case and loadid 
cartridges. S - projection of the center of grai^lt)^ 
on the front surface and on the side surfaoi of thS 
knapsack
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t Ki&F and Hgj 11 s ^Ida view b^ bhi
froht darthldg* oasi fliiad with loadad daftFla|Sli 
1 - phdladtioh of the oonteh of gravity Bfl thi 
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side atirfaciS of the case
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Hfet 6 - SuppofUhg suhface  and  point of intehsectioh ä 
of the gt-avlty line with It»   for the easy 
position^ flato Vi 
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Supporting surface and point of intijfaÄetibtt Ö 
of the gravity line with it>   for th8 ttilitftpy 
poaitionj  Plath Vti 
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Fip. 12 -  Side view of bayonet and spado* • 
S - Projection of the common center of 
ghavity 

Fig. I5 - Side view of rifle li/ll.Zh*     S - pl-öjfcotioh 
of the center of gravity on the uppeh sUhfäcB 
of the stock 
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V  Aft  Vh»rrt<<tM-   m.t   .(rr^tU-i»   fur   A 
HtWttH ml po-mirtrai l!«*Hir, t.l til«, till.   Iw «•(••«^••ki u ,w OM.I.MIK 
H d.< PraimiKHi 4» 0.1™... 4«r \nk<a>l •* d»r H.nlrrl>.lm.iulr.i.kir    > «illH- 

Fig;, li; - For soldier presenting arms, Pl&tes VII and Vlllj 

Fi^. 1^ - For soldier without pack, firing position} 
Plates IX and X 

.     Hgi  16  -  For  soldief with extended  rifle  - Mfttod jtl fthcl jtlt 

M SUPPORTING SURFACE AND POINT OF iNTERSEcTM 
OF THE GRAVITY LINE VflTH It 

l^ 
..•*■■■: ^'i1' ,:' 
■■■■'■      ■ *?.. ■ ■■.    ., 
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Pig. I? - For the military position with full pack, 
shouldering arms, Plates XIII and XIV 

Fig. 17 - For the soldier with full pad«:, in flrlfag 
position, Plates XV and XVI 

SUPPORTING SURFACE AND POINT OF INTERSECTION 
OF THE GRAVITY LINE WITH IT 
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^i^'t'kinr surfaces and centers of gravity drawn Ln, for thfc ’t'

' ,V-■

rlf,ht upper extremity of cadaver IV

-- .Si-v.

Cuttlnc surfaces for 1) upper arm only; 2) entire tthnr rt.-. 
3) forearm only; U) forearm with hand; '}) hand .'rft;.
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PUTE II r
CUttlnf; surfaces and centers of gravity drara in, foP tHd 

rii^ht lower extremity of cadaver IV

ducting surfaces for 6) upper leg alone; 7) entife iegj
g) lower leg only; 9) lower leg with foot; lO) fbdt bhly
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\T4
'■>- ;•.-'

>..r

.IHunJI tlKX I^./ Illu .*.V A/..1117

I

A4» fmF tit* X%*muJAiftlui^ tirm m%tt%mHtMtH Kir^n

mil Mm Mm! hrmtimymtm .M4ttmmfmmdim.

s i
, ^ ^ ^ ,. ■•«

. ; ..-I......X,... -u...

W:
[r * !

il 1 j tf i • .i : h/ •

u
• :

m>ff‘

• \t AttrrTmmAf rtmr* iMt^rx

• ^t^m^tfmtHkt ttmr*

Xrkm'^Tfmmkl «4» tt»tmtfm Aimpmt

PLATE III

blarram of the normal position, v;ith centers of pravity 
measured directly

<-■

» - Center ox"' gravity of a limb 
0 -Center of gravity of a group of limbs 
taS- Center of -ravity of entire body
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PLATK IV

Normal fiositlon - profile
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Projection of centera of the joints 
Projections of centers of f-ravity of head and hands 

Projection of centfet of gravity of entire body
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Di* htqntm* Hallung. (/Vv/Umtv*(/

PLATK V

Kasy position - profile

Projection of the centers of the joints 
Projection of centers of gravity of hotd and hunas 

Projection of center of gravity of ehtire body
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t>LATE VI

Military position wlthcut paok

Projo!.itioii of the centers of the 
Pro.iocticn of centers of gravity of head unci iiMids 

Projection bf centoh of gravity of entire body

Mg.
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PUTS VI1 

Military   position  without  pack,   presuntiiif;  unnb   (profile) 

1'rojeotion, of tho  centers  of  tho   jointr. 
Projection of  oentefs  of  (^rBvity  of  heud  and  liands 

Projection  of  nentct-  of  gravity  of entire  body 
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trailsUtlotl Kd. 37^ 16 

PLATE VI11 

Military position vdthout pack, presentinf arms ^frr.nt view) 

Pro iection of centors of ioints 
Projection of centers of gravity of head and hands 

Projection of center of gravity of entire tody 
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PtATfc IX 

Fihinf position without pack   (profile) 

Projoctloh of centet-s of  joints 
Pl-ojoction of centers of gravity of head and hands 

Projeotion of öentbt* of gt-avity of entire body 
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PLATE X 

Kirinr position vdthout pack (fronl view) 

Projection of centers of joints 
Projection of centet-s of cravity of head and baids 

Projoctioh of cohtet- of ghavity of entire body 

»rr'- 



PLATE Xl 

Position with extended  Hfle and  outstt-etohed  ri|;ht arm  (profile) 

Projection of centern  of  the   Joints 
Projection  of  centet-s  of  ^havity of head  and  hands 

ProjoctloM of colitet- of ghavity of ehtit-e  body 
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PLATE XII 

Position v.-ilh extended rifle und outstretched rifht urn (front view) 

iVojecticns of cunterr. of the joint;; 
Projection of centers of gravity of head uri'i bunas 

Projection of center of gravity of entire body 
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PLATE Xlll 

Military position with ful] pack and shouldering; arns (profile) 

Projection of the centers of the joints 
Projection of centers of gravity of head and hands 

Projection of center of gravity of entire body 
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PLATE XIV 

tl/liJltat-y position with full  pack and  shoulderitij:  anus   (front view) 

Projection  of centors  of  the   joints 
Projection  of  centers  of gravity  of  head  und  hands 

Projection  of  center of ^rt.vity of  entire   body 
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PLATE xvl 

Firing position with full pack (ft-ont view) 

Projection of centers of the joints 
Projection of cunters of gravity of heuchand hands 

Projection of center of pt-avity of entire body 
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PLATE XV 

Firing position with full pack (profile) 

Projbotion of centers of the Joints 
Projection of centers of gravity of head and hands 

Projection of center of gravity of entire body 
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